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DESCRIPTION

Technical Field

[0001] The idea relates to an apparatus and a method for generating an adapted audio
stream, and to a corresponding computer program element.

Background Art

[0002] Despite of Increased research focused on the tinnitus phenomenon and related
therapies, the tinnitus phenomenon still is not fully understood and therapies mostly relate to
fighting symptoms rather than cause.

[0003] A promising approach was introduced in "Listening to tailor-made notched music
reduces tinnitus loudness and tinnitus-related auditory cortex activity” by Hidehiko Okamoto et
al., Proceedings of the National Academy of Sciences of the United States of America (PNAS),
107(3), January 19, 2010, retrieved  and accessed on the Internet
http://www.pnas.org/content/107/3/1207 .full.pdf on June 7, 2011.

[0004] According to this paper, the cause of the tinnitus phenomenon may rather be found In
neuronal cortex activities than elsewhere. In a central auditory region, auditory cortex neurons
may be deprived from excitation due to hearing loss centered around a given frequency, I.e.
these neurons may no longer be excited as a result of a sound impact corresponding to the
frequency associated with the hearing loss. However, In the following these neurons may
become sensitive to neighboring frequencies because of a rewiring of these neurons to
neighboring auditory regions Iin the cortex. This effect may be understood as maladaptive
auditory cortex reorganization. A synchronized spontaneous neural activity in such region may
cause the tinnitus for the reason that such auditory regions may be characterized by less
lateral Inhibitory networks. VWhen now exposing the patient to music with the tinnitus
frequencies being notched in the music, the neurons corresponding to the tinnitus frequencies
may be retrained in order to reduce their maladaptive auditory cortex reorganization.

[0005] WO 2008/087157 A2 discloses a device for the treatment of tinnitus, comprising
generator means able to generate an audio signal, and transducer means connected to the
generator means In order to reproduce the audio signal. The device also comprises filter
means interposed between the generator means and the transducer means In order to filter
and substantially suppress the audio signal at least Iin correspondence with an interval of
frequencies around the dominant frequency of tinnitus, so as to obtain a silent window having a
selected width or amplitude around said dominant frequency of tinnitus.

[0006] WO 00/56120 A1 discloses a tinnitus method and device for providing relief to a person



DK/EP 3136755 T3

suffering from the disturbing effects of tinnitus. The method can be implemented entirely In
software to spectrally modify an audio signal in accordance with a predetermined masking
algorithm which modifies the intensity of the audio signal at selected frequencies. A
predetermined masking algorithm s described which provides intermittent masking of the
tinnitus wherein, at a comfortable listening level, during peaks of the audio signal the tinnitus Is
completely obscured, whereas during troughs the perception of the tinnitus occasionally
emerges. In practice it has been found that such intermittent masking provides an immediate

sense of relief, control and relaxation for the person, whilst enabling sufficient perception of the
tinnitus for habituation and long term treatment to occur.

[0007] In US 2010/158262 A1 a hearing aid Is disclosed which Is operable in an audiometric
testing mode Iincludes an audio output section, a volume control, a switching device, and a
processor. The audio output section sequentially generates a number of testing sounds at a
corresponding number of testing frequencies and provides each testing sound to the person
who will be using the hearing aid. The volume control is used to adjust the amplitude of each
testing sound to a level of audibility just above the person's threshold of hearing at the
corresponding testing frequency. VWhen the appropriate threshold volume level Is set, the
switching device Is operated to generate a control signal. Based on operation of the volume
control and the switching device for each of the testing sounds at each of the testing
frequencies, the processor sets a plurality of threshold hearing levels associated with the
corresponding testing frequencies. The threshold hearing levels collectively define an
amplitude-versus-frequency profile which the processor applies In processing digital audio
signals during normal use of the hearing aid.

[0008] In US 2007/133832 A1 a system and method Is disclosed for relieving tinnitus,
hyperacusis, and/or hearing loss. One method described Includes manipulating an audio

signal, associating an audio signal with synchronization information, and transmitting the audio
signal and associated synchronization information to a first ear level device and a second ear

level device. The method further Includes outputting the audio signal substantially
simultaneously In the first ear level device and the second ear level device, based at least In
part on the synchronization information.

