METHOD OF RENDERI NG BI NAURAL STEREO I N A HEARI NG Al D SYSTEM AND A HEARI NG
Al D SYSTEM FI ELD OF THE | NVENTI ON The present invention relates to hearing
ai ds. Theworroswmid2a, nore specifically, relates to a heacirmk2aesdos3sst em f or
rendering a nmulti-channel digitally encoded audi o signal into a binaural
stereo signal. BACKGROUND OF THE | NVENTI ON US- A 1-20080008341 di scl oses a
hearing assi stance systemthat presents sound to both ears of a user
wearing wirel ess hearing assistance devices which is derived froma single
nonaural signal. Anong other things, it allows for better control of the
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i s phase shi angwlAret ARINGE ALD SYISFESDUND presented to the other ear. In sone
enbodi ments, the phase shift arises froma constant tine delay or the phase

shift arises se shift at all frequencies. In other
enbodinents,FﬁﬁgygﬁgggyghﬁﬁﬁTgﬂ?ses froma phase shift that is varying as a
function of frequency. In still other enbodinents, the sound presented to
one ear is sd&he peseat thivérftion e¢lsted ©\hedringalidst Theanteamtibinenare spedifioalds eatdtesd t 0 t he

other ear_ In further. enbodi.nents,. the sound pr.e t ed one ear, i s
controf L abl ¢ hHEREr SR B dRene P AP LSERT Alpde B SERY 15 ¢ e
sound pr eseniméla binalirhlest@éd@gnabar . WO A1- 2006 133 158 di scl oses a hearing
aid system adapted for w rel ess conmuni cati ons between one or nore wreless

audi o devi ce %EQE rQRJ providing e.g. stream ng audio and
ot her enhanc%@‘ eggéggﬁ%gﬁ?®%6§§&ﬁﬂ%§§rand stereo comuni cati on nodes are
supported in various enbodi nents. In one enbodi nent an interface device has

a first port USwhl-200808083ddiscldses@ hegungiavsistingt eysteat thotpréscoimseundderhethi cat i on
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device. The inlgralLon HRISHUBRL b sARACEIRED R [ UMPLd gl b T required
and transmtted wreless 0 oné or-nore audi o devices. In one
appl i cat ilon, single monaural signal. Among other things, it allows for better control of the received

sound and obtains benefits of binaural hearing for listening to the monaural signal. In

various embodiments, the sound presented to one ear is phase shifted relative to the

sound presented to the other ear. In some embodiments, the phase shift arises from a

constant time delay or the phase shift arises from a constant phase shift at all_

15 frequencies. In other embodiments, the phase shift arises from a phase shift that is
varying as a function of frequency. In still other embodiments, the sound presented to
one ear is set to a different level relative to the sound presented to the other ear. In

further embodiments, the sound presented to one ear is controllable in relative phase

and in relative level with respect to the sound presented to the other ear.

20 WO-A1-2006133158 discloses a hearing aid system adapted for wireless
communications between one or more wireless audio devices and other electronics for
providing e.g. streaming audio and other enhanced hearing functions. Mono and stereo
communication modes are supported in various embodiments. In one embodiment an
interface device has a first port, which is adapted to receive information from a

25 communication device. The information is subsequently processed or formatted if
required, and transmitted wirelessly to one or more audio devices. In one application,
streaming audio packets are received from the communication device and in some
embodiments the streaming audio is in stereo. The interface device can transmit stereo

information that is received by the proper wireless audio device to preserve the stereo



stream ng audi o packets are received fromthe comunication device and in
sone enbodi nents the streaming audio is in stereo. The interface device can
transmt woeosm4bn2Bor mati on that is received by the proper/ps2oed/@sm3audi o
device to preserve the stereonature of the information. In one application
t he conmmuni cati on device includes a conputer connected to a content source
over a network, such as the Internet hi one application, it includes a
storage device, such as an i PodTM or_ ot her stream ng audi o device. In one
appl i cat i orhatyre ofBiedpiosmations ik erg apphicetiprgthgicpmpumicaiordeyieiselvden? one
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One application includes a wred stereo or nono ‘conhec

- 200674655 applicdtoaes irchideanisttgage dbvyesiuemas ahiRdd Tavb abbthsr sregmangawalio
arbitrary origin to be transnmttedq froma portable nodule to one or nore
hearing ai dievitepinoneagplisaio v,nclflg?sqwaﬁ 10ReViTRlesy apdip SPYISRSIPANEi ng

di gi tal sauddﬁgggit%gq{ Setufed 16iBRA Edtedidh thaiBTutR6HAADS ggak&. dul e. The

transm ssio ta may be froman external source, s as a personal
conput er orapplipatioanncpqdsiaamced] stesieo oF epsbgonmectibe hearing aid via the
portabl e nodul e. US-Al-20060018497 di scl oses a conmuni cati on system where
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signals which are slightly phase -shifted and adapted in their anplitude,
so that thefeaiyes mywier ppfangeype vsed fontransderring digatalaudie signadntg thg dsaring ed or
stored j -hear | ' ' i OQ. ' j ific
i reoti 5 op BREH B8 pBibiOmoRRTRL (RhARiaH B &It iy BORoBlar EATA SREE ot ¢
si gnal ori giuohtes pésoml aompotetisit similar ghphihns) wietessiy tdithe hearitgaid vipothet i on i n
t he space. US-E 1- 54?12 8623 di scloses a nethod for inposing spatial cues to
a plural it yPBROEIBPBIS-nput signal s using synthetic head rel ated transfer
functions (HRTFs). Hereby the plurality of audio input signals will be

percei ved bysiA20001 80 78R1EeNS cohiiinfafith SR VAEREXREN Abich¥d, Bt
predet erm ned.directions. _ _
generally slightly different acoustic signals can be created and directed to the user's left
15 and right ear. This means that it is possible for the left and the right ear of a user to be -
fed acoustic signals which are slightly phase -shifted and adapted in their amplitude, so
that the user gets the impression that an acoustic signal generated or stored in a hearing
aid or communication system is coming from a specific direction of the space. The user

thus gets the impression that the acoustic signal originates from an acoustic signal

20  source with a certain position in the space.

US-B1-5438623 discloses a method for imposing spatial cues to a plurality of audio
input signals using synthetic head related transfer functions (HRTFs). Hereby the
plurality of audio input signals will be perceived by the user as emerging from a

corresponding plurality of predetermined directions.

25 US-B1-6307941 discloses a system and method for providing improved virtual sound
images. One or more spatial cues of an audio signal may be modulated within a desired
range to increase the clarity and perceived localization of the virtual sound image.

Hereby a system that is less sensitive to head movements of the user is achieved.



