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SOUND ENRICHMENT FOR THE RELIEF OF TINNITUS IN DEPENDENCE OF SOUND

ENVIRONMENT CLASSIFICATION

The present invention relates to a new sound enrichment system adapted for the provision

of relief of tinnitus. The present invention further relates to a software program

implementing a part of the sound enrichment system. Additionally, the present invention

further relates to a method of providing an enriched sound signal for the provision of relief

of tinnitus.

Tinnitus is the perception of sound in the human ear in the absence of corresponding

external sound(s). Tinnitus is considered a phantom sound, which arises in the auditory

system. For example, a ringing, buzzing, whistling, or roaring sound may be perceived as

tinnitus. Tinnitus can be continuous or intermittent, and in either case can be very

disturbing, and can significantly decrease the quality of life for one who has such an

affliction.

Tinnitus is not itself a disease but an unwelcome symptom resulting from a range of

underlying causes, including psychological factors such as stress, disease (infections,

Menieres Disease, Oto-Sclerosis, etc.), foreign objects or wax in the ear and injury from

loud noises. Tinnitus is also a side-effect of some medications, and may also result from

an abnormal level of anxiety and depression.

The perceived tinnitus sound may range from a quiet background sound to a signal loud

enough to drown out all outside sounds. The term 'tinnitus' usually refers to more severe

cases. A 1953 study of 80 tinnitus-free university students placed in a soundproofed room

found that 93% reported hearing a buzzing, pulsing or whistling sound. However, it must

not be assumed that this condition is normal - cohort studies have demonstrated that

damage to hearing from unnatural levels of noise exposure is very widespread.

Tinnitus can, to date, not be surgically corrected and since, to date, there are no approved

effective drug treatments, so-called tinnitus maskers have become known. These are

small, battery-driven devices which are worn like a hearing aid behind or in the ear and

which, by means of artificial sounds which are emitted, for example via a hearing aid

speaker into the auditory canal, to thereby psycho acoustically mask the tinnitus and thus

reduce the tinnitus perception.

The artificial sounds produced by the maskers are often narrow-band noise. The spectral

position and the loudness level of the noise can often be adjusted via for example a

programming device to enable adaptation to the individual tinnitus situation as optimally as



possible. In addition, so-called retraining methods have been developed, for example

tinnitus retraining therapy (Jastreboff PJ. Tinnitus habituation therapy (THI) and tinnitus

retraining therapy (TRT). In: Tyler RS, ed. Handbook of Tinnitus. San Diego: Singular

Publishing; 2000:357-376) in which, by combination of a mental training program and

presentation of broad-band sound (noise) near the auditory threshold, the perceptibility of

the tinnitus in quiet conditions is likewise supposed to be largely suppressed. These

devices are also called "noisers" or "sound enrichment devices". Such devices or methods

are for example known from DE 29718 503, GB 2 134 689, US 2001/0051776, US

2004/0131200 and US 5,403,262.

Another system is known from WO 2004/098690, wherein spatial filtering is used in a

binaural hearing aid system, i.e. a hearing aid system containing two hearing aids, wherein

the input signals to the two devices are manipulated in such a way that the perceived

direction of origin of the input signal is altered in a number of different ways. It is

mentioned that the spatial filtering may be obtained by changing the spectral properties of

the incoming sound signal along with a manipulation of the phase and signal level of the

incoming sound signal. For example, the signal level is manipulated in dependence of the

input signal level in resemblance with an automatic gain control circuit. It is alleged that

such a system may provide relief for, and even treatment of, tinnitus.

From US 6,047,074 is known a hearing aid comprising a signal generator for the provision

of a noise signal employable in tinnitus therapy. The disclosed hearing aid also includes a

signal analysis stage by which the input signal of the hearing aid may be analyzed. The

input signal spectrum can then be analyzed in order to find out if an adequately high signal

level is present in the frequency range that is needed for tinnitus therapy. If this is the

case, then the signal generator is not activated. If however, the input signal level is low,

then the signal generator is activated. The decision to apply the tinnitus therapy signal is

thus merely based on the input signal of the hearing aid.

Although present day tinnitus maskers to a certain extent may provide immediate relief of

tinnitus, the masking sound produced by them may adversely affect the understanding of

speech, partly because S/N (Speech/Noise) ratio would be lower due to the addition of

noise, and partly because persons suffering from tinnitus often also suffer from a reduced

ability to understand speech in noise as compared to people with normal hearing.

For many people, the known maskers will not provide any long term relief of tinnitus.