[0009] In WO 2011/127930 A1, published after the present date of filing, a hearing aid is
disclosed adapted for alleviating tinnitus of a user, said hearing aid comprising an audio input
means, a signal processing unit and an output transducer wherein the hearing aid further
comprises a band stop filter arranged to match a tinnitus of the user and in that the hearing aid
further comprises switching means and switch control means for controlling the switching of
sald band stop filter, into and out of the signal path between the audio input means and the
output transducer, In response to a predefined trigger event. In "Notched Music Therapy for
Tinnitus - A Do It Your Self Video Guide to Taillor Made Therapy in Support Forum”, Tinnitus
Support Forum, 2010-05-13. XP55054986, URL:
http:/finnitussupport92262.yuku.com/topic/1087 7//Notched-Music-Therapy-Tinnitus-Self-Video-
Guide-Tall?page=2#.UTCpUayoF 7/m, retrieved on 2013-03-01, a test rig is disclosed including
an IMac computer on which a "Tinnitus Tamer" software Is run for measuring a tinnitus
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frequency, and a "WavePad" software i1s run after cutoff frequencies have been entered
manually for applying a frequency characteristic.

[0010] "Spezial-CD soll Tinnitus-Patienten helfen - WELT", Die Welt, 2000-01-17, pages 1-2,
XP055563908, Retrieved on 2019-03-04 from the Internet URL: https://www.welt.de/print-
welt/article498365/Spezial-CD-soll-Tinnitus-Patienten-helfen.html retrieved on 2013-03-01,
describes an especially prepared CD for treating tinnitus disease.

Disclosure of the Invention

[0011] Hence, 1t Is a general object of the invention to provide an apparatus and a method for
generating an adapted audio stream according to a user preference in music and allowing to
react to changes in the characteristics of the auditory disorder of the user.

[0012] According to a first aspect of the present invention, an apparatus is provided for
generating an adapted audio stream as defined In claim 1. The apparatus comprises an
iIdentification unit for supporting identification of a frequency range associated with an auditory
disorder of a user of the apparatus, and an adaptation unit for adapting a frequency
characteristic of an audio file representing a track of music wherein the adaptation is subject to
the identified frequency range. In addition, an audio player is provided for playing the adapted
audio file.

[0013] The idea Is based on the insight that a patient suffering from an auditory disorder, such
as the above mentioned tinnitus, may experience varying hearing conditions over time or, for
the specific auditory disorder of tinnitus, may experience a varying tinnitus frequency over time,
for example. In order to avoid repeating visits at doctors and/or specialists for hearing aids of
any kind, the present apparatus allows for a user him/herself to identify the tinnitus
characteristics with support from the apparatus. Such support may, for example, include the
iIdentification unit controlling the audio player to play various sound samples, the sound
samples being different from each other in at least one parameter such as frequency or
frequency range, volume, or sound characteristic. In this way, the apparatus allows for
outputting sound samples to the user which the user may want to compare to its tinnitus
perception. In an embodiment, the apparatus may be programmed to sequentially output
sound samples with increasing or decreasing frequency waiting for the user to confirm via an
arbitrary input means the sound sample that matches best his/her tinnitus perception. The
sound samples may not only vary In frequency but also in volume or in a combination of both.
In addition, or separate from the foregoing, the sound samples may also vary In a
characteristic of the sound. A sound characteristic may, for example, describe the basic
appearance of a sound. Examples of sound characteristics may be noise, whistling, buzzing,
etc.

[0014] In this context, the apparatus may support the identification of the tinnitus frequency
range the user I1s exposed to by providing sound samples that either are prefabricated and
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preferably are stored in form of digital sound samples in a memory of the apparatus, and are
played to the user via the audio player, or by providing sound samples that are built on the fly
from one or more basic sound samples by means of interaction with the user. In the first
embodiment, the user may be asked via input means, such as a touch-screen, to confirm,
reject or modify the present sound sample. Once a sound sample is confirmed by the user, the
apparatus may take the frequency range of this sound sample as a representation of the
tinnitus frequency range that the user i1s perceiving. In the latter embodiment, starting from a
basic sound sample played to the user, the user may, again preferably via a suitable input
means such as a touch-screen, indicate in which way the basic sound sample shall be modified
In order to better match the tinnitus perception. Such indication may be expressed by a request
for one of a higher or deeper sound In terms of frequency, a higher or lower volume, or a
different sound characteristic. A suitable interface for such interaction may be a touch-screen
Including a display with input buttons displayed. In response to such input, the apparatus may
automatically modify the basic sound sample accordingly, e.g. by applying different filter
settings to the basic sound sample and may output the modified basic sound sample to the
user.

[0015] Applying different filter settings may be realized by tuning an equalizer or, more
generally, a sound modifier of the apparatus, and specifically tuning an equalizer or sound
modifier of the audio player. The above routine may iteratively be repeated until the user
confirms one of the modified basic sound samples as the sound sample that best matches
his/her tinnitus perception.

