METHOD OF RENDERING BINAURAL STEREO IN A HEARING AID SYSTEM AND A HEARING
AID SYSTEM FIELD OF THE INVENTION The present invention relates to hearing aids. The
invention, more specifically, relates 5 to a hearing aid system for rendering a muIt| channel digitally
encoded au&(‘))gfpwgﬁﬁ% a binaural stereo signal. BACKGROUND OF R
US-A1-20080008341 discloses a hearing assistance system that presents sound to both ears of a
user wearing wireless hearing assistance devices which is derived from a tosingle 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

i phase shifted 1fieRdh R ERMIA AESERRTIANSREL I A AERRIREIAANGALY the phase

shift arises from a constant time delay or the phase shift arises from a constant phase shift at all
15frequencies. IrfOther BRHTAIM At ST frﬁgse 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 théEsdtAH PrdsBRERNIdMe 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. 20WO7Ad 2366 133hE8ndidetesesetiening Hid inysteion adaptaadiiculiyeteass

communications BeienAne.0r K WIIERe Ao devisraaRmo et leslinpigs, or providing e.g.

streaming audio and other enhanced hearing functions. Mono and stereo communication modes are
supported in variBis Hipwalsienstsigidne embodiment an interface device has a first port, which is
adapted to receive information from a 25communication device. The information is subsequently

processed or forra&HESFHPERUNEY, HAE MBAENTHEY wirelessly to one or more audio devices. In one

application, streaming audio packets are received from the communication device and in some
embodiments thé StrehRIPRPLUEAA ididrl starebeatihg dssigrines gdevicha areteatsbdte tgghinformation

that is received by, ther PIRRELWHRIES AR ARW GG RICSEREs NG HGERRrived from a

10 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 fo 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 embodimenf 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 strearning audio is in stereo. The interface device can transmit stereo

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



WO 2010/043223PCT/D1C2008/000363 2 nature of the information. In one application the
communication device includes a computer connected to a content source over a network, such as the
Internet. In one application, it includes a storage device, such as an iPodTM or other streaming audio

device. In onEAHPUATES it includes a connection to a wireless audio soﬁgg{qﬁzg?\%"ggﬁf)licaﬂon it

includes a wireless connection to a Bluetooth MP3 pl%lyer. One application includes a wired stereo or
mono connection. WO-A1-200674655 discloses a hearing aid system, which enables signals of
arbitrary origin to be transmitted from a portable module to one or more hearing aids. This feature

may, for instanBeuFeY SainEratiete IR LRERYFaRINS GRS R melsiRg S WRPFBmM the portable

module. The trapsipissiesnatdatadaayhentrantrad e nahveou GacsUs hastearisanaheomputer or
similar appliance, wirelessly ta the hearing aid via the portab%s; ﬁﬂgfgule.ags-Al-ZOOGOo 8497 discloses
a communicati@RPLGEHSH: thSIAISS & SR IRBATIAL, SUT LR AN M BFFTERRES R signals can
be created andddireetéal dpethmliceis lrint mdsd kghhesnnTibis wiedns thdidtstaipessibdador the left and

the right eay of & user o be fed acoustic sionals whish arexslignilenhase sfiftes and adapted in their
amplitude, so tAR thE' e er gePs thé Impression that an acoustic signal generated or stored in a hearing

aid or communigplioatisysteindss eomind) sievae arsperificodiresdiion of the space. The user thus gets the
impression that the acoustic signal originates from an acoustic signal 20source with a certain position
in the space. UGB1xp438624% sistlRfae s mathag {or itsRasingushatiabryemsiaia dlursility-¢f audio input
signals using synthetic head related transfer function SHRTFS). Herehy the plurality of audio input
signals will be ﬁé‘%@i@e‘&emﬂ@‘%‘éﬁg’?é’rﬁ%ﬁﬁl@ﬁ WBf?ﬁlgté’o?F@soﬂéﬂ%ﬁ%bggﬁﬂﬂé)ﬁféso 2determined

directions. feature may, for instance, be used for transferring digital audio signals to the hearing
10 aid from the portable module. The transmission of data may be from an external source,
such as a personal computer or similar appliance, wirelessly to the hearing aid via the

portable module.

US-A1-20060018497 discloses a communication system where exactly matched, but
gen;arally slightly different acoustic signals can be created and directed to the user's Jeft

15  and right ear. This means that it is possible for the left and the right ear of a user tobe -
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 sjfstem 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.



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 BRRYULERR achieved. WO 2010/043223PCT/D1(.2008/00636 3 &R ¥050117762
discloses a more computational efficient implementa%ion of HRTF filters with no detectable
deterioration of output quality. This invention uses a cascade of resonators and anti-resonators similar
to those used in speech synthesizers to model the vocal tract transfer function for implementing HRTF

filters. Further B 2Ag8oAM 1762 iscines 4 Wile FLTRREYRTRY & Frbarlemg i ionRE channels of

audio is discloggmiTFinad WitkabsisteotbR ayaiesiaimhicbuepuplamrigoniikme thabirysie localize

sounds in virtual space using head-related transfer functions (HRTFES). are disclosed. For replay of
sound there arE28CATHAAFBRATARS AT iSEs RIS SETPLHIAS HHse quan’r?es‘i‘qf?éhgﬁﬁéﬁ%ﬁ%%ﬁ)nd, and the

sound can be raptayetkpaisingleriasis fierken fooitiplditicmat SHERAT fEpisy Fuvhat@mnnels are
provided, and the listener will normally. replay them using two loudspeakers. | ers will
preferably be aan%)ﬁg}e‘ ?rt%at cer?i‘ls%éﬁiﬁgéﬁﬁegg%rxedt\%ﬁlg?vg %cew |§%ienr%§rlli?r§ a%q[(r?ig?%g ea?ﬁ %%Iq%%{%?g[ances to
the listener andadtbsedwicieaip aoimgl syrromadriyaieaiso uthink dioelng a goratansa@aiiraddon of view in