US-B 1- 6307941 di scl oses a system and net hod for providing inproved virtual
sound i mages. One or nore spatial cues of an audio signal may be nodul ated
wit hi n a wesbhredsrange to increase the clarity and percecrakesmmbicaat i on
of the virtual sound image. Hereby a sysfemthat is |less sensitive to head
nmovenents of the user is achieved. US- Al- 200501 17762 di scl oses a nore
conputational efficient inplenentation of HRTF filters with no detectable
deterioration of outpupgﬂuallty This invention uses a cascade of

resonat or s lé$rd\1a2@(?50r1 bEBRlisases a morgeompptatiiabelfisient implemeriationsyint hesi zer s
del
to moae *X%Izgor eﬁs hét@& t}l@he{gﬂgm&k gg%ﬁ&hg{ﬂ% WS‘H%‘MRI éédters

Furt her crea y processing only
t wo channel@s@ﬂe aﬂcHsOnatsrsdns ahtdsadnatbissarhilyr tuitlidst abedsiurspeachdysisdignsto whi ch
enpl oy al gorithns that tr)ér to | ocalize sounds in virt uaI %ace usi ng

head- r el at dB044! Hitsyasal raghepgersiupeiondey mplgmantng MR LH filtegy FRERITa) of sound
there are 21 "thitcr da@ésr% et Sbuttd §ma Reds il oAy W&ﬁnhiis eﬁﬁlcﬁmnne'

of soun the sound can be replaye a single Ioudspe
traditi onaldlsﬂmeéd:inaiw wyma]tsmuouﬂmhmm whe:hpamployiekgpnﬁ)m thitan nost ener wi |

or of or abl y BEAEe FeHEh Fttel aEs EER e P SR DR TEEFS PR oner i n a

triangl e i ngiggeal. di stances to the listener and with a w de spacing
symetrical about the listeners preferred direction of viewin order to
of fer the maxi mum of spatial experience. Stereo recordings of music and
ot her soundasireplaypf sound these prp apmmbst phiopmatsfippse. i B10RP fePlayf thefeds eng ng.
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even nore s arrange e’ user.
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with both ears, shading effects of the he nd the e n ear olourlng
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signal s. However l'istening to such a signal through a set of hearing
ai ds, the sapid rvek thna iwlldermacmg sguhjegehbabondthelmtinay peéfbnfcd direntidntofi ¥iest mr eo
| Tage Wllsl | orgerpt (f ert %dmgislmum or}%patlal experience. Stereo recordings of music and other
~ sound bits will normally be optimized for this kind of listening. Other sound formats
used today are surround sound systems with five, six or even more channels arranged in
a spatial pattern around the user. A listener with unimpaired hearing will hear sound

from any of the speakers with both ears, shading effects of the head and the external ear

20  colouring the sound, whereby the listener can distinguish among the sources.

Hearing aid systems have been developed for listening to traditional stereo signals.
However, when listening to such a signal through a set of hearing aids, the sound will
not be subjected to shading effects and the stereo image will be perceived as being

narrow and ““inside the head”.

25 It is an object of the current invention to overcome this shortcoming and make a
hearing aid system capable of delivering binaural stereo signals. Hereby it becomes
possible for the hearing aid user to perceive the stereo image as being wider and more

natural.

It is also well known to experience listening fatigue when listening to traditional stereo

30  signals in headphones. It is a further object of the current invention to overcome this



narrow and "inside the head". It is an object of the current invention to
overcone this shortcom ng and nake a hearing aid system capabl e of

del i veri nyolnrends@B stereo signals. Hereby it becones p@s3inK2e08wn3cshe
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becomes possible to improve both the signal to noise ratio and speech intelligibility of

the audio signal.

15 However, a digital surround sound signal cannot be played back directly through a set
of hearing aids. It is an object of the current invention to overcome this drawback by
providing a hearing aid system capable of delivering binaural stereo signals. Hereby it
becomes possible for the hearing aid user to perceive the surround sound signal through

a set of hearing aids.
20 SUMMARY OF THE INVENTION
The invention, in a first aspect, provides a hearing aid system according to claim 1.

This provides a hearing aid system comprising a left and a right hearing aid and a
rendering device, wherein the rendering device is adapted for receiving and decoding a
digttally encoded audio signal defining at least two audio input streams and for

25  rendering two output signals defining a binaural stereo signal and for transmitting the
two output signals as a left and a right rendered signal to the first and the second
hearing aid, each of said first and second hearing aid having means for decoding and

playing a respective rendered signal.



The invention, in a first aspect, provides a hearing aid system according
to claiml1l. This provides a hearing aid systemconprising a left and a

ri ght heawongiemiage2and a rendering devi ce, wherein the rect@x2oes/@essce is
adapted for receiving and decoding a digitally encoded audi o signal
defining at | east two audio input streans and for rendering two output
signals defining a binaural stereo signal and for transmtting the two

output signals as a left and a right rendered signal to the first and the
second hearilfigbuan advaneed bytening feafure istachigyed ghuciywraldathegvise e daniedg neans
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replaying at least two audio streans in a pair of hearing aids according to
claim13. Tmnsmptteslfodbsheringakisds fedncadepicases wdiced the eagber efchawdiloinghe eans
'napays Orfecgsgc{ rlnrlllﬂi-glllaguslel digitally encoded audio signal exceeds the two channels that are

required for transmitting a binaural stereo signal.

The invention, in a second aspect, provides a method for replaying at least two audio

streams in a pair of hearing aids according to claim 13.

This provides a method for replaying at least two audio streams in a pair of hearing aids
20  comprising receiving the at least two audio streams in a rendering device, processing
the at least two audio streams in the rendering device to produce two output signals
defining a binaural stereo signal, transmitting the two output signals from the rendering
device as a left and a right rendered signal to a left and a right hearing aid, and playing

a respective rendered signal in each of said left and right hearing aid.
25 Further advantageous features appear from the other dependent claims.

Still other objects of the present invention will become apparent to those skilled in the
art from the following description wherein embodiments of the invention will be

explained in greater detail.

BRIEF DESCRIPTION OF THE DRAWINGS



conprising receiving the at |least two audio streans in a rendering device,
processing the at |l east two audio streans in the rendering device to
produce tww 2010qasd23si gnal s defining a binaural stereo sipgmalk2067r@o®Ei tting
the two output signals fromthe rendering device as a left and a right
rendered signal to a left and a right hearing aid, and playing a respective
rendered signal in each of said left and right hearing aid. Further

advant ageous features appear fromthe other dependent clains. Still other
obj ects of Brh¥ayoéseampledhersis gown and desaried apspfsred empedimeatef thisi | | ed in

the art fr f A i P on- i I ipyention
w11 e explarngn Ry Wil raHEgE thh ailigh1eE o ETRR AR S gty
way of exangiddts sebernledetsilsafovapablecd faesiificdien irmvirioes sobveshsespats atent of this
invention. As will be realized, the invention is capable of other different
embodi ment sWitheH drpating fardhe denton A&F%fdbﬂfﬁg?éﬁlﬂ%df&?’l%cﬁnfi idesaripgang will
various,: O : : ntion.