Recent research conducted by Del Bo, Ambrosetti, Bettinelli, Domenichetti, Fagnani, and

Scotti "Using Open-Ear Hearing Aids in Tinnitus Therapy", Hearing Review, Aug. 2006,



has indicated that better long term effects for tinnitus relief may be achieved if so-called

habituation of tinnitus is induced in a tinnitus sufferer by using sound enrichment by sound

from the ambient environment. The rationale behind habituation relies on two fundamental

aspects of brain functioning: Habituation of the reaction of the limbic and sympathetic

system, and habituation of sound perception allowing a person to ignore the presence of

tinnitus. While tinnitus maskers emit sounds that either partly or completely cover the

perceived sound of tinnitus, Del Bo, Ambrosetti, Bettinelli, Domenichetti, Fagnani, and

Scotti suggest the use of environmental sounds amplified by a hearing aid or by

application of artificial sounds, such as band limited noise.

It is thus an object of the invention to provide a sound enrichment system adapted for the

provision of relief of tinnitus that would not adversely affect a user's understanding of

speech during use of the sound enrichment system.

It is a further object of the invention to provide an alternative method of providing a noise

enriched sound signal, for the provision of relief of tinnitus that would not adversely affect a

user's understanding of speech.

It is an even further object of the invention to provide a software program product stored on

a machine readable data storage device which when executed on a processing device at

least in part executes the method of providing a noise enriched sound signal.

According to the present invention, the above-mentioned and other objects are fulfilled by

a sound enrichment system adapted for the provision of relief of tinnitus, the sound

enrichment system comprising: A noise generator for the provision of a noise signal, an

output transducer that is adapted to convert the noise signal to an acoustic signal that

during use of the sound enrichment system is presented to a user, wherein the sound

enrichment system further comprises an environment classifier that is adapted to classify

the ambient sound environment of the sound enrichment system, and wherein the sound

enrichment system is adapted to adjust the noise signal in dependence of the

classification. Thus, conversion of the noise signal preferably comprises conversion of an

adjusted noise signal. In an embodiment, only the adjusted noise signal is converted to an

acoustic signal.

Hereby is achieved a sound enrichment system that for example may be adapted to

provide an adjustment of the acoustical noise signal, so that it may have a lower average

signal pressure level in those situations wherein noise is present in the ambient sound

environment, since in those situations the provision of additional noise by the noise

enrichment system may not be needed. Also the adjustment may be performed in



dependence of what kind of noise is already present in the ambient noise environment.

Another advantage is that the adjustment of the generated noise signal may be dependent

on whether speech is present in the ambient sound environment. For example the

adjustment of the generated noise signal may be performed in such a way that the

provided acoustical noise signal may be damped to such an extent that it does not

interfere with a user's perception of the speech. This may be of importance to many users

of the inventive sound enrichment system, because speech is very often a sound that is

desirable for a user of the sound enrichment system to hear. This may be especially

important for those tinnitus sufferers which in addition to tinnitus also suffer from a reduced

ability to understand speech in noise, because an addition of an acoustical noise signal

generated by the sound enrichment system may adversely affect the tinnitus sufferer's

intelligibility of speech.

In a preferred embodiment of the present invention, the environment classifier comprises a

speech detector. In one preferred embodiment of the invention, the environment classifier

is a speech detector. A speech detector according to an aspect of the present invention

may for example be adapted to detect presence of speech by analyzing the envelope of an

input signal. In an embodiment of the invention, the environment classifier is adapted to

classify the ambient environment according to a number of distinguishable sound classes.

These sound classes can for example comprise: clean speech (or substantially clean

speech), and/or speech in noise or music and/or noise. The noise sound class can for

example be subdivided into a number of different types of noise classes, for example:

Traffic noise, wind noise, restaurant noise, or "cocktail party" noise. Cocktail party noise is

usually the sound field generated when many (at least two) people are talking substantially

simultaneously in the same room or environment. A sound class can be any combination

of the above mentioned sound classes, i.e. for example speech in traffic noise, music in

cocktail party noise, etc. The presence of a sound class (which may be a combination of

individual sound classes) as determined by the environment classifier will preferably

influence the specific adjustment (or modulation(s)) of the generated noise signal, so that

an optimal adjustment of the noise signal used for relief of tinnitus may be achieved in

each type of sound environment. Preferably, the adjustment of the noise signal is done in

such a way as to provide maximum speech intelligibility and at the same time provide

maximum relief of tinnitus. In an embodiment, a user of the sound enrichment system may

set whether the sound enrichment system shall provide maximum speech intelligibility or

maximum relief of tinnitus. In a preferred embodiment, a user may adjust the degree of

provision of relief of tinnitus in relation of the degree of speech intelligibility. A user may



adjust or set the relation for instance using a physical switch, like for example a toggle

wheel or another form of mechanical or electrical (or optionally magnetic, magneto-

resistive or giant magneto-resistive) contact. Alternatively or in combination, such a switch

may be software controlled. Such a software controlled switch may for example be

enabled or disabled by a user, by a suitable choice of program(s).