Loorder to offef e /DT ARABheRaHe Res RislRPBRAIIAS OhoAK pRhainer sound bits

will normally be optimized for this kind of listening. Other sound formats used today are surround
sound systemdligfesidle, 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 heackgnaytbesewtdrneteae 20acatburioDitha o imdsavherelny thpldistbaerizanedistinguish
among th?ﬁsouéggr?ﬁel of sound, and the sound can be replayed by a single loudspeaker. For
traditional stereo replay, two channels are provided, and the listener will normally
replay them using two loudspeakers. The loudspeakers will preferably be arranged in
the listening theatre vis-a-vis the listener in a triangle in equal distances to the listener
and with a wide spacing symmetrical about the listeners preferred direction of view in
15  order to offer the maximum of spafial 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 shoricoming 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



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" 25It is an object
of the current invention to overcome this shortcominé 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. 4 drawback when listening to traditional stereo signals

streamed 10 PALIENGAIING:ddRANE Malkisshheadng aidsysemrrRABIS pliendeding pinayral stereo

signals that may relieve the hearing aid user from Iistenin(% fatigue. This can be done by introducing

frequency depbhdetecroBearine pedvEEstheniRi oharstsraw iaraiTHereel i Bendn thetenily fatigue
may be providggl.by ala%ﬁ{goaﬁltsgaa%tqmg;ge%a@%wilm knavg iBoihe irtikRARY dpany

home entertainment appliances are capable of providing the necessary output to drive a traditional

surround soufigaiEentorsnde@ntséth i svphsovnditicad prides sigsalsd Serirdialfmghearing
aid users prefgliig;Ravadbel hegring pidadinked dingeivde srouibiadalrvisiongulY R Riayesand in this

way bypass both the television speaker and hearing aid microphone. Hereby e.g. ambient noise and
reverberationSiRHIhBY thtetfere with the television or DVD signal and it therefore becomes possible to
improve both the signal to noise ratio and speech intelligibility of the audio signal. However, a digital

surround soundd&ignal canneineecpiayenack ity dhrouobnsasrt of heariopids Hdssamabject of
the current invention to overcome this draWPBgéck by @roviding a hearinaﬂg?géd system_capable of
delivering binSBFISRASH SR HAR R LB HECHRY B SRR B SEteive the

surround souensigizal ftrigld aeetdofNigayingaids. HEMWARYefF & HizNWeN HENhEhadavention,
in a first aspegt, provides a hearing aid system comgprising a left hearing aid, a right hearjng aid, an
associated dalikES RS e RIS AL Sl Bl SOaaRLeh G Belthy SHpRRHA0 BRAANS encoding

an audio signafidafingsptikast avtbefhantha right audispinpie sHeamy said rendesngdaRansaeing
adapted for receiving and decoding said digitally encoded.audio si for providing a_left rendered
Cional by a frES BB O hGHEn e Vi RS B AIHS LAy Tt g RS
rendered sigraldoyhasseanitddinear st totigitaly filttdredniessiens ahalkpaechudielinpbilsireams, and
for providing the Iefi%and trﬁf right rendered signal to the left and the right hearing aid, each of the left
and right heaF gag < HED iy means for decoding and 4a playing a respective rendered signal, said

rendering means either comprising a left hearing aid rendering means in the left hearing aid and a right
hearing aid reddering melpgdhstireorightsheadingead cantyéihg prywd bddn diveclystuoiatell device and
adapted for vgPaiiiode 'eans Ao serdsied sanalis e ISLand g Cobl pearngyAid, the
left rendered signal representing a left'binaural stereo channel and the right rendered sigha
representing anightibgnabearisigred gragmeiapable 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.
SUMMARY OF THE INVENTION

The invention, in a first aspect, provides a hearing aid system comprising a left hearing
aid, a right hearing aid, an associated device, and a rendering means, said associated
device being adapted for digitally encoding an audio signal defining at least a left and a
right audio input stream, said rendering means being adapted for receiving and
decoding said digitally encoded audio signal for providing a left rendered signal by a
first linear sum of digitally filtered versions of all the audio input streams and a right
rendered signal by a second linear sum of digitally filtered versions of all the audio
input streams, and for providing the left and the right rendered signal to the left and the

right hearing aid, each of the left and right hearing aids having means for decoding and



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 digitally encoded audio signal
defining at least two audio input streams and for rendering two output signals defining a binaural
stereo signal and for transmitting the two output sigiidls 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. 5 Hereby an advanced listening feature is achieved, which
would othe{@ﬁh&%@ﬁﬁﬂa@yﬁﬁ@ﬁm @i@nﬁ&,%ﬁi@ﬁ@ﬁﬂ@&d@@ﬁ%ﬁﬁ;?éﬁ@eaido&)@%idg% Ilmt interact
conveniently with head_phones, which are generally the preferred toal for enjoying pinayral stereo.
This advancetffEfshig f&’é‘éﬁ%‘%’&&ﬁ‘?é\}&?%%&g%ﬂﬁrﬁ&ié e 58&3&@%