Accor di nsgl 3‘?@ ‘?girdg‘?gﬁﬁlhgéﬁgjﬁéﬁﬁﬂ%@{%“g?ﬁ gﬁilte\%\n&lgf&%gﬂ}ﬁeé&g?g{ehﬁés illustrative
in nature and not as restrictive. In the drawings: Fig. 1 illustrates a

hi ghly schelmat 1 ¢ ilinsiratésrphighlyesdhdmasislkandisegplefraddflock diagraing adiedrigg gidem
according to an enbodi nent..of the present ipvention: Fig. 2 illustrates a
i ghly schematic SRETSRPICITE Laterihodny gf hameen ety “ai o syst em
according to another preferred enbodi nent of the present invention; Fig. 3
i |1 ustrat esFig. hi glluytraseshetiphlyGchdigatii aiglsichplefbd]leukidigdragr ¢ Iehriag hidar i ng
aid system according to another preferred enbodi nent of the present

i nvention; Fig. &ysiemascpringstoanpthghpigfesiedcmbodimsntgf hegressnt grensiong
hearing aid system according to another preferred enbodi nent of the present
nventi on: g9 SibldHald RERY SRARITRINARIhifd bR ek ialcadng biguat | on
for replay of a traditionall audi o stereo signal through a pair o

| oudspeakers; andsyFien acgording tetanathesprafdmiedeimpodingit of thegrédeotinvelitmgr am of a
part of a hearing aid systemfor rendering a traditional stereo signal into

a bi naural Psltge 4 eollhsllsthd?%l afig 9/rsc ifatic implementation of a hearing aid system

according to another preferred embodiment of the present invention;

Fig. 5 illustrates schematically a typical listening situation for replay of a traditional

15 audio stereo signal through a pair of loudspeakers; and

Fig. 6 illustrates a highly simplified block diagram of a part of a hearing aid system
for rendering a traditional stereo signal into a binaural stereo signal according

to an embodiment of the present invention.
DETAILED DESCRIPTION

20 In order to more fully detail the present invention some terms used in the definition of

the invention are explained in the following.

In the present disclosure, a hearing aid should be understood as a small, battery-
powered, microelectronic device designed to be worn behind or in the human ear by a
hearing-impaired user. Prior to use, the hearing aid is adjusted by a hearing aid fitter

25  according to a prescription in order to alleviate a hearing loss by amplifying
frequencies in those parts of the audible frequency range where the user has difficulties

in perceiving sounds. The prescription is based on a hearing test, which results in an



to an enbodi ment of the present invention. DETAI LED DESCRI PTION In order to
nore fully detail the present invention sone terns used in the definition
of the i nwerniomasrse explained in the follow ng. |In thePpragenes/ @zl osure,
a hearing aid should be understood as a -small, batterypowered,

m croel ectronic device designed to be worn behind or in the human ear by a
hearing-inpaired user. Prior to use, the hearing aid is adjusted by a
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order to allow replay of binaural stereo. In addition to the hearing aids
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devi ces, e.g. devices adapted for wrel ess. audi tream. to the hearing
i ds. T ¢ HAGRGD YR EPITNG! Bibawel ey Taeonices oy herSeE BE MeRStISEs Pender i ng
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di gi t al audioowingtestirudseisthcagyng tagthe hearing aids. In the following the associated devices

15 'may also be denoted rendering devices.

The general term audio device, as opposed to associated device or rendering device,
includes all sorts of devices, capable of delivering a digital audio output such as e.g.
televisions, DVD recorders, computers, mp3 players and mobile phones. The typical

output from these devices will be a multi-channel digitally encoded audio signal.

20  An audio signal, in the general meaning of the term comprises all the sounds that may
be received by a hearing aid system using e.g. a microphone. As opposed to this a
digitally encoded audio signal is a digital signal representing sounds that have been
recorded and coded in a digital format. Therefore a hearing aid system can only receive
a digitally encoded audio signal using a digital input means such as e.g. Bluetooth

25  receivers, FM receivers or digital plugs and cables. With respect to binaural rendering it
is a significant advantage to consider only digitally encoded audio signals because the
digital formats comprises information on the placement of the intended loudspeakers
relative to the listener. This information is e.g. specified in the various commercial

surround sound formats. For traditional audio stereo signals of digital origin it is
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di gi tal tr athet brorehanoels maydregendered fdr ceplaynadnly fveorkamielsi t al format is
transforned into another digital format suitable for being replayed to a
user. |.e. Iz di @i ] ' i i Si.ng nore
than two. cHaTEpiesssl SRARS e, bohabht tohaBREEER- PRI AR WD, D12
present di seHaqaselrdegitablyracodell andiodegnang reridetedl or tepldynsf HaedStersdiey gvoany
multi channel digitally epcoded _audi o signal is rendered for replay of

bi naural sti§aEBEBiflst hsPeraAT YRE oAPwaurahrespering ransfarms agradiimaldigialbender i ng
transt ofo® aqcbaaﬁalidw{,}@ﬂeo Qir%ﬂhltiﬁ*d IbiaRGarRe 3 dha. BiRLAR sREN8kxbiahed f

bi naural stereo signal. Binaural stereo 1s explained in nore detail bel ow.
I n the presmnte diitaktbadomre the term "nono rendering" refers to the process
where any multi-channel digitally encoded audio signal is rendered for

repl ay of ly one of.the t hannel s reqguir.ed to ner at e bi naur al

Ster e, Therdhs sl ghsslpsue s (el Hong gy Fefors RS AHRSLIBEAM s usi ng
the mono r eRURI-ERENEI REEIT ent&Tbd ab8® sidiR] RIOERSEd 08 répfay of only one of the

two channels required to generate binaural stereo. Therefore replay of binaural stereo

15 by two hearing aid units using the mono rendering process, requires the process to be
adapted to the hearing aid unit, in such a way that the hearing aid units provide the
appropriate binaural stereo channel. I.e. the left hearing aid unit provides the left
binaural stereo channel and the right hearing aid unit provides the right binaural stereo
channel. It follows directly that the mono rendering process requires only half the

20  processing power of the binaural rendering process.

A“multi-channel signal” is a signal that includes two or more channels intended for
simultaneous replay, e.g. by respective speakers. Stereo and surround sound recordings
include multi-channel signals. Examples of multi-channel formats are Channel

Surround 2.0, 2.1, 3.0, 4.0, 5.1, 6.1, 7.1, 10.2 and 22.2.