[0016] In another embodiment, new or different sound samples may not be built on the fly from
a basic sound sample, but instead may be taken from a sound sample database stored In the
apparatus or in an external memory attachable to the apparatus. In this scenario, the user
Input may Iinclude one or more of confirmation or rejection of the present sound sample, or
request for a next sound sample. The Interface of the identification unit to the user may
preferably include a display which supports the user input and preferably offers selections.
Such selection options may be adaptive subject to the stage the identification process has
reached. For example, once the user may have confirmed a frequency range equivalent to the
tinnitus perception, subsequent input options may refer to the volume and the characteristic of
the sound only. A subsequent input option may also, or additionally refer to a finer scale of a
frequency range selected In the first step for identifying the subject frequencies at higher
resolution. In an alternate embodiment, the identification unit automatically plays a multitude of
sound samples In a predefined sequence, and the user may confirm the sound sample that
matches his/her tinnitus perception best, for example, by pressing a button.

[0017] In this respect the Iidentification unit may not necessarily identify the tinnitus
characteristics in a fully automated manner but may provide significant support especially In
providing sound samples to the user for comparing to the tinnitus perception, and may provide
an interaction interface to the user requesting for at least one of a confirmation, rejection or
modification of the present/most recent sound sample.
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[0018] In the present context, a frequency range describing the tinnitus perception, or being
assigned to a sound sample, or being applied to an audio file later on, may preferably include
either a single frequency, or multiple neighboring frequencies, preferably in the audible range.
As such, the frequency range shall primarily represent the tone pitch of the tinnitus sensed by
the user irrespective If it 1Is a single tone pitch or a combined tone pitch covering multiple
frequencies.

[0019] The audio player as a component of the apparatus may be implemented in software,
hardware, frmware, or a combination of, and be suitable for playing audio files, and preferably
digitally stored audio files. The audio player may include a D/A converter for converting a digital
audio stream generated while reading the digital audio file into an analogue signal supplied to
speakers integrated into the apparatus, or to earphones or to speakers connectable to the
apparatus.

[0020] The one or more sound samples Including a basic sound sample may be provided by
the apparatus in digital from and as such may be stored in a digital file format such as wavy,
mp3, mp4 or others.

[0021] The one or more audio files representing one or more music tracks may be available In
the same format such as wav, mp3, mp4 or others. VWhile the sound samples may specifically
be designed for supporting an identification of the tinnitus and as such may for example consist
of single frequency events or defined noise spectrums, the audio files preferably represent
music tracks of any kind enjoyable to listen to according to preferences of the user. Such audio

files may be downloadable from the internet, or may be stored on other media such as CD,
DVD or others.

[0022] When having identified the relevant frequency range, one or more audio files may be
adapted subject to the identified frequency range. Based on the "Listening to tailor-made
notched music reduces tinnitus loudness and tinnitus-related auditory cortex activity'-paper,
the identified frequency range i1s suppressed In the frequency band of the audio file. In this
sense, the frequency spectrum of the audio file will be adapted by filtering out the identified
frequency range. In such sense, the adaptation unit represents a band elimination filter
characteristic acting on the audio file for generating the adapted audio stream.

[0023] In another embodiment, the adaptation unit may comprise additional computational
capacity for deriving a more sophisticated frequency characteristic from the identified
frequency range to be applied to the audio files. According to the invention, the adaptation unit
accentuates the frequencies at the edges of the subject band. The adaptation unit may In
particular be a filter unit, and may be implemented in software, hardware, firmware, or a
combination of. A transfer function of the frequency characteristic may be defined by means of
filter coefficients, and the adaptation unit may apply an algorithm for deriving suitable filter
coefficients from the identifled frequency range. Such algorithm may take into account
"listenabllity” of the music and as such maintain an enjoyable version of the music track despite
of cutting a frequency range out of it.
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[0024] Applying the resulting frequency characteristic to the audio file occurs on the fly, 1.e. the
adaptation iIs realized In the audio player, by means of an equalizer or a sound modifier, and
modifies each audio stream generated out of an audio file. The adaptation unit applies
corresponding equalizer or sound modifier settings. In this scenario, the adaptation unit may
apply the settings to the equalizer or sound modifier only when such mode is selected by the
user. In a very preferred embodiment, the settings may only be applied to a set of audio files
selected by the user. In such embodiment, the user may select only the music tracks he/she Is
comfortable with which may enhance relief from the tinnitus.

[0025] The selector for selecting the audio files to be manipulated may contain an interface, for
example, that offers to the user one or more of title, interpret, aloum, etc. The user may select
the audio files of choice, for example, by means of touching an associated region on a touch-
screen. The equalizer or sound modifier mentioned above may be embodied In digital or
analogue form for tuning frequencies in the audio spectrum.

[0026] In another embodiment, a third selector may be available for selecting between playing
audio files or playing adapted audio streams in response to activating the audio player. By this
means, the respective mode can be adjusted when starting the audio player.