requirementsfxihe inaadnppithenitsthRnsehewss besadse theheaskingdaldcrcandesiapicthe signal
processing required by the binaural stereo rendering. Additionally the decodjn in,tgrlg gear,in aid units
st e A i R e
electrical powga requissmentiadtheshgaringeaidiunits themselvesl Rurtoetimorel making thghrendering
processing in the rendering device avoids distortions because the pinaural rendering is only carried out
once, as oppSRMIFTRS SEHY CRFRGVEEA BEM Eﬁ?ﬁﬁ‘b%‘i’&%"iﬁg dently of each other and based on
an input signal that may have been distorted during the transmission from audio device to hearing aid
Finally the nethssaryviddrduvigthrneg) aikk d oethesignalittarsikitted doathiehtebemrggidslismdduced in
cases where {he;aumbst.of channels nhe iecalvad mulfl chamas! dialiall epcaded augie sional
exceeds the tWo ChARNEIS tHat are reqwregjl or flr%nsmlt?ing 4 Binaural stereo gignal. The |r§/ention, ina
second aspedignrdiidesadnkthad dosippplagirigatdeatsitasd awdiastieampin sipainofandafing aids.
According to {ic sacond aspest Wghe s piayvided malpd IR SpIRg # fishand fiagaend audio
stream in a pair o riﬁegarlng aids, coﬁ?prlsmg rec%lvmgzﬂ% first and the second audio stream in a
rendering meams, quipoessinglthesfiastedindnthe segunchrdetiol stigeah soirtlthdirendedirtherseamsito
produce a firsf Quibyh Rionaliby A listdinear Pl LQlial g ed YT signnCLhadieliapd fhe second
audio streams anda sebon&loutbut agnaﬁ%y a second lin€ar sum o %Ilglta y fltered versions of the
first and the sgleping auckipestizamsdmadsngittihg the first and the second output signal from the
rendering means 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, the first output signal representing
a left binaural stereo channel and the second output signal representing a right binaural stereo
channel. 5a This provides a method for replaying 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 bearing aid, and playing a respective rendered signal in each of said left and right
hearing aid. 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 WO 2010/043223PCT/0K2008/000363



6 By way of example, there is shown and described a preferred embodiment of this invention. As will
be realized, the invention is capable of other different embodiments, and its several details are capable
of modification in various, obvious aspects all without departing from the invention. Accordingly, the
drawings and descriptions will 5be regarded as illustrative in nature and not as restrictive. In the
drawings: Fig. 1 illustrates a highly schematic and simplified block diagram of a hearing aid system
according to an embodiment of the present invention; Fig. 2 illustrates a highly schematic and

simplified blodkeerbyretedy eprehistpainesianens ateshimiecio uhisthsropierethsevasatuuitariat of the
present invenfipn, 1ikith Sail gl lesagh e iemaicand,siturlifigd,plack-fiaotam gfiapgaring aid

system according}to another preferred embodiment of the present invention; Fig. 4 illustrates a highly

HinkeRaRBANGS aHEehiAtS sRneAts tharraedied wohRsthuppietdinashidiment of the

schematic im
present invention; Fig. 5illustrates schematically a typical listening situation for replay of a traditional

15audio sterephsignalihcatightanmair Rhlaudspeskrisdandikig: @distsatesa Rigblysinrlifies block

- diagram of a part of a hearing aid system for rendering a traditional stereo signal into a binaural stereo

signal accordMfJtd SrfBHTEEdhen Yt BN IR RS AP EB D ES CBISTRIN'DBH order to
more fully detaitthee presrndiventicresome dgomedusethinvinedsriaiion Rhtheinpveninnare gxplained

inthe fonowm%e 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, making the rendering processing in the
rendering device avoids distortions because the binaural rendering is only carried out
once, as opposed to being carried out in both hearing aids independently of each other
and based on an input signal that may have been distorted during the transmission from
audio device to hearing aid. Finally the necessary bandwidth required for the signal
transmitted to the hearing aids is redﬁced in cases where the number of channels in the
received multi-channel 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 the second aspect, there is provided a
method for replaying a first and a second audio stream in a pair of hearing aids,
comprising receiving the first and the second audio stream in a rendering means,
processing the first and the second audio streams in the rendering means to produce a
first output signal by a first linear sum of digitally filtered versions of the first and the
second audio streams and a second output signal by a second linear sum of digitally
filtered versions of the first and the second audio streams, transmitting the first and the
second output signal from the rendering means 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, the first output signal representing a left binaural stereo channel

and the second output signal representing a right binaural stereo channel.



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

- the user has difficulties in perceiving sounds. The prescription is based on a hearing test, which results
inan WO 2010/043223PCT/01C2008/000363 7 audiogram, signifying the performance of the
hearing-impaiféé meeridesrapet asetrinep Avieanrgaai dtopiptie strentes op bl afibraphenels, a
battery, a micygelsGUARicCliCHiCRRRIINAG wmiiera&eaﬁﬁgﬁna@%ﬂa&&&uayawpf&@wucef-

The signal processor is preferably a digital signal processor. The hearing aid is enclosed in a casing

suitable 5for fifingf Betsinther sdchefsam 4. ipasrderphdneicn thepredimsghuil copvesigsdainds from
the surroundiggg,ipte %iﬁaﬁmt&l&p%ﬁﬁmmaﬁmt%gﬁaﬁragﬁ%%&ﬁltﬂ% heafipgpid
(0}

converts the analog electrical signal from the microphone into a digital form by virtue of an
analog-to-dig 8V S ivettest! and siisbbstnsisraignandriscedelihand casfideuing #id anitlagdmain. A
hearing aid may.come i, diffRrentayiesn S4eh A irPehingatberr abARIEJidn-the-Ear (ITE) or
Completely-in-Canal (CIC) types. In the present disclosure "a hearing aid system" comprises a pair of
hearing aids, in order to allow replay of binaural stereo. In addition to the hearing aids themselves the
hearing aid sytEAeH émﬁq}?ef%rﬁsr hprardeupdha o gedrmsadsny Sitites adapted for wireless
audio streaming to the hearing aids. In the following the associated devices 15 may also be denoted
rendering deitcgkofhke dgaesaltcmpaectict dexiogpasvilp posen capisaeniate thdeyidal iirantiering
device, includes all sorts of devices, capable of delivering g digital audip Qutput such as e.g. _
televisions, D %ré)cl%rt grs%%%%&%e‘?g%ﬁlggo&av)‘/fg%eé%%%ﬁén 6 %n%g%’%en}‘f/%%la omghgtnﬁom these
devices will bexplaiundi-ohgruaeirdigisdlly encoded audio signal. 20An audio signal, in the general
meaning of the term comprises all the sounds that may '