25  In the present disclosure “binaural stereo” is provided by simulating or improving a
multi-channel digitally encoded audio signal using two hearing aid units. Typically the
method of providing binaural stereo consists of processing a multi-channel digitally
encoded audio signal with psychoacoustic sound localization methods to simulate a

multi-dimensional sound field for a user wearing two hearing aids. Binaural stereo and



adapted to the hearing aid unit, in such a way that the hearing aid units
provi de the appropriate binaural stereo channel. I.e. the |left hearing aid
uni t prowvoesiddas2Beft bi naural stereo channel and the rprghtkooesanissg ai d
unit provides the right binaural stereo g£hannel. It follows directly that
the nono rendering process requires only half the processing power of the
bi naural rendering process. A'multi-channel signal" is a signal that

i ncludes two or nore channels |intended for_ sinultaneous replay, e.g. by
respecti ve BpEanqusdnethgds fappranuling it psofyrherdsserbed belomawith selereape todiz. 5
nulti-chanqﬁhlgéqﬁals. Exanpl es of nulti-channel formats are Channe
Surround 2.0, 271, 3.0, 4.0, 5.1, 6.1, 7.1, 10.2 and 22.2. In the present
di scl osure "binaural stereo" is provided by sinmulating or inproving a

mul t i - channlalthidiapplicatioly “asodssibrameins” shd)frateiviag mipansioshoeklr bengndarstbodni t s.

Typically the nethod of providi bi na sterep consists of processing a
D S A e it de e Bhe S Wi e O dh bt S LR e s . sound
local i zat i oRtePRhRQIDgl R PdriBhk PhRs 8f thb hbdrirdl 41 Bt &Huch Miads faghe for a user

wearing two hearing aids. Binaural stereo andthe various nethods for
provi di ng itelepgilsi EM tnansmuiders pivd eageiyetsoRlugiooth irafsaniders end tecgivers, Ghend Fi g.

6. In this applicat. "tr.ansnm ssion ans” .and "recej vi s" should be
onder st nod Wik ERkt Bandd AR AQRE S THAR o RAIE ST b, dIERA e "ou L o
and neans fgligd amdeables acetll agathethviapOvswited biswitletearmakinggndi d syst em

Such neans may be telecoils, FMtransm tters and receivers, Bl uetooth
transm tt er’§CAYIBE means. Jdus, in ghapresept applisationugh trapsmittingsandtreesivingd recei ver

types, pptigalng (E){#alﬁr\j!lvxl% iR GARGS bofd! L hitlio AOAKesRIt Ife AR JF R ﬁe%nﬁg affel | _as

any ot her type re r-wreless transmtting and receiVving ans. Thus,
in the presystemafphé tremmitingsndiretdiving mebnd inghavatious aaityneed noebathersasnebe
i ncorporated in.both the audi o devices and th unLt? of the hearing aid
system Theéd ki BGY SARPFST TS R AR iYRS- HSPeHally My heatias aidi systeMsed not

be the sameygnekvarat ai8tiated WelicEBhe GAARNIsSIBn RS nbditibt BRehd S4RR, sikeP@ei al |y
in hearing aid systens with several associat'ed devices the transm ssion

t ypes need dhoicelseperide og dimesystsinnreguirérgents for the specific transmission path. As an
15  example the transmission format used for signal transmission to the hearing aids
themselves should be optimized for requiring a minimum of electrical power for the

signal decoding in the hearing aids.

It is well known to use an audio codec algorithm in order to represent an audio signal
with a minimum number of bits while retaining the quality. This can effectively reduce
20  the bandwidth required for transmission of an audio file. Examples of audio codecs are
MP3, WMA, AAC and AC-3 (digital dolby). In the present application the term “audio
decoder” refers to means for decoding an audio encoded signal. The “audio decoder”
typically detects the transmission format of the received digital audio signal and
decodes the signal appropriately. Correspondingly the “audio encoder” processes the

25  audio encoding of the given audio signal.

“Mono-decoding” of a digital stereo signal (which may be either a binaural or
traditional stereo signal) is a process where one of the two input stereo channels is
decoded and the other of the two input stereo channels is discarded. Thus in the left
hearing aid unit the right channel of the stereo signal is discarded and in the right

30  hearing aid unit the left channel of the stereo signal is discarded. Hereby the required



choi ce depends on the systemrequirenents for the specific transm ssion
path. As an exanple the transm ssion format used for signal transmssion to
t he heariw@ 2aiode3t2Bensel ves shoul d be optim zed for req®CTIDKROE/DIHBMUM of
el ectrical power for the signal decodinggin the hearing aids. It is well
known to use an audi o codec algorithmin order to represent an audi o signal
with a m nimum nunber of bits while retaining the quality. This can
effectively reduce the bandwi dth required for transm ssion of an audio
file. ExanpPresessingpewicnicsdifedsong-decoming” vmly hal€orless thet of thejiraditignaldol by) .

In the presgnt  3RRIGH . Muiking - "QﬁJdi o decoder" refers to nmeans for
ed signal. e

decodi ng an audi 0 enco S audi o decoder" typically detects the
transm ssion format of the received digital audio signal and decodes the
si gnal appr RefereateisyfirstGnadests pom i, nbich shbes'adlebkaizgramdda'paprodedssasg t he

audi o encodi. of the given aydiq, signal,. "NMbno:decodi.ng" of.a.digital
stereo si onidi SYSiAm R RGP aeCﬁgWerY_ ORIcLAraR Ao Sieaeh ipfo GG gnal )
IS a praocesgeh§ioRalREording!thn eWBolibRitk oBIHRPQAANARIR. Fig, 6RARHSEs gnd the

other of the two 1nput stereo channels is discarded. Thus“in the |eft
heari ng ai ddigraltfilten eomfigymationté)Xiradhpted farprosssing e figstgingital inputisigeai6ed and in

the right hearing. ai nit.the left channel,of the.stereo sign j

i scar dod. RRSHY eel BBt SeLeTAg. St ErecPBf e FRyEENT g i s
only half ofepteeftinighaigh® trallifi@nillseded Linatl inoede? t6le@pel N1GrsPdigRalBHthit- channel
signal. Reference is first nmade to Fig. 6, which shows a bl ock diagram of a

part of a hugnal §§2-Arepresgntingg lefirbinamelstareqychangelypdt sspond digfaloWP¥r eo audi o
signal [nto.a. digh! ' . Si ' - di ment of
tha. pr elon sEnlcfe Sipr et Ehigh hfitathdestiREER TR I a2 RST TR
600 adapt edcHannelp0Qdésthe Rgmaofithe Sist digialtiaputi signat 6Gi-Dfinére® 6§ a Kirstelgiedent i ng
a left traditional stereo channel, and a secopd digital input signal 601-1
repr esent i nBlter GB3md the segend Yaug! iapy ﬁbgaak%nhghte%gzs P deson &l%ﬁf Eﬂ?f D4 i r st

digital outppyl,; 'tQJ'&i'i’al 9% tcb dBRAA$OP LD The JulmTtith PR URM RPA BRaLO®NNE!
and a second d?%l;lté u(gut pat sﬁ gnal 6021-r erlépr esentli nggg rlights%angtﬁlr al
st er eo chanfi¢red bhe thief dighalrfdtar D5 sudthesecond digital input signal 601-r filtered by a

15  fourth digital filter 606.