[0027] Preferably, the apparatus is a stand alone mobile electronic device containing the
iIdentification unit, the frequency modifier and the audio player in a common housing of the
mobile electronic device. Such mobile electronic device may, for example, be a mobile phone,
and specifically a smartphone. Today's smartphones may be an ideal choice for implementing
all the functions of the apparatus for the reason that sufficient computational power Is provided
for implementing the identification unit and the adaptation unit, that an enhanced user interface
IS provided In form of a touch-screen which facilitates interaction with the user in identifying the
tinnitus characteristics. In addition, most of today's smartphones Include an audio player
function as such. Portable audio players, such as MP3™ players or Apples™ [Pod™ offer
computational power as well as user interfaces to be adapted / modified for implementing the
present idea. So do portable computational devices, such as notebooks, netbooks, handhelds
or tablet computers.

[0028] According to another aspect of the present invention, a method Is provided for
generating an adapted audio stream in a mobile electronic device according to claim 8. An
iIdentification of a frequency range associated with an auditory disorder of a user Is supported.
A frequency characteristic of an audio file representing a track of music Is adapted subject to
the identifled frequency range. The adapted audio stream iIs played. All these steps are
executable by the mobile electronic device.

[0029] Preferably, the step of identifying the frequency range includes playing one or more
sound samples to the user and in response to receiving a user input determining the frequency
range.
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[0030] The step of adapting the frequency characteristic of the audio file includes filtering the
audio file in the identified frequency range, and preferably includes suppressing the identified
frequency range in the audio file.

[0031] According to another aspect of the present invention, a mobile electronic device, and /
or a server system Is provided, comprising a computer readable element, according to claims
11 or 12. Specifically, the computer readable element may be a so called "app” which may be
distributed for installation on a smartphone.

[0032] The computer readable element Is stored on a computer readable medium such as a
harddisk, a solid state memory or any other storage medium. The computer readable medium,
according to a first alternative, 1Is a medium within the mobile electronic device, 1.e. resident In
the target device where the application represented by the computer program element shall be
executed / running. In another alternative, the computer readable medium iIs part of a server
system for holding the application represented by the computer readable element available for
downloading to users via a suitable transmission network, such as the internet, or a wireless
data network such as 3G.

[0033] Accordingly, a medium is provided for making such computer program element
avallable for downloading. Such medium iIs the server system offering the application
represented by the computer program element.

[0034] The above embodiments may support the treatment of auditory disorders such as
tinnitus, but not limited to, In that the user may be free in applying a frequency characteristic to
any music track preferred. The choice of preferred music may support the treatment in that a
comfortable atmosphere may improve cure. In addition, such adapted music may permanently
be available to the user for listening to. And the user may immediately react to changed
hearing characteristics, such as to a shifted frequency or a reduced loudness In the case of
tinnitus, by measuring the frequency range from new supported by the present apparatus, and
may immediately apply the results of such measurement to the preferred music tracks by
having applied a new frequency characteristic determined to the music tracks. In this sense,
the apparatus encompasses a compact device for improving auditory disorders. Such stand
alone device not only Is capable of playing music adapted to the hearing disorder, but also Is
capable of supporting the identification of a frequency range associated with the auditory
disorder, to monitor the frequency range over time, and to adapt the preferred music tracks in
accordance with the identified frequency range. Especially, the measuring of the auditory
disorder may be executed multiple times at the users discretion and as such may provide
better measurements results caused by the user not being exposed to potentially stressful
situations at the doctors and as a result the user possibly being more sensitive to the
measuring. In addition, auditory disorders may show periods in which they disappear or are
reduced In appearance. Such periods may be excluded from measurement since the
measuring device permanently is available.

[0035] In a preferred embodiment, the apparatus is adapted to record a history of frequency
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ranges identified over time. Individual frequency ranges or such history may be exported or
transmitted to external parties such as doctors, hearing aid providers, etc. By means of such
history, a course of treatment may be monitored and corrective action may be taken. Such
history, which may be represented by a sets of data, each set, for example, including a time
stamp, a user 1d and an identified frequency range, may electronically be transmitted
automatically or on demand to a doctors |IT system and allow the doctors to monitor and react
to the data transmitted.

[0036] In an alternate embodiment, a data set and/or history may be transmitted electronically
to a receiver In the internet, such receiver representing a progress monitoring service offered
to users of the apparatus, for example. Such service may evaluate the data received and send
recommendations or advice to the user in how to improve usage of the apparatus. Such
recommendations, may, for example, include recommendations to more or less often identify
the frequency range, or others. In such way, the present application in the apparatus may in a
preferred embodiment be used interactively with a doctors or other third party.