BRIEF DESCRIPTION OF THE DRAWINGS



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@ﬁ&ﬂlglé"‘é?ﬁ? Bluetooth 25receivers, FM receivers or digital pTEaéDﬁaf’ Bt&% 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 trdehtiSaapherioRie (Beri§samsvara datsighipsiave sobodimasy o8 e
T/DK2008/000363-&iRasQRaAnlede-assiin@omietendeddgudspsakat niagemainistiimaisdegrees

relative to the listener. The gqieneral term "rendering"is used to refer to a digital transformation, where
an audio signaPfi! &8RRI aTaSaPaRG S MO R GR tHar g AP IOPHRASBSREBE for being
Sreplayed to a wahbu: depuiiniiirehatirdhdigtially Lneedead au odsighag cemalistiptivasesilian two

channels may e tendered.for [elax. by only. b channcls. i s piesant disclosure “binaural
rendering" refers {65He process where any mutichanAe! |gﬁaﬁy encoded audio signal is rendered for

replay of binaural stereo by two hearing aids. A specific type of binaural rendering transforms a
traditional digit&Hg 1  illustrates a highly schematic and simplified block diagram of a hearing aid

system according to an embodiment of the present invention;

Fig. 2  illustrates a highly schematic and simplified block diagram of a hearing aid

system according to another preferred embodiment of the present invention;

10 Fig. 3 illustrates a highly schematic and simplified block diagram of a hearing aid

system according to another preferred embodiment of the present invention;

Fig. 4 illustrates a highly schematic implementation of a hearing aid system

according to another preferred embodiment of the present invention;

Fig. 5 illustrates schematically a typical listening siteation 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



10encoded audio stereo signal into a binaural stereo signal. Binaural stereo is explained in more detall
below. In the present disclosure the term "mono rendering" refers to the process where any
multi-channel digitally encoded audio signal is rendered for replay of only %n?z of the two channels

required to d’gﬂ é{’é{%’lﬁgural stereo. Therefore replay of binaural stereo il 153]/) o' /g%{)r?iﬁag aid units

using the mono rendering process, requires the procéss 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 sterecPEARSHER RiESHENE HirRaPIRRPase hibnBARES MR o agssBeifet GANPEalf the
20processing poweakakthe Kingak eriaring Prekesshol®) ulbehkannehaigracismcigralithat includes
two or more channels intended for simultaneous replay, e.g. by respecti sg_ea ers. Stereo and
surround sound PREBRITEG IR B HHRECHA A S T B TG e AL SRt are
Channel Surroungteldbatdyls & dltad Oumllprockssorl The Rearig22dds 2hdtothe ipresasitiglsatigddare "binaural
stereo” is provided. by simulating.or improving a.multi-channel. digitally encoded audio, signal using two
hearing aig uni%‘%% lgnl%&{ﬁeoﬁigtﬁg%%fnp%gv%?ﬁg lfﬁ(gjl?lr%rf%{rér%%%éongi%tasl o?oﬁ%eces;sssgilr%%g
multi-channel digitallye sncodedings ditosigantinitielvsiaerd smmabtiths sligithl st aioressatiods to

simulate a multidimensional. soung figld fab 2 dsarveaing W Getng. sty Binauahisigreo and WO
2010/043223PCT/01C2008/000363 9 the various methods for providing it is further described below

with reference {grp:igygyigtﬂg q:f,@n gualog-to-digital converter, and subsequent signal processing is
carried out in the digital domain. A hearing aid may come in different styles, such as

10 Behind-the-Ear (BTE), In-the-Ear (ITE) or Completely-in-Canal (CIC) types.

In the present disclosure “a hearing aid system” comprises a pair of hearing aids, in -
order to allow replay of binaural stereo. In addition to the hearing aids themselves the
hearing aid system may comprise one or more associated devices, e.g. devices adapted
for wireless audio streaming to the 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 aundio 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 cabies. 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



In this application "transmission means" and "receiving means" should be understood as means for
connecting audio devices to the hearing aid system and means for 5 interconnecting the various parts
ransmitiors S FUAKERs, othor wireless digtal ransmiter and receiver Spa Soea lugs and

, gital transmitter and receiver types, optical plugs and
cables, digital coax plugs and cables as well as any other type of wired or wireless transmitting and
receiving means. Thus, in the present application such transmitting and receiving 10 means may be

incorporated in both the audio devices and the units of the hearing aid system. The transmitting and
receiving meaﬁ?ﬁ?’fﬁ@%ﬁ?ﬁ?ﬁ%ﬁ%lﬁgg%eﬁ&%y al 2 W degrcss refaave |

gqﬁaé<%%ag%nﬁ%f1% single unit may comprlose more than

one type. Espattalipti¢ndaearing aid systems with several associated devices the transmission types
need not be the same, since the choice depends on the system requirements for the specific

transmission pa{h. A§4s) @%@B@ﬂg@ﬁ_@&%%i@f&&o&m%huﬁﬁat&sﬂﬁﬁ%,tms&@mo the
pu

hearing aids themselves should be optimized for requiring a minimum of electrical power for the signal
decoding in theiealingaadigitel fament inbonatRsrael ie 2t dte Ryt ab iR P % present an
audio signal with, g peinigwiBeaunshemafbisiileigtainisgcdirduality sikhis eanpelisgtively reduce
20the bandwidth required for transmission of an aucti?o ile. E}xamglehs of audio codecs are MP3, WMA,
AAC and AC-3hatgita %B’Q/ﬁ%ﬁﬂ‘fﬁé’%’f%ﬁ?da%ﬁﬁgg P HERE O SIR Gecoder” refers to means for

decoding an audio encoded signal. The "audio decoder" typically detects the transmission format of
the received diljittieaueionsidinelbsurd Geadelrendesing atdgiophamReesorispdpdmylithe "audio
encoder” processes NG Anaydinsncoding abineiganaeivsigna). oManrrdeaedngy aba digital

stereo signal (which may be either a binaural or traditional stereo signal) is a process where one of the

two input stereBeeHRAREIS i BRSSPSR heastplderisrasiaFpTrsatad tons 1igtal iscarded. Thus
in the left hearigg.siddinibibesiebtighaning abihanipsercsighakisBlizaautiadentt ixphemigdhn

-more detail below.