The first digital filter 603 represents the transfer function for sound transmitted from a

left loudspeaker to the left ear of a listener inclusive HRTF and room impulse response.

The second digital filter 604 represents the transfer function for sound transmitted from
a left loudspeaker to the right ear of a listener inclusive HRTF and room impulse

20 response.

The third digital filter 605 represents the transfer function for sound transmitted from a
right loudspeaker to the right ear of a listener inclusive HRTF and room impulse

response.

The fourth digital filter 606 represents the transfer function for sound transmitted from
25  aright loudspeaker to the left ear of a listener inclusive HRTF and room impulse

response.

Reference is now made to Fig. 5, which shows schematically a typical listening
situation for replay of a traditional audio stereo signal of digital origin through a set of

loudspeakers. Fig. 5 illustrates a stereo set 500, comprising a stereo processor unit 501



channel 602-1 is the sumof the first digital input signal 601-1 filtered
by a first digital filter 603 and the second digital input signal 601-r
filtered wo2a18@328d digital filter 604. The right binagcalpveym®ossshannel
602-r is the sumof the first digital igput signal 601-1 filtered by a
third digital filter 605 and the second digital input signal 601-r filtered
by a fourth digital filter 606. The first digital filter 603 represents the
transfer function for sound transmtted froma |left | oudspeaker to the left

ear of a |i%ddefeand Hghtlendspedhinr BnlaS0%bm listpraro03, with g aight carpf9¥@Bdag
digital fily arceig)@_ r mtted
froma Ieftgﬁou spe e?ﬁ?gﬂ%eﬁsgh{l]‘?erh{tég?Pﬁ{?&H s?éearlffgl(r%' Fﬁ%%ﬁ%ﬁéé@a F and
room i npul sthe tistsparasepositivmet] hin adocdng()&al filter 605 represents the transfer
function for sound transmtted froma ri ght | oudspeaker to the right ear of

a listener .inclusive. HRTEF .and .room.i n he .four

Filter 006 Hoirabons Shommnteiny Spik Fomd RS Barhe ReRCandPeakrend {oufie fiehfh
right | gudsfaeak@hsilierell e tHeabllowml. WheR sbundti§ eﬁmédrr%xﬁ%é/ﬁgﬂrﬁ@iﬁsﬁmef oom
i mpul se response. Reference is now made to Fig. 5, which shows

schemat i cal ﬂ(y-ratheyblecesound $pé manlgessthct ughtiean59%r firsspTheen, b reflactizelsaundnal

audi o stere nal qugh Qu ers. Fig. 5
illustrat esﬁ? e"r"%‘bs gqhg ?n%gsrm?rl moﬁ ang\{é gﬁﬁﬁr g’fesggngwlgj‘r’ﬁst A Eand
left and ritgeh sxhtgeuiécp@alepéa%ecﬁ&a}ﬁble {éﬁactronsénlthesdueﬂwﬁdlﬁg?walw(idv B..50ght ear
509-r and a left ear 509-1, receives the sound emtted from both

| oudspeaker® rearha@s severhasation: Iiercxample iastepngiortsound yathea Batdesapency r oom 508.
O hoaRP N eQonsd AR Hofth IAURALATINL RS LI @RLDE, il UridsQtrpeaker and
to the right "ear I's consi dered e fo n en sound is emtted from
the right Ireﬂeks@iesdmd "Blﬁgisrcallethdledhmpldse &epmﬂe'S(Pﬁenmpc]lsesespdsmsercoglainsear
509-r first. Then, the reflectjve sounds fromthe walls and the ceiling

(506-1, S‘Bg)r?i'?t‘%ﬁ?l?(\}‘ethq'—at‘}P’t‘ﬁ’é’F‘lprPB%“ fd°®&ves havi ng been subjected to

repeated mul ti ple reflections on the surrounding walls (507-1, ..,507-
The knowledge of the typical impulse response of various locations such as a Iiving

room, church or concert hall may be used in processing for simulating a virtual acoustic
15  reality. This kind of processing can be implemented in a hearing aid system, according
to the present invention, adapted to offer the user the choice between a variety of

virtual locations, that the user may prefer for listening.

In the listening situation shown in Fig. 5 the sound received at each ear of the listener is
a linear combination of the sound emitted from the left and the right loudspeaker. Head
20  Related Transfer Functions (HRTFs) are response functions that characterize how a
given single-channel audio signal from a given location is perceived by a listener. This
means that the HRTF can be used to determine the relation between the signal 504 from
the right loudspeaker 502-r and to the right ear 509-r and the signal 505 from the right
loudspeaker and to the left ear 509-1. Therefore the HRTFs contain information that is

25  necessary to render binaural stereo in a set of hearing aids.

The HRTF can be captured in an anechoic chamber, using a model of a human head,

with microphones placed in the ear canals.



n) reach as reverberation. If for exanple, a very short sound with a flat
frequency response is emtted fromthe | oudspeaker, the |istener receives a
ti me seriwe 20foube3refl ected sound. This is called the ‘Pcomi2ees/mesponse” .
The i mpul se response contains informati qpn about the acoustical properties
of a room The know edge of the typical inpulse response of various

| ocati ons such as a living room church or concert hall may be used in

processing for simlati gg virtual acoustjc reality. This kind of

processi ng a Hdoriming Rbhe dseseh! lavmputh@blaawakg;@%ﬁagne}eéafqyilckg haged he
present iny, PRAPE fs t Sufaed riety
of virtual ch{élf} g%s é]ggaltlﬂug fsg‘ﬁﬁlsn%@/regﬁﬁ;géttai"% ﬁ{igt enleS Fsrha@l%a

| i stening smbmahamuwwdhamlscaanegen&eréd@r&mamchlrs&cmved at each ear of the
listener is a | i near conbi nati on of the sound erritted fromthe left and the