Since traditional sound enrichment often has to be used for many months in order to

achieve the habituation of a person's perception of tinnitus, the monotony of the used

sound signal may be annoying and uncomfortable for some users to listen to. It is thus a

further object of the present invention to provide an alternative sound enrichment system

adapted for the provision of relief of tinnitus that would be comfortable for many users to

listen to. Thus, in one embodiment of the present invention the above mentioned

adjustment may comprise random or pseudo-random modulations of the noise signal.

This may for example be achieved by the provision of a sound enrichment system with a

signal modulator that is adapted to randomly or pseudo-randomly modulate the generated

noise signal. The monotony of the noise signal may thus be broken whereby it is achieved

that the (modulated) noise signal would be comfortable for many users to listen to, even for

longer periods of time.

Modulation of the noise signal is an operation on the signal, which mathematically can be

understood as a mapping or transformation of a mathematical representation of the signal.

Thus, a modulation may be understood as an adjustment (the adjustment also

mathematically comprising the identical mapping, i . e. a "zero" adjustment, which means

that the adjustment comprises no modification of the noise signal). Practically, a

modulation of the noise signal may be achieved by a multiplication of the noise signal by

another suitable signal, where the suitable signal may be selected or generated in

dependence of a classification of the ambient sound environment of the sound enrichment

system according to the invention. The suitable signal may for example in some

circumstances be a Zero signal, whereby it is achieved that the noise signal is

extinguished. However, under other conditions the suitable signal may be a suitably

varying signal. This suitable signal may be understood as a modulation signal, by which

the noise signal is modulated.

The modulator and the noise generator may comprise one single unit, whereby it would be

possible to generate a randomly or pseudo-randomly modulated noise signal. Further, the

noise generator and the modulator may in one embodiment comprise two separate units

that may be operatively connected to each other.



In a preferred embodiment of the invention, the noise generator is a noise generator that

generates a white noise signal. White noise is a random signal (or process) with a flat

power spectral density within the operating frequency range of the noise generator. In

other words, the signal's power spectral density has equal power in any frequency band, at

any centre frequency, with a specific bandwidth.

The term white noise is also commonly applied to a noise signal which has zero

autocorrelation. The signal is then "white" in the frequency domain. In one embodiment of

the invention the noise generator may be adapted to generate a white noise signal in the

frequency domain. Being uncorrelated in time does not, however, restrict the values a

signal can take. Any distribution of values is possible.

For example, a binary signal which can only take on the values 1 or 0 will be white if the

sequence of zeros and ones is statistically uncorrelated. Noise having a continuous

amplitude distribution, such as a normal distribution, can also be white. It is often

incorrectly assumed that Gaussian noise (i.e. noise with a Gaussian amplitude distribution)

is necessarily white noise. However, neither property implies the other. The term Gaussian

refers to the way signal values are distributed, while the term 'white' refers to correlations

at two distinct times, however correlations are independent of the noise amplitude

distribution. In another embodiment of the invention the noise generator may be adapted to

generate Gaussian white noise or Poissonian white noise. Hereby, a noise generator is

provided that is adapted to generate white noise that is a good approximation of many

real-world situations and which may be generated by use of standard mathematical

models. A further advantage of Gaussian white noise is that its values are independent.

For certain users of the inventive sound enrichment system it may be advantageous to use

frequency weighing of noise (commonly referred to as coloration). Thus in an alternative

embodiment of the invention the noise generator may be adapted to generate a noise

signal that has another colour than white, for example pink, blue or brown.

The random or pseudo-random modulations of the noise signal may in an embodiment

comprise randomly or pseudo-randomly choosing a modulation value from an event space

of modulation values. In an embodiment of the invention, the event space of modulation

values is a predetermined event space from which the modulation value is chosen.

The random or pseudo-random modulations of the noise signal may, alternatively or

additionally, comprise randomly or pseudo-randomly choosing a modulation period from an

event space of modulation periods. In an embodiment of the invention, the event space of

modulation periods is a predetermined event space from which the modulation period is



chosen. The modulation period may for example be the time-span between modulation

events, such as the time span between two chosen modulation values. Preferably, the

modulation period is the time-span between two successively chosen modulation values.

In an embodiment of the invention, the modulator may be adapted to modulate the noise

signal according to a method comprising the steps of: Randomly or pseudo-randomly

choosing a modulation value from an event space of modulation values, and randomly or

pseudo-randomly choosing a modulation period from an event space of modulation

periods.