In the present disclosure the term “mono rendering” refers to the process where any
multi-chanvel digitalty encoded audio signal is rendered for replay 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. Le. 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 tespective speakers. Stereo and surround sound recordings
include multi-channe! 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 2 user wearing two hearing aids. Binaural stereo and



30hearing aid unit the left channel of the stereo signal is discarded. Hereby the required WO
2010/043223PCT/DIC2008/000363 10 processing power for the "mono-decoding” is only half or less
that of the traditional audio decoding of a multi-channel signal. Reference j H{ Fig. 6, which
shows a blogkocf’lﬂafé)%rsﬁ Bt a part of a hearing aid system for rendering a %igﬁﬁa %E@%%%é% stereo audio
signal into a digital binaural 5 stereo signal according to an embodiment of the present invention. Fig.
6 illustrates a digital filter configuration 600 adapted for processing a first digital input signal 601-1

representing a left traditional stereo channel, and a second digjtal input signal 601-1 representing a
ot racitional GaFEE AN o T 1 BBl AR TP B ST T SBTE 4 SEeting e

binaural sterecasth@iignél, and a second digital output 10signal 602-r representing a right binaural stereo
channel. The left binaural stereo channel 602-1 is the sum of the first digital input signal 601-1 filtered

by a first digitalfilier 40 aRdAeeseenedHidiahirruksignah 60Lat dlleres Ay rosesandidigital filter 604.
The right binaural steréo channel 602-r is the sum of the fIrStaﬁEItal input signal 601-1 filtered by a

third digital filte¥ GtBsfereriBesBscrutn drigste b dcanne A arstem e msatsdlidigital filter 606.
The first digitalfilies G fiaprasentfotie A sfesfunationadarssaend Siansauiiachfigmea left loudspeaker

to the left ear of a listener inclusive HRTF and room impulse response. The second digital filter 604
represents the FaFR R Y CH I SR S S SR LUESH %%ﬁ?’l‘&f&%?)‘&ia{?éf"t‘@%é’t?fﬁﬁt ear of a
listener inclusiwarEiRT & gited fiaasmimpulserafiesponss. optiealhitdedigithtdlites, bt poesents the
transfer funCtioﬁJgsr asnoducrf]:\ lg.sagss\grneiﬁgg z]:trlgfrgtﬁer type of wired or wireless transmitting and
receiving means. Thus, in the present application such transmitting and receiving
10 means may be incorporated in both the audio devices and the units of the hearing aid
system. The transmitting and receiving means in the various units need not be the same
and a single unit may comprise more than one type. Especially in hearing aid systems
with several associated devices the transmission types need not be the same, since the
choice depends on the system requirements for the specific transmission path. As an
15 example the transmission format used for signal fransmission to the hearing aids
themselves.should be optimized for requiring a minimum of electrical power for the

signal decoding in the hearing aids.

1t 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”
typicaily 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 aundio 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 1s
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 s discarded. Hereby the required



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 25a right
loudspeaker tbS the)eft ear of a listener inclusive HRTF and room impulsepéqmgm}%g%rence iS now

7 5 .. .
made to Fig‘.ﬁ %/(\)/ WA SHows schematically a typical listening situation for replay of a traditional audio

stereo signal of digital origin through a set of Ioudspé%kers. Fig. 5 illustrates a stereo set 500,
comprising a stereo processor unit 501 WO 2010/043223PCT/0K2008/000363 11 and left and right
loudspeakers 502-1, 502-r. A listener 503, with a right ear 509-r and a left ear 509-1, receives the

sound emitted FFERTBEENBHERIE e raoprcictaris sét AHy T Redssniharelibeittibardl a room 508.

For reasons of gigpleHydan!y Sopndtesnitiad tigraithe right loudspeaker and to the right 5 ear is
considered in the following. When sound is emitted from the right loudspeaker 502-r, the direct sound

204 reaches g gl Ak aRYshllisto ME's WAL RGNS Sl durier il anchibeiling

(506-1,..506-n) arrive. Further, the sou;% waves having been subjected torepeated multiple reflections
on the surrounditgywaisfesonderingordigizby encadabsierte g s g TRl abbirdhort sound

with a flat frequeney JBSREBRRS SERIaMdRoIaHe RaakemIbRibsans sesaivarpalime series of

the reflected sound. This is called the "impulse response”. The impulse response contains information
about the acoudigiial flspernbewriorif atruad-fonmsisesttand higit gk sirahdtkst of various
locations such ag-asiving EoRREluhiaiGeneRrihhd| by hedseditpriagassiggifoosimulating a

o s a et Badsbnel Sred hSRneP R SRRLP SIS Y A ergs i ystem
signal 602-1 representing a left binaural stereo channel, and a second digital output
10 signal 602-r representing a right binaural stereo channel. The left binaural stereo
channel 602-1 is the sum of the first digital input signal 601-] filtered by a first digital
filter 603 and the second digital input signal 601-r filtered by a second digital filter 604.
The right binaural stereo channel 602-1 is the sum of the first digital input signal 601-1
filtered by a third digital filter 605 and the second 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 mpulse 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

Tesponse.