right Ioud ker IHEPtt | at ed I nsf er. (ﬁnctlons fgff) al.e response
functi ons t 18"?’&5?3? &0 FLicet MY, alsodiepsnvided isiae & pumRe ofAIRMAUYS gnal from a
gi ven | ocatdRRfdrHatdé CEAMEsEsDNs will beSRRE! in tHA®. Means that the HRTF can be

used to determine the relation between the signal 504 fromthe right

| oudspeaker 502-r and to the right ear 509-r and the signal 505 fromthe

ri ght | oudslb%fall@éiie iamawiraaderie Higfly, whigh shows 2 higily sdesatic apdsipriifisd blskai n
i nf or mat i Onﬁh%é% ’Aﬁ%?%%%@{n Bdrsgélgﬁracé) rﬁﬂlgrté"ﬁn E{?%B@&eh{‘oﬂhé ‘fﬁesgﬁt hea“ ”9
aids. The capture anec , usin

human head, mw:rttia,nnanerhrmasS ® bai¢ efhéatinighaidseld0, cangrising ailleﬁnandmh{g]it rrent of
the present. invention the binaural stereq signal is prOV|ded Jbased on nore

than two diRsenag 2dd0a:L ardyH-R, eagh adepedifogireceiviag FB‘{!HTB apehdigdalinal s
havi ng 1pr edchady Jupﬁ) GHaN061, %nﬁ%ﬁhljik? cb ?H%g%efaﬁm@z nawzak f&tl%&e The

bi naural stereo ef t“may al so be provid usi ng a nunber of alternative
t r ansf or mat siaiﬂrnnubx:ﬁrmq‘tlsgnahmaam 103E, koeRrfor aud:ldnéecadtn.g sRelfrec@vizlemitgi-now

de to Fig. 1, which s hemat d Kk
of 5 part ohadiedEih g R ST RaRn G SR S P ICT 2 hr egent
i nvention. drido sibnalldskisith@éGfespoBhg 160 ande Rt B& 1RhES: 489 It &OORMItANEe a | ef t

and a rlght
hearing aid microphones 107-L and 107-R are not used for providing the binaural

15  stereo signal. The binaural stereo signal outputs from the mono rendering means are
used as input to digital signal processors 106-L and 106-R in each of the hearing aid
units. The hearing aids have microphones 107-L and 107-R, which pick up ambient
sound and feed it into signal processors, 106-L and 106-R. The digital signal processor
mixes the inputs and carry out the hearing loss compensation. The processors may

20  comprise controls for selecting among the inputs, or for adjusting the balance among

them.

Hereby an advanced listening feature is achieved, which would otherwise be denied
many hearing aid users because most hearing aid types does not interact conveniently

with head phones, which are generally the preferred tool for enjoying binaural stereo.

25  In one embodiment the receiving means is a Bluetooth receiver, and the audio device
(which is not shown in Fig. 1) is a Bluetooth enabled personal computer. Therefore the
personal computer is capable of providing the hearing aid units with MP3 coded audio
stereo signals. The audio decoder in the hearing aid unit is capable of decoding the
MP3 coding and the rendering transforms the traditional stereo signal into a binaural

30  stereo signal with a wider stereo image.



hearing aid 105-L and 105-R, each adapted for receiving a nulti-channel
digitally encoded audi o signal 101, and further conprising neans 102-L,

102- R f orwoeomimbeg sai d mul ti-channel signal, nmeans 10¥c¢irpk0B/dBofear audi o
decodi ng said received multi channel sigmal, nmeans 104-L, 104-R for nono
rendering in order to provide a binaural stereo signal using the
corresponding left and right ear hearing aids. It is noted that the hearing
aid m crophones 107- 7-R are not uysed for providing. the binaural

nd 1
stereo si gda|@°$ﬁbera¢3?f§&eaﬁ tg% Fervenepnans dirlgrorland thpqudiderised whshder i ng
neans are i t 1t 1 I ol ~R.in
cach of ¢ he e LI I8 ety iR haR BRGERRRIR O e Rt S "o
107- R, whi cirdgitolkllow astdyee pignaldo hel tramuhifted dlhietauidint decedgyimthegreadessdr s,
106-L and 106-R. The digitalsi | .processor mjxes the inputs and carry
out the heat? CP‘I"s‘él_l"cB eéWédatﬁlcg‘?ﬁad ﬁ%@?fﬂ §§Igle§mﬁér9“%f8%ﬁ4§§a ﬁ{"ﬁol s for
sel ecting afRBgsichal ihfoRWisaurstdred sighlll Wath H9ideR 8tk ipfage among them Her eby
an advanced |istéening feature is achieved, which woul d ot herw se be denied

many hearing aid users because nost hearing aid types does not interact
conveni ent | ltegnativelis sk naalksterog pighal ay proyuled basadyon hdigalehapuradisoupd! f or

enj oyi ng bi . reo Len e elVi. ans. |
a1 et ooth Ut Gaift Biofan B EFp ERHGEBY hb i hESGY VOB Ry,
a Bl uet oot hhayughhgdirpdhsaitg aidonput er. Therefore the personal conputer is

capable of providing the hearing aid units with MP3 coded audi o stereo
signals. T udi 0. decoder in.the hearing aid ynit is capable of codi ng
the MP3 _cogilg‘?fgreaﬁ’d‘stnﬁ&’ rfl_@fiﬁf@?ﬁl&g},w hg¥a hmlﬁyﬁ?@&}%lp&ﬂ%ﬁlﬂ@é@ﬁ%g?%}?gna|
into a fy nadiéérhmﬁf%ﬁfeﬁrhgg Qiﬂ%&st%tahc&dl‘g?‘i'@ﬁni&h&f SRbddTRER o TheARPIIHBE. Fig,

embodi ment the receiving neans is a telecoil and the audio device (which is
not shown iaillEsigatesitheihsaring aitl eystérh 289, gepenatljiaompusing er assadiast advice 202,

pulse-widtgl odiing, i,n _arder, to %W tereo si |, to be transmtted. The
Budi o decodsh o ERURRBRE Aras A0t 2B e e DhRNR B BPapi®Eoded oi gnal
and the rendediling Mdafd30Prorkedelng 4 ARkit-LIRARk] SikREIBPerRbIPAudidisnA 201 naur al.
stereo signal with a wi der stereo inage. _ ) )
. from an audio device (not shown in Fig. 2), an audio decoder 205 for decoding said
15  received multi-channel signal, an audio encoder 206 for adapting said received signal
for transmission to the hearing aids and transmission means 207 for transmitting the
encoded signal. The hearing aids 203-L, 203-R further comprise receiving means 208-
L, 208-R for receiving said transmitted signal, decoding means 209-L and 209-R for
decoding said received signal, rendering means 210-L, 210-R for mono rendering in
20  order to provide a binaural stereo signal using the corresponding left and right ear

hearing aids. The hearing aids further comprise microphones and signal processors (not

shown in Fig. 2) configured as discussed above with reference to Fig. 1.