In yet an embodiment of the invention, the modulation value or the modulation period is

fixed to a certain value.

An aspect of the invention relates to a noise generator for the generation of an audio signal

(which audio signal may be converted to a sound signal in an output transducer, such as a

speaker, loudspeaker or a receiver), wherein the noise generator comprises a signal

modulator which is adapted to modulate the audio signal according to a method that

comprises the steps of: Randomly or pseudo-randomly choosing a modulation value from

an event space of modulation values, and randomly or pseudo-randomly choosing a

modulation period from an event space of modulation periods.

In order to provide a less monotonous noise signal, the sound enrichment system may

according to another preferred embodiment of the invention be adapted to adjust the

amplitude of the noise signal, wherein the adjustment may comprise a modulation of the

noise signal. This may for example be achieved by a sound enrichment system comprising

at least one signal modulator that may be adapted to modulate the amplitude of the noise

signal that is generated by the noise generator.

In order to provide an even less monotonic noise signal, the sound enrichment system

may according to another preferred embodiment of the invention be adapted to modulate

the amplitude of the noise signal at a slower rate than the rate of the amplitude variations

that are inherent in the noise signal. This may for example be achieved by a sound

enrichment system comprising at least one signal modulator that is adapted to modulate

the amplitude of the noise signal at a slower rate than the rate of the amplitude variations

that are inherent in the noise signal. Furthermore, such slower modulations would, for

many users, be more comfortable to listen to than fast modulations.

In one embodiment of the invention the rate at which the amplitude modulations is

performed, may be somewhere between 0.5 seconds and 20 seconds (i.e. the event space



of modulation periods is in this embodiment the interval [0.5 seconds - 20 seconds]),

preferably between 1 second and 15 seconds, and yet even more preferably between 2

seconds and 10 seconds. The intervals may in another embodiment refer to the period of

modulation.

Alternatively, the rate at which the amplitude modulations is performed, may be a certain

suitably chosen order of magnitude slower than the rate of the amplitude variations that

are inherent in the noise signal. For example, the rate at which the amplitude modulations

is performed may be a factor of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, or 300 slower

than the rate of the amplitude variations that are inherent in the noise signal.

The size (or value) of the amplitude modulations of the noise signal may in a preferred

embodiment of the invention be somewhere between 0 dB and 20 dB (i.e. the event space

of modulation values is in this embodiment the interval [0 dB - 20 dB]), preferably between

0 dB and 15 dB, even more preferably between 0 dB and 10 dB, and yet even more

preferably between 0 dB and 7 dB. For example the size (or value) of the amplitude

modulations of the noise signal may be chosen (possible randomly or pseudo-randomly

chosen) to be 0 dB, or 1 dB, or 2 dB, or 3 dB, or 4 dB, or 5 dB, or 6 dB, or 7 dB. Note that

modulation values may as well range between 0 dB and downwards instead of upwards as

indicated above. Likewise, modulation values may as well comprise both positive and

negative values measured in dB.

In an alternative preferred embodiment of the sound enrichment system according to the

invention, the adjustment of the noise signal may comprise a modulation of selected

spectral characteristics of the noise signal. This may for example be achieved by a sound

enrichment system with at least one modulator that may be adapted to modulate selected

spectral characteristics of the noise signal. Hereby is achieved an alternative way of

providing a non-monotonic noise signal that would be more comfortable for many users to

listen to. This alternative embodiment of the invention may be combined with an

embodiment according to the description above.

Preferably the modulation of selected spectral characteristics of the noise signal may be

performed at a slower rate than the rate of variations of the selected spectral

characteristics that are inherent in the noise signal, to thereby provide a modulated noise

signal that is even more desirable and comfortable for many users to listen to.

In a preferred embodiment of the invention, the sound enrichment system comprises a

noise generator and at least one signal modulator (possibly provided as a single unit) that

may be adapted to generate a modulated noise signal, wherein both the amplitude and



selected spectral characteristics of the noise signal may be modulated, for example

substantially simultaneously.

A preferred embodiment of the invention the sound enrichment system may further

comprise a spectral shaping filter that may be adapted to at least in part filtering the noise

signal, and wherein the adjustment of selected spectral characteristics of the noise signal

may comprise a variation of the frequency response of the spectral shaping filter. This may

for example be achieved by a sound enrichment system according to the invention with at

least one signal modulator that is adapted to modulate selected spectral characteristics of

the noise signal by a variation of the frequency response of the spectral shaping filter.

Hereby is achieved an easily configurable implementation of the modulation of the

selected spectral characteristics of the generated noise signal, in which standard filter

theory may be utilized.