[0037] In another embodiment, the identification unit may additionally ask the user for his/her
general condition/mood/mental state, e.g. by means of requesting for input on a scale. Such
Information may be linked to the identified frequency range, and may allow a better monitoring
of the overall state of the user and/or provide additional information In how to improve
treatment. Such information may additionally be included in a set of data referred to above.

[0038] The described embodiments similarly pertain to the apparatus, the method, the mobile
electronic device and the server system. Synergetic effects may arise from different
combinations of the embodiments although they might not be described in detail.

Brief Description of the Drawings

[0039] The embodiments defined above and further features and advantages of the present
Invention can also be derived from the examples of embodiments described hereinafter which
are explained with reference to the attached drawings. In the drawings, the figures show:

FIG 1 a schematic view of a mobile phone according to an embodiment of the present
Invention,

FIG 2 a block diagram [not claimed)]

FIG 3 to FIG 5 block diagrams of various components of an apparatus according embodiments
of the present invention,

FIG © a filter characteristic applicable to audio files,

FIG 7 a block diagram of a portable electronic device according to an embodiment of the
present invention,
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FIG 8 a system containing a medium for downloading software according to an embodiment of
the present invention,

FIG 9 a flow chart of a method according to an embodiment of the present invention, and

FIG 10 - 10c subroutines of the method as illustrated in FIG. 9.

Modes for Carrying Out the Invention

[0040] Similar or relating components In the several figures are provided with the same
reference numerals.

[0041] FIG 1 lllustrates a schematic view of a mobile phone according to an embodiment of the
present invention. The mobile phone 1 Is a smartphone comprising a display 2 which
constitutes an interface 21 to the user. The mobile phone 1 1.a. contains a housing 3 and a
plug 41 for earphones 4.

[0042] FIG 2 to FIG 5 lllustrate block diagrams of components of an apparatus according
embodiments of the present invention. In FIG 2 [not claimed | a software engine 5 includes an
iIdentifying unit 51 and an adaptation unit 52 both of which may act on an audio player 6. The
iIdentification unit 51 supports identifying, for example, a frequency range <fr> of a user
tinnitus. The frequency range <fr> i1s Input to the adaptation unit 52 which converts the
frequency range <fr> in a frequency characteristic, which In this specific embodiment is a filter
characteristic, or builds a frequency characteristic based on the identified frequency range
<fr>. Such frequency characteristic i1s applied by the adaptation unit 52 to an audio file <af>,
which preferably is stored in a memory of the apparatus. The filtered audio file <aaf>, also
called adapted audio file <aaf> is input to the audio player 6 for being played to the user.
Playing the adapted audio file <aaf> may be initiated by triggering the process of modifying
audio files <af> accordingly, or may be Initiated by a user independent from the building of the
adapted audio files <aaf> at any later point in time.

[0043] In the block diagram of FIG 3 a different way is illustrated for adapting audio files <af>.
Such way may be denoted as "on the fly" adaptation in that a sound modifier 61 of the audio
player 6 1s controlled by the adaptation unit 52 by means of a control signal <ctri(fr)> for
Implementing the frequency characteristic that is derived from the identified frequency range
<fr>. The sound modifier 61 tunes the audio file <af> while playing it accordingly such that the
adapted audio stream <aaf> may be played to the user by the audio player 6. In this
embodiment, it may not be necessary to store the adapted audio streams <aaf> In the
electronic device, and only the audio files <af> may be stored as is the frequency characteristic
based on the identified frequency range fr.

[0044] FIG 4 shows another block diagram which focuses on the generation of sound samples
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<sosx> rather than adapted audio files <aaf>. A basic sound sample <bsos> may be stored In
the apparatus, and for supporting identification of the relevant frequency range <fr>, the
identification unit 51 controls a sound modifier 61 of the audio player 6 by control signal
<ctrl(u)> for generating a sound sample <sosx> out of a basic sound sample <bsos>. The
control signal <ctrl(un)> 1s subject to the user input <ui> which may denote a modification such
as frequency up or frequency down with respect to the most recent sound sample <sosx>
played. The identification unit 51 translates such user input <ui> Into the control signal
<ctrl(un> for adjusting the sound modifier settings for, for example, generating a sound sample
<sosx+1> from basic sound sample <bsos> that has a higher tone than the previous sound
sample <sosx> played. In an alternate embodiment, a control signal <ctrl> makes the sound
modifier 61 play sound samples <sosx> In a defined order.

[0045] FIG 5 Illustrates another block diagram which focuses on the generation of sound
samples <sosx>. In this example, the apparatus holds multiple different sound samples <sosx>
that can be selected for being played by the audio player 6 by the identification unit 51. The
selection may follow a defined order of sound samples <sosx>, e.g. by rising frequency, or may
depend on the user input <ui> which may be translated by the identification unit 51 into the
right choice of sound sample <sosx(ui)> to be played next.