In an embodiment the associated device is a hearing aid remote control adapted for

allowing cable connection to a streaming audio device, such as an MP3 player.

25  The hearing aid systems 200 and 300 (refer to Fig. 3) may further comprise additional
associated devices. An example of such a hearing aid system is described with

reference to Fig. 4.

Reference is now made to Fig. 3, which shows a highly schematic and simplified block

diagram of a hearing aid system according to a preferred embodiment of the present



Alternatively, the binaural stereo signal is provided based on a digital
surround sound signal having nore than two channels. Hereby a user may
enj oy vi rwoabimgs2eund sound through a pair of hearing aCiDK2REi@piace i s
now made to Fig. 2, which shows a highlygschematic and sinplified block
di agram of a hearing aid system according to another enbodi nent of the
invention. Fig. 2 illustrates the hearing aid system 200, generally
conprising an associ ated device 202, left and right hearing aid units
203- L, 203-Rventiop- Bigsdeliusiratgs theheaung aidsystewsd 0P egcaetally SompRISEIS 204 f or

receiving 1 j1al : audho 1 Skgnal an audio
devi ce (no'?a Sg%é%%d :&%ﬁ%‘gﬂz %ﬂdgkg?i‘{‘%ﬁl 0 8@@%%@%2@% ’ ? g?ﬁdgggé?shgﬂ{sygi d

recei veg npddvicrad?ﬂ]mr&bnmirig@miepei&imgm&iiﬁm%ﬁmgdmeivm%a hmﬂtii-ahhmb] digitaldy d
recel ved signa or..tran sion to. t ring akds and trapsn] ssion neans
207 for trafASAIGIUd ilﬁ?ﬁ SREcHpcthaq %a%r@?f’ﬁéor pHing the rage_lz%sﬂmﬂl_,tl-zoa- R
further <Conahsd s{gRee 93 0B>FP Perd@fng the déOGTR s%@%l nGFLbhig] Sitded
transmtted signal, decodi ng nmeans Zd§-L and 209-R for decodi ng said

recei ved siggrl, measn dey iforgnoeding thzindural 3kdedsignal forgramsmessmartowerds theor der

to provide a hinaural, stereo sj | . using.t correspondi ng_l.ef.t and right
car "hear | g 8N s AR ean Ler o Hine s fReUET BERH sVarELeRE o1 ghal
processors Kdafhg s#1930311) 363-R. TAk he@id S RethasScodpiiy sixads 300V 80VIR for
reference to Fig. 1. hi an enbodi ment the associated device is a hearing

ai d renpt e Eesivingla teanspitted signal, mdapsp HyLead Bé0dofor aranosigceding thetreesiyadng

audi o devi c C ) . - i ng.. al 300
(refor [o pogret fftheR5m@hopide W EuRl ol xRN MU BRURIR-CH BB °0
exanpl e of @mucdssas (wAarshswgn i Figsysdoafighed dedizcuedlabuve withederameao Fip. Fi g. 4.
Ref erence is now made to Fig. 3, which shows a highly schematic and

sinplified Rl ock diagram of a hearing ajd system according to a preferred
rbodi ment BFebhe: pRGCEH Wsioring Feamiee B aghiessd PebettcampEomibesisdmg ai d
system 300, c|88A&1 pblv¥r £QUREM SIS th AP h8sRRHIA REmHGViCEecald BB dssbefateqand
right hearing aids 303-L, 303-R The associ ated device further conprises
recei vi ng ndeyies c@gzesfout thestgrial/progesainguequiired harthebinalirgi sterep yendering.
15  Additionally the decoding in the hearing aid units has been simplified to so called
mono-decoding for additional savings with respect to size and electrical power

requirements in the hearing aid units themselves.

Furthermore, the resulting binaural stereo signal is less sensitive to possible distortions

of the signal transmitted from the associated device towards the respective hearing aids.

20  Reference is now made to Fig. 4, which shows an illustration of a specific embodiment
of the present invention. Fig. 4 shows a DVD player 401, that supports DVDs with
multi-channel digitally encoded audio. The DVD player is connected to a television set
402, a surround sound amplifier 403 and a first associated device 302 dedicated for
binaural rendering, encoding and subsequently wirelessly transmitting the binaural

25  stereo signal to a second associated device 404, which is adapted for relaying
wirelessly the audio signal further on to the respective hearing aids 303-L and 303-R.
The second associated device ensures that the wireless signal transmission consumes a
minimum of electrical power in the hearing aids. Hereby the hearing aid user can enjoy
the full benefit of the audio surround sound that today is a part of many DVD movies.

30  Furthermore it should be appreciated that the complex and therefore power consuming



encoded audi o signal 301, an audio decoder 305 for decoding the received
mul ti channel signal, neans 306 for rendering the decoded signhal into a

bi naur al woeonmmw4sizgnal , nmeans 307 for encodi ng the bi narcalipbey®o3esi gnal
for transm ssion towards the two hearingsai ds and neans 308 for
transmtting the encoded signal towards the two hearing aids 303-L, 303-R
The hearing aids further conprise neans 309-1, 309-R for receiving a
transmtted signal, neans 310-L and 310-R for nono decodi ng the received
signal in theaEaeRdssBgaTeRsss scarried Ul by Hre fhakasserdated devien fhat gy be

m cr ophones

di scussed %@\E/{gctg&l tg)hm‘{jé’Va EﬁgnceBPéseé@ﬂhe%g%r ycll:%%i %%%/(gﬁa%g ]:Ilgsa'?igﬁl ng
feature is adhﬂmvwdlmmhhﬁybemeﬂy@uwekﬂg size or electrical power
requirenents in the hearing aids thensel ves, because the associ ated device

carries out nal roc ssing r r t he bi naur st.ereo

Conder g it crRganey ey wthehds VR e b A s T e e
simplified fRt &Qo&ﬁ%ﬁ@é'w@@ﬁ@cGﬁt%éde%tﬁ@lrgltMak'c%léé savings with respect
to size and electrical power requirenments in the hearing aid units

t hemsel ves. Furthernore, the resulting binaural stereo signal is |ess
sensitive tk avethsr pmbodimsnbthe ifisst @ssopiafadedeyicgrmctions asbase stetion fayrihe he

associ at ed t [ ce is now
made 1o B i SRbaiBL HBukOd FRAGE DY Feclif iR RU R FIERERR A N, "ot ¢ e
present i nvigdatingaid remdte cbnebbws a DVD pl ayer 401, that supports DVDs with
mul ti - channel digitally encoded audi o. The DVD player is connected to a

tel evision t a.surrqund soun I|f|e a first aSSOC|ated
ovi ce 302 QT BRALAHOR ﬂaa?téqnsrog tjlre tﬁ@cijsa%l& bemyudegtient | y
wirelesgly thbaskimddtihmek 4he binaural stereo signal to a second associ ated
device 404, which is adapted for relaying wrelessly the audi o signal
further on to the respective hearing aids 303-L and 303-R The second
associ ated device ensures that the wirel ess signal transm ssion consunes a
m ni mrum of el ectrical power in the hearing aids. Hereby the hearing aid
user can enjoy the full benefit of the audio surround sound that today is a
part of many DVD novi es.