The modulation of the frequency response of the spectral shaping filter may in one

embodiment of the invention comprise a modulation of at least one of the filter parameters

chosen from the group: Stop-band frequency, slope/octave, number and/or placement of

the poles and/or zeroes of the filter transfer function, or any combination of the filter

parameters. Thus, the modulation value comprises in this case one or more values

identifying the relevant filter parameters).

In one embodiment of the invention the spectral shaping filter may be a single band pass

filter. The frequency range of the band pass filter may preferably be in the range of 0.2 kHz

to 15 kHz, more preferably in the range of 0.4 kHz to 10 kHz, or in the range of 0.5 kHz to

7 kHz, or yet more preferably in the range of 0.7 kHz to 7 kHz, for example in the range of

1 kHz to 6 kHz.

The spectral shaping filter may comprise a set of suitably chosen filters, for example a set

of bandpass filters, whereby the noise signal may be filtered and further, the modulation of

the amplitude or the spectral characteristics of the generated noise signal may be

performed in each band. Further, the modulation of the amplitude or the spectral

characteristics of the generated noise signal may be performed in only some of the bands.

In one embodiment of the invention both the modulation of the amplitude and the spectral

characteristics of the generated noise signal may be performed in each band. The

modulation of the amplitude and the spectral characteristics of the generated noise signal

may be performed in only some of the bands. The frequency range of the set of bandpass

filters may cover any of the frequency ranges mentioned above.



In a preferred embodiment of the invention, the spectral shaping filter may comprise a low-

pass filter and a high-pass filter. The cut-off frequency of the low-pass filter may for

example range from 0.5 kHz to 3 kHz, and the cut-off frequency of the high-pass filter may

for example range from 2 kHz to 6 kHz.

In order to achieve computational simplicity, the spectral shaping filter may in one

embodiment be a Butterworth filter, for example a third order HR Butterworth filter.

However 2'nd order filtering may be used instead in order to reduce computational

requirements. Alternatively, the spectral shaping filter may in one embodiment of the

invention comprise a Chebyshev filter or a Finite Impulse Response (FIR) filter.

In order to account for nonlinearities in the output transducer, which preferably is a

receiver, the sound enrichment system according to the invention may in one embodiment

further comprise a transducer response equalization filter that may be provided in the

signal path of the noise signal between the noise generator and the output transducer.

In a preferred embodiment of the sound enrichment system according to the invention the

modulations of the spectral characteristics of the noise signal may enable the frequency

range of the noise signal to be adjusted, for example by adjusting suitably chosen

stopband and/or passband frequencies of the spectral shaping filter. For example the

frequency range may even be individually adjustable (for example by a fitter), possibly to

exclude the frequency range of the perceived tinnitus of a tinnitus sufferer. Alternatively,

the frequency range of the noise signal may be adjusted to a certain suitably chosen

default range, whereby the desired habituation may be achieved. In an embodiment of the

present invention, modulation of selected spectral characteristics of the noise signal

comprises a frequency shift of at least one or more parts of the noise signal generated by

the noise generator. For instance, a narrow noise signal may be frequency shifted such

that the resulting modulated noise signal cover a desired frequency range.

In one embodiment of the sound enrichment system according to the invention, the

frequency range of the noise signal may be individually adapted to comprise frequencies

substantially lower than the frequency of the perceived tinnitus. This way habituation of the

perceived tinnitus may be achieved, since many users will subconsciously focus on the

more pleasant randomly or pseudo-randomly generated low frequency noise signal, and in

the course of time adapt their brains to ignore the perceived tinnitus altogether. As such

sound enrichment is significantly different from masking, since masking is achieved by

drowning the perceived tinnitus by a competing signal that is sensed by the sensi-neural

cells of a user's ear. Sound enrichment may bring about an effect on a much higher level



in a user's auditory system, which will enable him or her to at least in part ignore the

perceived tinnitus.

Since many persons that suffer from tinnitus also suffer from a hearing loss, the sound

enrichment system according to a preferred embodiment of the invention may form part of

a hearing aid. Hereby it is achieved that the hearing aid may be able to account for both

the hearing loss of a user as well as providing relief for a user's perceived tinnitus. In this

embodiment, the output transducer of the hearing aid is the same as the output transducer

of the sound enrichment system.

A hearing aid may comprise a sound enrichment system according to the present

invention. In a preferred embodiment of the invention, the hearing aid comprises: A

microphone for the provision of an input signal, a signal processor for processing of the

input signal into an output signal, including (preferably frequency dependent) amplification

of the input signal for compensation of a hearing loss of a wearer of the hearing aid, and a

receiver for the conversion of the output signal into an output sound signal to be presented

to the user of the hearing aid, wherein the hearing aid further comprises a noise generator

for the provision of a noise signal having a certain average signal level and means for

adding the noise signal to the output signal of the signal processor. The hearing aid may

further comprise at least one signal modulator that is adapted to randomly or pseudo-

randomly modulate the noise signal and means for adding the modulated noise signal to

the output signal of the signal processor.