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 mmpulse

TESPONSE.

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



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 Ie{E right loudspeaker.
Head 20 Reﬁgﬁegﬁﬁﬁa%ﬁéfér Functions (HRTFs) are response functions tha c?%?‘é@%@ék ﬁgow a given

single-channel audio signal from a given location is E)lerceived 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 rigqht loudspeaker and to the left ear 509-1, Therefore

the HRTFs corfdrsh Aopfpraben aleds AP To tdtRehn Taa PRIt R Rt -6~ ¥fb&ring aids.

The HRTF caniéfe caaptureddteprsimechoit! chdambdrondiom aomkgediaira Mienaddaaadamdth
microphones plﬁé: d in the ear canalg,. WO 20%8%043223PCT/DK2008/000363 12 In an embodiment
\Y

of the present IRV EIRtER S BIREIS si%r%%’%%na is provided based on more than two digital input

signals. Hereby digital surround sound signals having more than two channels can be rendered for

binaural stereofor reasensiabsirapkeieondffauing ayisbinendhs stebd losisg el andde shartakhative

Stransformatiog,feehpiairs.Pm Wil REkRowIM e arld ReIFEABE IR MIAFR 18shigkd, Which shows
a highly schematic and simplified block diagram of a part of a hearing aid system according to an

embodiment o e plssEFGHRAREoT Y Ergaelf g e sepiiP drtetrifgmiths 1bcRioHENg a left and
a right hearing @igh185wanshd Ohc Reitingh sadapteddo esed iPg-h e ulesbarnebdigitaliing O encoded

audio signal 1Q1, and further com ris r;gumeciansf}oz-L 102-R for rec |V|n\ga§%§@g¥|- qpnel signal,

means 103-L, I3 R 6?05?; 10'6REH eréecgic\;éoé’ %ﬁ)&l IC zsau%oelfl}sfgnﬁa, medns 104-L, 104-R for

mono ren_dering_)immidas mrpﬂwiadﬁ)a_Wﬁmmcem\sigrﬂiwsmgnﬁlwﬁbmémmmdgft and right_ ear
hearing ais. It s noted that 4he Hearng AIhPISIAPIANES M 1k ANA PR aURdYrRed for providing

the binaural 153t(§r1)e0 S|gna§. Tﬁe %lnaural stereo signal outputs from the mono rendering means are
reflected sound. This is called the "impulse response”. The impulse response contains

information about the acoustical properties of a room.

The knowledge of the typical impulse response of various locations such as a living
1001, 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 night 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 1s

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 a2 human head,

with microphones placed in the ear canals.



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 comper%gtfgﬁq/qdﬁ@f)rocessors may 20comprise_controls for selectin%cgmﬁ&(’%g%ﬁﬂuts, or for
adjusting the balance among them. Hereby an advahted 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 embodirfett SAREETHY MrcRnsee ETHRASIHS PlRarastersa it adsddesidich is not
shown in Fig. lyrisnaBuetaath &aah egneisenal Herdpuihiith eialamitbanesanad Bevuter is capable

of providing the hearing aid ynits with MP3 coded audio stereo signals. The audio decoder in the
Bl R ST enaNEr

hearing aid uniti&ed ﬁ%‘ T ecoalrngméiﬁr BT ndering transforms the traditional

stereo signal into a binaural 30stereo signal with a wider stereo image. WO
2010/043223P Ty bitpoebizoRseEaianay At ihe PerHisisdinier amurbse pinlemelse is a telecoil and the

audio devige (Whighds:AabsRmndReEids LWiisR felseailsiaiam that has been adapted for pulse-width
coding in order to allow a stereo signal to be transmitted. The audio decoder in the hearing aid unit

Dimaural storach AN B ST st ROy A SO BB provided
based on a digitaigsanrofimdasoefrhsiging fidsyriemerediBmettocu bmbndimchieretiy aresat may enjoy
ot sour SO LAY BP0 0N R g s 2
hearing aid 105-L and 105-R, each adapted for receiving a multi-channel digitally
10 encoded audio signal 101, and further comprising means 102-L, 102-R for receiving
said multi-channel signal, means 103-L, 103-R for audio decoding said received multi-
channel signal, means 104-L, 104-R for mono rendering in order to provide a binaural
stereo signal using the comresponding left and right ear hearing aids. It is noted that the
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 convemently

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.



10 diagram of a hearing aid system according to another embodiment of the invention. Fig. 2 illustrates
the hearing aid system 200, generally comprising an associated device 202, left and right hearing aid

units 203"-’\%8%@\) ,a;ggzgssociated device comprises receiving means 294 farreceiving a
di '

multi-channel digitally encoded audio signal 201 frogyan 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_203-1 . 203-R furt QLcQM risereceiving me 208- L, 208-R for
1 “bg ’
receiving said ra%%or%&%{e%negadﬁﬁ?%gﬁgEﬁ%‘avr%lga{!rllga%bs- and 2 6115@ SraH%?o |‘r]119062%1r021(§%ived signal,
rendering meanet 2how, iR ORI Tor wfolsootbsistaim thit Bodrerar adaptel ide milsimaidthl srdepisignal using

the correspondipg.left apd, a6 GBRANPY AR HEDCANNG.AId 9 dLSHCLERIRLRG figrophones and

signal processors (not shown in Fig. 2) configured as discussed above with reference to Fig. 1. In an

embodiment tHiH siseesderetcgRirsanidth il refhiberepirraednsterohstedingrehole

connection to astEeaIBINY iakibRaVIaEstskeias AN MP3RIRete~o thadeearing aid systems 200 and
300 (refer to Fig. 3) may further comprise additional associated devices. An example of such a hearing

aid system is dg@&éﬁ%gge\qg%g feren efo Figi 4. WO 20&9{{%%%32@3PC£/%5_2008/0 0363.14 invention.