Furthernore it should be appreciated that the conpl ex and therefore power
consum ngbi naural rendering process is carried out by the first associated
devi ce, tweatomau3ize connected to a wall plug as opposedPCo/IKe0s®oIHAd
associ ated device and the hearing aids tigat will normally be battery
powered. h an enbodi nent the tel evision set, DVD player, the surround sound
anplifier and first associated device are connected with digital coax
cables. In another enbodi nent the first associ ated device functions as base
station forcrLhevsecond associ ated device and wherein the second associ at ed
device functions as a hearing aid renote control. OQher nodifications and
variations of the structures and nethods will be evident to those skilled
in the art.CLA hring aid system epnpiisingsd/ eftand agight hejrig aid prd @ regdering ri ght
hearing aid and .a.r [ ' i [ Vi: i s adapted
for receivingggﬁganggﬁﬁH§%§g§¥ggﬁﬁfﬁg%%§%§5§332%§@g3§f%§a &ﬁgﬁf%ing at

| east two audidégifallpehcaled aadis sipgndl dediningeatdesst g dutkio pupstieagisgnadlfe defi ni ng
a binaural stereo signal and .for transmtting the two output signals as a
left and a ri gideriagie eupys enals defininges pippurpl stergo pigaald JALMSEIURG ai d,

each of said tidsl an&t%ggggggs h&at Llpﬂa Abk @m&wsi%?@ﬁgqm@ﬁa% £oad

pl ayi ng a respective ren signal. 27 The hear system accor di ng
to claim1, wheargignideach efiskid firsgantbsdcord beampgiaskbavangingartsefbr dédotimg

configuration m@e{ein each ff thg t*o.o tput signals is provided as a
l i near sum of 2BY BIAWYHE 3 FRIYET BYVEF §¥BHs of all the audio input signals.

3. The hearing aid systemaccording to claim1 or 2, wherein the rendering

devi ce conpyri 9B hdariGCAl ¥piterh QEcor@ing ko E18ln 1 Nehéteil thétdndemicasiast audi o
signal. 4. The hearing _aid systemaccording to claim1l, wherein the
renderi Hy dev ice@pngesmgtt@@ébﬁoufwwéwn ehereia cachrfdhe prr owpyirignalyjy
subjecting th . ti: FO | - nt
cross tal k.  5PrdediePatl fel ARGk CaRRnt Br ol BRARREYRRAIET i ng
claims, wherein the

3. The hearing aid system according to claim 1 or 2, wherein the rendering device

comprises a receiver for receiving the digitally encoded audio signal.

4. The hearing aid system according to claim 1, wherein the rendering device is
15 adapted for rendering the two output signals by subjecting the at least two audio

input streams to frequency dependent cross talk.

5. The hearing aid system according to anyone of the preceding claims, wherein the

rendering device is adapted for processing a multi-channel audio input stream.

6. The hearing aid system according to anyone of the preceding claims, wherein the

20 rendering device comprises a user input means and a remote control output.

7. The hearing aid system according to anyone of the preceding claims, wherein the
rendering device is adapted for rendering the two output signals by subjecting the at

least two audio input streams to a head related transfer function.

8. The hearing aid system according to claim 7, wherein the rendering device has
25 means for selecting cues for the head related transfer function for simulating a
specific listening environment such as one selected from the group living room,

church and concert hall.



rendering device is adapted for processing a multi-channel audio input
stream 6. The hearing aid system according to anyone of the preceding

cl ai ns, whereiom4size rendering device conprises a user i ppuiDKB@&®ORFId a
remote control output. 7. The hearing ai;d system according to anyone of the
precedi ng clains, wherein the rendering device is adapted for rendering the
two output signals by subjecting the at | east two audio input streans to a
head rel ated transfer function. 8. The hearing aid systemaccording to
claim7, wher dhghearmgaid avstsm goepading & slain ﬁe\aﬁ@remdhe @@sé@&mﬁger@eeggf or the
head rel at ed hEﬁ@éflf\fe IJeHHﬁ%ﬁ\%ﬁ ea%hHH%ﬁ{e'araguﬁlcqﬁ st ks J)ﬁs%to?ﬁ ted

envi ronment such as one sel ect e romthe group |ng r80n1 chirch and
concert hal | . Qcoubtieetmammimegt.ai d system according to claim38, wherein the
cues for the rendering device have been derived by neasuring the acoustic

i mpul se res e of a selected acoustic envirgnnment.. 10, .The heari aid
system accof%&ﬁﬁ F%“%&ﬁ%st‘iﬂ“ AEGOLAIBE L HHIORG OE&&lpﬁ%"edWﬁé 1, ‘f’%eéelrnéﬁ‘%eri ng
device is a p%ﬁd@ﬁh@de\h@éffsearﬁbrﬂagmﬁférﬂgyw&%d ddylice. The hearing aid system
according to anyone of the clains 1 wherein the rendering device is
powered froma wall socket. 12. The hearing aid systemaccording to claim
11, wher ei nlk fie hearinerdidh gysten aecordiggita imsioap by thewlaims drie Sawhersinethst at i on f or
a hearing ai drén%g% \g@et{sg)loWe;%fr&]walf&%&&r replaying at |east two audio
streans in a parr conprising receiving the at least two
audio streans in a renderlng device, processing the at |least two audio
streans i n Ih&he aeatrg did syiearh aecording todaine 11 woheveih phet readgirg) devitef | ni ng a

bi naural stere I trans tting the two output signals fromthe
renderi ng dev?g@tla%agxﬁl@?ttonaﬁa asersiaen fohbrariag r@ﬁlgre%%lra left and a

right hearing aid, and playing a respective rendered signal in each of said
left angy ri oA Redol B8k RpMying at least two audio streams in a pair of hearing aids,

comprising receiving the at least two audio streams in a rendering device,
processing the at least two audio streams in the rendering device to produce two
output signals defining a binaural stereo signal, transmitting the two output signals
from the rendering device as a left and a right rendered signal to a left and a right
15 hearing aid, and playing a respective rendered signal in each of said left and right

hearing aid.