The hearing aid may be a behind-the-ear (BTE), in-the-ear (ITE), completely-in-the-canal

(CIC), receiver-in-the-ear (RIE) or otherwise mounted hearing aid.

In one embodiment of the invention the hearing aid may further comprise a portable

personal device that may be operatively connected to the hearing aid processor by for

example a wireless or wired link, wherein the portable personal device comprises a noise

generator for the provision of a noise signal having a certain average signal level, and

wherein the hearing aid signal processor is adapted to perform the modulation of the noise

signal. Hereby is achieved that processing power and memory required for the generation

of the noise signal is removed from the hearing aid, which usually has very limited

processing power and memory capabilities.

The portable personal device is preferably of such a size and weight that it may easily be

adapted to be body worn. In a preferred embodiment the portable personal device may be

any one of the following: A mobile phone, a PDA, a special purpose portable computing

device. The link between the portable personal device and the hearing aid may for



example be provided by an electrical wire or a suitable wireless connection, such as a Blue

Tooth connection.

Scientific investigations conducted by Del Bo, Ambrosetti, Bettinelli, Domenichetti,

Fagnani, Scotti, reported in "Using Open-Ear Hearing Aids in Tinnitus Therapy", Hearing

Review, Aug. 2006, show that particularly good results, within a much shorter period of

time than is traditionally used, may be obtained if so-called open fitting hearing aids are

used in combination with sound enrichment. Thus, in a preferred embodiment of the

invention the hearing aid (comprising the inventive sound enrichment system) may be

adapted for being openly fitted to the ear of a user. Such an openly fitted hearing aid may

for example be a Resound Air hearing aid or any equivalent hearing aid. Furthermore it

may be a Resound Air type of hearing aid, wherein the receiver is adapted for being

situated in the ear canal of a user. The scientific investigations regarding openly fitted

hearing aids used in combination with sound enrichment is further supported by theoretical

arguments, since for example persons with tinnitus very often suffer from mild to moderate

hearing losses typically at frequencies higher than 1.5 kHz - 2 kHz and with limited

associated hearing handicap. The so-called pitch of the tinnitus is often found in the

frequency range of 3 kHz - 8 kHz. Furthermore, noise enrichment having a level less than

10 - 15 dB above the audiometric threshold is often sufficient for tinnitus relief. Because

openly fitted hearing aids do not occlude the ear canal significantly, and therefore do not

induce any major sound attenuation, good amplification within the 2 kHz- 6 kHz range can

be achieved, supported by effective feedback suppression systems. Thus, these openly

fitted hearing aids provide exceptional characteristics for sound enrichment.

The hearing aid may comprise a volume control that is adapted to be switched between

controlling the level of the noise signal and the hearing aid gain. Hereby is achieved that

the volume control of the hearing aid may be used to control the overall level of the noise

signal used for the relief of tinnitus and to control the gain of the hearing aid, whereby two

separate controls for those two operations is avoided and therefore maximum exploitation

of the limited space in a hearing aid is achieved.

The switching between controlling the hearing aid gain and the level of the noise signal

may be performed manually. Alternatively or additionally, the switching may be performed

in dependence of a classification of the ambient sound environment. By switching

manually, it is achieved that the user may actively choose between using the volume

control to control the hearing aid gain or the level of the noise signal. Furthermore, since

the switching may be performed in dependence of a classification of the ambient sound



environment, it may for instance be achieved that the volume control is used to control the

hearing aid gain when the level of the noise signal is low (or the sound enrichment system

is inactive), and, similarly, that the volume control for instance may be used to control the

level of the noise signal when the level of the noise signal is high (or simply when the

sound enrichment system is active).

In an embodiment of the invention the volume control is automatically switched to control

the level of the noise signal when the sound enrichment system is active, while the hearing

aid gain at the same time is controlled by an automatic gain control of the hearing aid.

Such an automatic gain control may be any kind of automatic gain control known in the art.

In an embodiment of the invention, the sound enrichment system and the volume control of

the hearing aid may be operatively linked to each other in such a way, that when the sound

enrichment system is activated, automatically in dependence of a classification of the

ambient sound environment or manually by the user, e.g. by choosing or switching to a

suitable program, the volume control is automatically switched to a mode wherein it may

be used to control the level of the noise signal.

Another aspect of the invention relates to a binaural hearing aid system comprising a first

and a second hearing aid (two hearing aids), wherein at the first hearing aid, and/or the

second hearing aid comprises a sound enrichment system according to the present

invention. Preferably, both the first and the second hearing aid in the binaural hearing aid

system comprises a sound enrichment system according to the present invention.