[0046] Once the frequency range <fr> associated to the auditory disorder Is determined, a
frequency characteristic of the one or more selected audio files <af> may be adapted
according to the frequency range <fr> determined. A sample frequency characteristic <Ft(f)> to
be applied to an audio file <af> Is shown In FIG 6a (not claimed), in which <f> denotes the
frequency. In the present example, the frequency characteristic <Ft(f)> may be Interpreted as a
band elimination filter characteristic filtering out frequencies around the identified frequency
range <fr> with smoothed edges. FIG 6b shows a different frequency characteristic in form of a
filter characteristic in which the band elimination in the frequency band shows sharp edges (not
claimed). FIG 6¢c shows a further frequency characteristic in the upper curve Iin which the
edges of the band elimination are accentuated. Applying adaptations to short frequency ranges
such as to the edges of the band elimination does not affect the music too much but provides a
valuable effect on the auditory disorder. In addition, in the present example of a frequency
characteristic Ft(f) according to Figure 6c, the entire high level frequencies are raised for the
reason that in such range the user's hearing may not be the best due to hearing loss or other
reasons, while the music to be played may not contain too much shares in this region either.
Such rise In the frequency characteristic may best be illustrated by comparison to the lower
curve representing a non-risen frequency characteristic. This 1s why preferably a frequency
region representing high audible frequencies such as from 7 kHZ to 15 kHZ or more may be

amplified in order to maximize the effect of the adapted audio files with respect to the hearing
loss of the user.

[0047] It 1s appreciated, that such modification to the frequency characteristic 1s not limited to
an adaptation in the high frequency range but may also be applicable to low or medium
portions of the audible frequency range. Any such adaptation/modification applied may either
Increase or lower associated frequencies. By means of adapting the frequency characteristic
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also outside the frequency range identified, other auditory disorders may be addressed such
as hearing loss. For identifying such other auditory disorders, the present apparatus may be
used, for example, as a device for identifying such other auditory disorders. In a preferred
embodiment, the apparatus may be adapted for executing an audiometry. In such audiometry,
sound samples representing different frequencies may be played to the user via the audio
player. The user Is requested to indicate via a suitable interface - e.g. by pressing a button -
the point In time he/she hears the sound sample. Summarizing the users responses over the
audible frequency range delivers an audiogram of the user indicating his/her hearing capability
In form of hearing loss. Out of such Information, the present apparatus may automatically
iIdentify frequencies or frequency ranges to be adapted, and in particular to be one of amplified
or attenuated. Such frequency ranges may accordingly be adapted In the frequency
characteristic that will be applied to the audio files.

[0048] FIG. 7 shows a block diagram of an electronic device according to an embodiment of
the present invention, and specifically of a mobile electronic device 8, iIn a more hardware
oriented manner than in block diagrams 2 to 5. The electronic device Includes a processing
unit 81 which 1s connected via an internal bus 89 1.a. to a non-volatile memory 84, such as a
ROM, which may be implemented, for example, in Flash technology, and to a volatile memory
86, such as a RAM, which may, for example, be implemented in DRAM technology. Reference
sign 85 denotes a wireless interface such as a 3G Interface for transmitting and receiving data
In a wireless manner. The electronic device 8 further includes an digital/analogue converter 82
for supplying an audio output 83 with analogue audio signals. In addition, the electronic device
8 supports a user interface 87 which may be a graphical user interface including a display and
some Input means.

[0049] For example, the wireless interface 85 may be used for receiving audio files from a
provider. The user interface 87 may support selection and downloading of audio files via the
wireless interface 85. The audio files may be stored in the non-volatile memory 84. In the non-
volatile memory 84, a computer program element may be resident which supports identification
of a frequency range of a user's auditory disorder, which allows deriving a frequency
characteristic from the identified frequency range, which applies the frequency characteristic to
a selected audio file for generating an adapted audio file, and which finally supports playing the
adapted audio file. Such computer program element may be loaded into the volatile memory
86 by the processing unit 81 for being executed.

[0050] In this context, the user interface 87 may be involved requesting for user input related
to the frequency range that matches the tinnitus perception best. In one embodiment, sound
samples may be output to the user. Such sound samples may be stored in the non-volatile
memory 84 and be output via a D/A converter 82 to the audio output 83 which may be a plug
for earphones, for example. Once the frequency range Is determined, the processing unit 81
may store this information in one of the memories 84, 86 and may generate, in a specific
embodiment, a filter characteristic based on the frequency range. The filter characteristic may
be stored in any of the memories 84, 86, and be applied to an audio stream representing an
audio file being loaded for being played via the components 82 and 83.
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[0051] FIG. 8 shows a system /7 for downloading a computer readable element as may be
used with the mobile hone 1. The system may include a server 71 including storage means.
Reference sign 72 indicates a transmission network, such as the internet. A mobile phone 1
receives the computer readable element, also called "app” In this context, which during
transmission Is represented by an electrical transmission signal <ets>.