Fig. 3 illustrates earng ai u%?/%rtemeéf)oo, %ﬁé?ﬁf?‘gompnsmgogr? assiciated device 302 and left

and right hearisigreiths: 80@-mo80BR 1Whehassolsidietrbie vivscfunteenioyyirivelsuacandrgundans 304 for
receiving a mu{%ﬂ@%ﬁkﬂ@#ﬁ%ﬁg%ﬁﬂ?d audio signal 301, an audio decoder 305 for decoding the
received multi- 5 channel signal, méans 306 for rendering the decoded signal into a binaural stereo

Sids and meark S AR St SO AOIATASHES LT RS BOSK. 203 R
The hearing aid&fusthef ebepingeitheas38atdid3@ Ierrfothee caibind ractrarSini thecbsignaFigneans 310-L
and 310-R for g0 eedina e scelyedA JeaHa Y oA g sl ankians bearing aid
units and mlcrop]hones an S|gna?
left and right hearing aid units 203-L, 203-R. The associated device comprises
receiving means 204 for receiving a multi-channel digitally encoded audio signal 201
from an audio device (not shown in Fig. 2), an audio decoder 205 for decoding said
15 recetved 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 fo 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 1s 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



processors (not shown in Fig. 3) configured as discussed above with reference to Fig. I. Hereby an
advanced listening feature is achieved without compromising size or electrical power requirements in

the hearing %; sz%h(%@%lves, because the associated device carries out i %9‘{%%§sing required
. 43233 <. » S .
by the binaural s éreo rendering. 15Additionally the g4ecod|ng 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 tp possible distortions of the signal transmitted from the associated device towards the
respective heal§ MR, DR IIEHIES ié‘ﬁegwl?ﬂgﬁ & ﬁFE%%&ﬁW@%W%%TW&%ion of a specific

embodiment ofatsecpreddaticyattiand ey addstigiwseary B diayar 403 tRaTheppatadY Ds with

P connected to sﬁ.te evisig .set‘t 02, a surround
(4) 1-C &

multi-channel d(j%i/tag)ﬁle %(ng d arlilSCéiSOfeTef}e D\4I1De£|§a(¥§£| FECCIVI L dnnet digy
sound amplifier 05 ana & firet associaren device dedicated 16r binaural ren er%g, gncoding and

subsequently wireddsd iyuttansguistinglthe mmdgt@&sté@é&sigmdﬁ@atb@wnﬂ’abmdtmed device 404,
which 1s adapteg Bleieiavincuial ot Ye i slnakludheran Rhedsspas ligdearing aids 303-L

and 303-R. The second associated device ensures that the wiréless signal transmission consumes a

minimum of eleigrehrrnedin faecheedingthrdunssebsgraecsialitey Eaastyay vaPwady Bt full benefit

of the audio suprRnd$ouRdLHAY 1REAY e RRE LML ERIMNEE 838! Fkhasmera should be

appreciated that the complex and therefore power consuming WQ
2010/043223PEepringaxtiod)dgn383-R- The hearing aids further Comprise means 309-1, 309-R for

receiving a transmitted signal, means 310-L and 310-R for mono decoding the received
10 signal in the corresponding left and right hearing aid units and microphones and signal

processors (not shown in Fig. 3) configured as discussed above with reference to Fig. 1.

Hereby an advanced listening feature is achieved without compromising size or
electrical power requirements in the hearing aids themselves, because the associated
device carries out the signal processing required by the binaural stereo rendering.

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 1s 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 1s a part of many DVD movies.

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



15 binaural rendering process is carried out by the first associated device, that may be connected to a
wall plug as opposed to the second associated device and the hearing aids that will normally be
battery powered. In an embodiment the television set, DVD player, the surround sound amplifier and
Sfirst associated d&Vid&re connected with digital coax cables. In another enodifdttte first
associated device functions as base station for the g8cond associated device and wherein the second
associated device functions as a hearing aid remote control.  Other modifications and variations of
the structures and methods will be evident to 10those skilled in the art. 16 CLAIMS I. A hearing aid
system compriSigEEFRAEARMBratas TR bty Hha Sarf a8t disncbabmaybfendering
means, said assegiaied devied iRgadaried fotdigialiensedingiaaciadbipaatdafining at least a
left and a right aydio input 5stream, said rendering means being adapted for receiving and decoding
said digitally erf éeﬁlgi%(’ B8ORS ARY Kttt rendered signal by a first linear sum of digitally
filtered versions of all the audio input streams and a right rendered signal by a second linear sum of

digitally filteredi¥vepstovpodimsntifec selditsippsrtsBeEhrdamidthersprenadrguné satelie 89 right rendered
signal to the leftand he 10righ heaungAidieaciodifielefandsight hearing aids having means for

decoding and playing a respective rendered signal, said rendering means either comprising a left
hearing aid rendering means jn the left hearing aid and a right hearing aid repndering, means in the right
earing aid, or BPESTSORTBA A S ArEh B A (R B BT A Mg e ef and the
right rendered sigmad sestheatedt davibthad igirithbanacpaibativeietdrénder dchsigmalasepresenting a left
binaural Stereoh(éwgild remote control.