The two hearing aids of the binaural hearing aid system are in an embodiment of the

invention operatively connected to each other, and some or all potential modulations of the

amplitude and/or some or all potential modulations of selected spectral characteristics of

the noise signal may furthermore be performed in a coordinated manner between the two

hearing aids. In an embodiment, one of the two hearing aids is operatively connected to

the other and some or all potential modulations are coordinated by the one hearing aid.

The modulations can for example comprise amplitude modulations, modulations of band

pass filtering in the two hearing aids and/or any other kind of modulations mentioned in the

specification of the present patent application. In an embodiment, the modulations may be

coordinated in an asynchronous manner between the two hearing aids, the modulations

may for instance be slightly phase shifted relative to each other. Slightly asynchronous

relations between the amplitude envelope and frequency band pass filtering between the

two hearing aids may make it sound much like listening to breaking waves, as if the user of



the binaural hearing aid system is standing on a beach and listening to the waves. Hereby,

an even more comfortable noise signal for tinnitus relief is provided for.

The generation of the noise signal and/or the adjustment of the noise signal may be

implemented in a software program stored on a machine readable data storage device

which when executed on a processing device may be adapted to generate the adjusted (or

modulated) noise signal. The noise generator and/or the signal modulator may in a

preferred embodiment of the invention be implemented in a software program stored on a

machine readable data storage device which when executed on a processing device is

adapted to generate the modulated noise signal. The processing device may in one

embodiment be a signal processor in a hearing aid; preferably it may be a digital signal

processor. Furthermore, the spectral shaping filter and/or the signal level adjuster and/or

the receiver response equalization filter may be implemented in a software program stored

on a machine readable data storage device as referred to above. Hereby is achieved that

all parts of the sound enrichment system except the output transducer may be

implemented in software. Thus, in those embodiments of the sound enrichment system

according to the invention, wherein the sound enrichment system forms part of a hearing

aid, and the output transducer of the sound enrichment system is the receiver of the

hearing aid, the generation of a (randomly or pseudo-randomly) modulated noise signal

may be implemented in a software program that may be a standard program that may be

enabled in a signal processor of the hearing aid. This enables the use of sound enrichment

as an add-on feature that may be used in a hearing aid, especially an add-on feature of the

general software package of a hearing aid.

A further aspect of the invention relates to a method of providing a noise enriched sound

signal for the provision of relief of tinnitus, the method comprising the steps of

(a) generating a noise signal,

(b) adjusting the noise signal in dependence of a sound environment classification,

(c) generating an acoustic noise signal from the modulated (or adjusted) noise signal,

wherein the acoustic noise signal during use is presented to a tinnitus suffering person.

In a preferred embodiment of the inventive method the generated noise signal is a

randomly or pseudo-randomly generated noise signal.

In one embodiment of the inventive method, the step of modulating (or adjusting) the noise

signal may comprise amplitude modulation of the generated noise signal.



The amplitude modulation of the noise signal may be performed at a slower rate than the

average rate of the amplitude variations in the noise signal.

The step of modulating (or adjusting) the noise signal may comprise a modulation of

selected spectral characteristics of the noise signal.

The modulation of selected spectral characteristics of the noise signal may be performed

at a slower rate than the rate (preferably average rate) of the selected spectral variations in

the noise signal.

The modulation of selected spectral characteristics of the noise signal may be provided by

filtering the noise signal through at least one spectral shaping filter and modulating the

frequency characteristics of the spectral shaping filter.

The modulation of the frequency characteristics of the spectral shaping filter may comprise

a modulation of at least one of the filter parameters chosen from the group: stop-band

frequency, slope/octave, number and/or placement of the poles and/or zeros of the filter

transfer function for the spectral shaping filter.

A further aspect of the invention relates to software program product stored on a machine

readable data storage device which when executed on a processing device executes at

least one of the steps of the method as described above.

A further understanding of the nature and advantages of the present invention may be

realized by reference to the remaining portions of the specification and the drawings.