[0052] FIG 9 shows a flow chart of part of a method according to an embodiment of the
present invention. In step S1, the method Is started, e.g. by pressing an icon representing the
"tinnitus app"” on the mobile electronic device. In step S2, the "app"” supports identification of a
frequency range associated with an auditory disorder of a user of the mobile electronic device,
such as referred to in previous embodiments. In step S3 a frequency characteristic of an audio
file representing a track of music is adapted subject to the identified frequency range. In step
S4, the electronic device waits for a user input to start playing the adapted audio stream. If
such Input Is received (Y), the adapted audio stream is played. If it iIs not received (N), the
process may wait for any such input in the future.

[0053] FIG 10a represents a flow chart of an embodiment representing step S2 of FIG 9 In
more detall. In step S21 a first sound sample I1s selected to be played to the user. In step S22,
the selected sound sample Is played to the user, and In step S23 1t 1s verified, If a user
Interface confirms (Y) the sound sample, or denies (N) the sound sample. In case the sound
sample Is denied (N) In step S23, a different sound sample Is selected In step S21 and the
process continues. The selection of sound samples may follow a defined sequence of sound
samples, or may take user input into account, or even may include modification of existing
sound samples according to the user input. In case the sound sample is confirmed (Y) In step
S23, the frequency range of the confirmed sound sample 1s handed over In step $S24 to a

process generating desired frequency characteristic, which may be represented by step S3 In
FIG 9.

[0054] In an alternate process according to FIG. 10b representing step S2 of FIG 9 In more
detail, a basic sound sample Is determined to be played to the user in step S25. In step S26,
the basic sound sample is played to the user, and in step S27 it Is verified, if a user interface
confirms (Y) the sound sample, or denies (N) the sound sample. In case the sound sample Is
denied (N) In step S27, a setting to be applied to the basic sound sample Is selected In step
S29 and is applied to the basic sound sample In step S25 for generating a sound sample
different from the basic sound sample. In case the sound sample I1s confirmed (Y) In step S27,
the frequency range of the confirmed sound sample Is handed over to a process generating a
desired frequency characteristic, which may be represented by step S3 In FIG 9.

[0055] In FIG 10c, the step S3 of FIG 9 1s explained in more detall. In this embodiment, the
frequency range Is received In step S31. In step S32, a frequency characteristic Is determined
based on the received frequency range. In step S33, an audio file 1s selected automatically, or
INn response to a user input. In step S34 the frequency characteristic is applied to the selected
audio file.
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[0056] While there are shown and described presently preferred embodiments of the
Invention, 1t i1s to be distinctly understood that the invention 1s not limited thereto but may be
otherwise variously embodied and practiced within the scope of the following claims.
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Patentkrayv

1. Indretning til at generere en tilpasset audiostream, omfattende

en identificeringsenhed (51) til understatning af identificering af et frekvens-
omrade (fr), der er forbundet med en harelidelse af en bruger af indretningen,
en tilpasningsenhed (52) til tilpasning af en frekvensegenskab af en audiofil
(af), som repraesenterer et musikstykke, hvor tilpasningen er afhaengig af det
identificerede frekvensomrade (fr), og

en audioafspiller (6) til afspilning af audiofilen (aaf), hvor audioafspilleren (6)
omfatter en equalizer eller en lydmodifikator (61) og er konfigureret til at modi-
ficere hver audiostream genereret fra audiofilen | processen,

hvor tilpasningsindretningen (52) er indrettet til at bestemme en frekvensegen-
skab pa basis af det identificerede frekvensomrade (fr), der skal anvendes pa
audiofilen (af), ved at anvende tilsvarende equalizer- eller lydmodifikatorind-
stillinger pa equalizeren eller lydmodifikatoren (61), for at generere den tilpas-
sede audiostream (aaf), hvor frekvensegenskaben star for en bandelimine-
ringsfilteregenskab til udfiltrering af det identificerede frekvensomrade, og
hvor tilpasningsenheden (52) er indrettet til at forsteerke frekvenser ved kan-
terne af det pageeldende band.

2. Indretning if@lge krav 1, hvor indretningen er en selvstaendig, mobil elektro-
nisk Indretning (8), som Indeholder identificeringsenheden (51), tilpasningsen-
heden (52) og audioafspilleren (©) I et feelles hus af den mobile elektroniske
iIndretning (8), og

fortrinsvis hvor indretningen er en blandt en baerbar audioafspiller og en beer-
pbar computerindretning.