Other modifications and variations of the structures and methods will be evident to

16 those skilled in the art.



and the right rendered signal representing a right binaural stereo channel. 2. The hearing aid system
according to claim 1, wherein the rendering means comprises a left hearing aid rendering means in the
left hearing aid and a right hearing aid rendering meéns in the right hearing aid. 20 3. The hearing aid
system according to claim 1, comprising an associated device, wherein the rendering means is
provided in the Udiited device, and is adapted for transmitting the left and the right rendered signal
to the left and the right hearing aid. 4. The hearing aid system according to claim 1, wherein the
associated device/2Beumpfisesy dersepinpising edeisheaded rednoticbbinroingwiguans. The hearing aid

system according osGlaith keWhersia gn@n@ﬁggﬁﬁaﬂaﬁ%ae%&%%%ﬁcg I&&ﬁ%@lﬁ%gg@&gur&tlon
wherein each of the two output. S|gnals is provided as a linear sum of digitally filtered versions of all the

audio input signaldigitaly siradirarmepdia dsetbAiitre Allsesic dbiand DRt arbedivthe rendering
means SOcs)mpnse@eamegammaﬂf@eﬁmHﬂegdtgd;ﬁsd&/fanmdﬁmgladtodstgﬂaig skid 7. The hearing aid

system according ther erln ean adapted for rendering.the two output
signals by subjectf??éi?'n a?cfg\g%%e Wooasl’j‘ﬁIl 3 |np ts%(gla afg% r%la%};r?cy 2 %rn Cro%s talk. 8. The

hearing aid systerﬁuateﬁﬁéﬂﬁ@}wfdtwedn@r@bm@iﬁéwﬂn@l@msswmndm@em&mg means is
adapted for processing g multi-channel élh'ﬁ"&"mgﬁglﬁlﬁﬂ@&%ﬂ%e@&?895&@91@%&%%% according to any

one of the preceding claims, wherein the rendenp& means is adapted for rendering'the two output

signals by subjectiffftRe AR]daEPradaREREi teafebiseadsedimnatéthedstrerdthtction. 10. The

hearing aighsystens@ecesgingaia, eaino swharai thew asdeiingeanshas.dOmeansdaselecting cues

for the head related &ralnsfer function for simulg\tlng
and playing a Tespective rendered sig

left hearing aid rendering means in the left hearing aid and a right hearing aid

a? said rendering means either comprising a

rendering means in the right hearing aid, or being provided in the associated device
and adapted for transmitting the left and the right rendered signal to the left and the
15 right hearing aid, the left rendered signal representing a left binaural stereo channel

and the right rendered signal representing a.right binaural stereo channel.

2. The hearing aid system according to claim 1, wherein the rendering means
comprises a left hearing aid rendering means in the left hearing aid and a right

hearing aid rendering means in the right hearing aid.

20 3. The hearing aid system according to claim 1, comprising an associated device,
wherein the rendering means is provided in the associated device, and is adapted for
transmitting the left and the right rendered signal to the left and the right hearing
aid.

4. The hearing aid system according to claim 1, wherein the associated device

25 comprises a user input means and a remote control output,

5. The hearing aid system according to claim 1, wherein the rendering means
comprises a digital filter configuration wherein each of the two output signals is

provided as a linear sum of digitally filtered versions of all the audio input signals.

6. The hearing aid system according to claim 1 or 2, wherein the rendering means

30 comprises a receiver for receiving the digitally encoded audio signal.



specific listening environment such as one selected from the group living room, church and concert
hall. 11. The hearing aid system according to claim 10, wherein the cues for the rendering means
have been derived by measuring the acoustic impulsé response of a selected 15acoustic environment.

12. The hearing aigsyplety ARAOIAING R &IRIMA, WIRKINNG ASRCAIEH Vi s § porable,

battery-powered device. 13."The hearing aid system according to claim 8, wherein the associated
device is adapted FORRETHG IBUErEE theria oramssikats bovibiqiambamhipaicrsgamtie according to

claim 13, wherein thguassagiatedidgyieeyiaadapigdfessfianctioning as base station for a hearing aid
remote control. 15. A method for replaying a first and a second audio stream in a pair of hearing aids,
pro ssing the first

comprising receivingdhe, first andhe, second Audin.stheant A rendering means, |

and the second audio st_FleaH%s ir%{%]e rendering megi%s to pro_c?%)ce% ggh_réatfrgfftbvute sellgnnaf: by a first
linear sum &f digitdRyfiaestcoBtdioHisrssdHarmscassingresdsohammabiodarémwssusrdoa second output
signal by a second linear sum of digitally filtered versions of the first and the second audio streams,

transmitting thedfir Sthandative: sétorstoutpursignal frgronthel rha gesingirpeanaasvaetefh @rd a right
rendered signal to a left.and a rig! fi id, and i[n a respective rendered 30signal in each of
said left and right r‘%’ﬁlﬁggai , t%%r%%%%?&%sgl%%gln e%g?){agg)n fﬁt@ugﬂf?aéleegﬁ %‘llr%aeﬁ?lélﬁs 'ee?é{o channel

and the second ougssh BigHatieprasshtngsddiyheasindued Srestn thanoel

10. The hearing aid system according to claim 9, wherein the rendering means has
10 means for selecting cues for the head related transfer function for simulating a
spectfic listening environment such as one selected from the group living room,

church and concert hall.

11. The hearing aid system according to claim 10, wherein the cues for the rendering
means have been derived by measuring the acoustic impulse response of a selected

15 acoustic environment,

12. The hearing aid system according to claim 8, wherein the associated device isa

portable, battery-powered device.

13. The hearing aid system according to claim 8, wherein the associated device is

adapted for being powered from a wall socket.

20 14. The hearing aid system according to claim 13, wherein the associated device is

adapted for functioning as base station for a hearing aid remote control.

15. A method for replaying a first and a second audio stream in a pair of hearing aids,
comprising recetving the first and the second audio stream in a rendering means,
processing the first and the second audio streams in the rendering means to produce

25 a first output signal by a first linear sum of digitally filtered versions of the first and
the second audio streams and a second output signal by a second linear sum of
digitally filtered versions of the first and the second audio streams, transmitting the

first and the second output signal from the rendering means as a left and a right
rendered signal to a left and a right hearing aid, and playing a respective rendered

30 signal in cach of said left and right hearing aid, the first output signal representing a
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left binaural stereo channel and the second output signal representing a right

binaural stereo channel.