3. Indretning ifelge krav 1,

hvor identificeringsenheden (51) er Indrettet til at styre audioafspilleren (6) til
at spille lydpraver (sosx), der er forskellige med hensyn til mindst en af en
frekvens, en volumen og en lydegenskab, og

hvor identificeringsenheden (51) omfatter en database til at lagre lydpreverne
(sosx), der er forskellige med hensyn til mindst en af en frekvens, en volumen
0g en lydegenskab.
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4. Indretning Ifalge krav 3, hvor lyadmodifikatoren (61) er konfigureret til at ge-
nerere lydpraverne (sosx), der er forskellige med hensyn til mindst en af en
frekvens, en volumen og en lydegenskab, ud fra en grundlydprave (bsos).

5. Indretning ifalge et hvilket som helst af de foregaende krav 2 til 4, omfat-
tende en grafisk greenseflade (21) til at anmode om mindst en af en bekraef-
telse, afvisning og eendring af den afspillede lydprave (sosx).

6. Indretning ifelge et hvilket som helst af de foregaende krav, hvor tilpasnings-
enheden (52) er Indrettet til at filtrere eller undertrykke det identificerede fre-

kvensomrade (fr) | audiofilen (af) for at generere den tilpassede audiostream
(aaf).

7. Indretning ifelge et hvilket som helst af de foregaende krav, omfattende en
forste selektor til at udveelge en eller flere audiofiler (af), der skal tilpasses af
tilpasningsenheden (52), ud fra en liste af audiofiler (af), der er lagret | indret-
ningen.

8. Fremgangsmade til generering af en tilpasset audiostream pa en mobil elek-
tronisk indretning, hvor den mobile elektroniske indretning udfarer trinnene
understatning af identificering af et frekvensomrade (fr), der er forbundet med
en herelidelse af en bruger af den mobile elektroniske indretning,
bestemmelse af en frekvensegenskab pa basis af det identificerede frekvens-
omrade (fr), hvor frekvensegenskaben star for en bandelimineringsfilteregen-
skab til udfiltrering af det identificerede frekvensomrade og indeholder forstaer-
kede frekvenser ved kanterne af det pageeldende band,

tilpasning, ved hjeelp af en tilpasningsenhed (52) af den mobile elektroniske
Indretning, af en frekvensegenskab af en audiofil (af), som repraesenterer et
musikstykke, afhaengigt af det identificerede frekvensomrade (fr), ved at an-
vende den bestemte frekvensomradeegenskab pa audiofilen ved at anvende
tilsvarende equalizer- eller lydmodifikatorindstillinger pa en equalizer eller lyd-
modifikator (61) af en audioafspiller (6) af den mobile elektroniske indretning,
afspilning af audiofilen ved hjeelp af audioafspilleren, hvor audioafspilleren mo-
dificerer hver audiostream, der genereres ud fra audiofilen, | processen ved at



10

15

20

25

DK/EP 3136755 T3

anvende de tilsvarende equalizer- eller lydmodifikatorindstillinger til at gene-
rere den tilpassede audiostream.

9. Fremgangsmade ifalge krav 8, hvor trinnet med identificering af frekvens-
omradet (fr) omfatter afspilning af en eller flere lydpraver (sosx) for brugeren
0g, som reaktion pa at modtage en brugerindlzesning, bestemmelse af fre-
kvensomradet (fr).

10. Fremgangsmade ifalge krav 8 eller krav 9, hvor trinnet med tilpasning af
frekvensegenskaben af audiofilen (af) omfatter filtrering af audiofilen (af) 1 det
identificerede frekvensomrade (fr) eller undertrykkelse af det identificerede fre-
kvensomrade (fr) i audiofilen (af).

11. Moblil elektronisk Indretning omfattende et computerleesbart medium,
hvorpa der er lagret et computerleesbart element, som omfatter computerlaes-
bare kodemidler til at udf@re en fremgangsmade ifalge et hvilket som helst af
de foregaende krav 8 til 10, nar det eksekveres pa en behandlingsenhed (81)
af den mobile elektroniske indretning.

12. Serversystem, omfattende et computerlaesbart medium, hvorpa der er lag-
ret et computerleesbart element omfattende computerlaesbare kodemidler,
hvilket computerleesbare element kan downloades til brugere via et egnet
transmissionsnetveerk, og hvilket computerleesbare element indeholder en ap-
plikation og udfa@rer en fremgangsmade ifalge et hvilket som helst af de fore-
gaende krav 8 til 10, nar det er downloadet pa en mobil elektronisk indretning
og eksekveres pa en behandlingsenhed (81) af den mobile elektroniske ind-
retning.
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