In the following, preferred embodiments of the invention is explained in more detail with

reference to the drawings, wherein

Fig. 1 shows a simplified block diagram of a sound enrichment system according to the

present invention,

Fig. 2 is a block diagram illustrating an embodiment of a sound enrichment system

according to the invention with a separate signal modulator,

Fig. 3 is a block diagram illustrating an alternative embodiment of a sound enrichment

system according to the invention,

Fig. 4 is a block diagram illustrating yet another embodiment of a sound enrichment

system according to the invention,

Fig. 5 is a block diagram illustrating yet another alternative embodiment of a sound

enrichment system according to the invention,



Fig. 6 shows one embodiment of a sound enrichment system according to the invention

forming part of a hearing aid,

Fig. 7 shows an alternative embodiment of a sound enrichment system according to the

invention forming part of a hearing aid,

Fig. 8 shows a simplified flow diagram of a method of providing a noise enriched sound

signal for the provision of relief of tinnitus,

Fig. 9 shows an alternative embodiment of a sound enrichment system according to the

invention forming part of a hearing aid,

Fig. 10 schematically illustrates a binaural hearing aid system according to the invention,

and

Fig. 11 shows an example of an attenuation curve for amplitude modulations of a noise

signal as function of time.

The present invention will now be described more fully hereinafter with reference to the

accompanying drawings, in which exemplary embodiments of the invention are shown.

The invention may, however, be embodied in different forms and should not be construed

as limited to the embodiments set forth herein. Rather, these embodiments are provided

so that this disclosure will be thorough and complete, and will fully convey the scope of the

invention to those skilled in the art. Like reference numerals refer to like elements

throughout. Like elements will, thus, not be described in detail with respect to the

description of each figure.

Fig. 1 shows a simplified block diagram of a sound enrichment system 2 according to the

present invention. The sound enrichment system 2 comprises a noise generator 4 for the

provision of a noise signal having a certain average signal level. Also shown is an output

transducer 6 that is adapted to convert the noise signal to an acoustic signal that during

use of the sound enrichment system 2 is presented to a user. The sound enrichment

system 2 further comprises at least one signal modulator (not shown) that forms an

integrated part of the noise generator 4 . The sound enrichment system 2 also comprises

an environment classifier 32 that is operatively connected to the at least one signal

modulator, which forms an integrated part of the noise generator 4. During use of the

sound enrichment system, the environment classifier 32 is, at least a part of the usage

time, coupled to the ambient sound environment, for example via a connection to an input

transducer (not shown), such as a microphone. Alternatively, the environment classifier

may simply be operatively connected to the noise generator itself to thereby influence the



generation of a noise signal in dependence of an environment classification. In this way, a

sound enrichment system 2 according to the invention may be adapted to perform sound

enrichment in dependence of classification of the ambient sound environment of the sound

enrichment system 2 , because the generation and/or modulation of the noise signal may

be performed in dependence of a classification of the ambient sound environment.

The signal modulator (not shown) is adapted to randomly or pseudo-randomly modulate

the noise signal. The integrated noise generator 4 and signal modulator (not shown) is

thus adapted to generate a randomly or pseudo-randomly modulated noise signal. The

sound enrichment system 2 comprises furthermore an (optional) signal level adjuster 8,

whereby the level of the noise signal may be adjusted. The signal level of the noise signal

may for example be adjusted by the signal level adjuster 8 in dependence of a specific

hearing loss of a user of the sound enrichment system 2, and/or the signal level of the

noise signal may for example be adjusted in dependence of the type of the perceived

tinnitus of a user of the sound enrichment system 2. In yet an alternative embodiment of

the sound enrichment system 2 the environment classifier 32 may be operatively

connected to the signal level adjuster 8 (the connection is not shown in the figure). Hereby,

the signal level of the generated noise signal may also be adjusted in a simple way in

dependence of a classification of the ambient sound environment in the sound enrichment

system 2.

In order to account for nonlinearities in the output transducer 6, the sound enrichment

system 2 may (optionally) comprise a receiver response equalization filter 10. Scientific

investigations have, however, shown that in some practical implementations a receiver

response equalization filter 10 may not be needed.

Fig. 2 is a block diagram illustrating an embodiment of the sound enrichment system 2

according to the invention that comprises a separate signal modulator 12. The signal

modulator 12 is adapted to randomly or pseudo-randomly modulate the noise signal that is

generated by the noise generator 4 . In one embodiment of the sound enrichment system 2

according to the invention, the signal modulator 12 is adapted to modulate the amplitude of

the noise signal. In an alternative embodiment of the sound enrichment system 2

according to the invention, the signal modulator 12 is adapted to modulate selected

spectral characteristics of the noise signal. In yet an alternative embodiment of the sound

enrichment system 2 according to the invention, the signal modulator 12 is adapted to

modulate both the amplitude and selected spectral characteristics of the noise signal. Also

shown in Fig. 2 is an environment classifier 32 that is adapted to at least in part classify the



ambient sound environment of the sound enrichment system 2. The environment classifier

32 is operatively connected to the at least one signal modulator 12. Thus, the modulations,

e.g. amplitude modulations and/or modulations of selected spectral characteristics, of the

generated noise signal may be performed in dependence of a classification of the ambient

sound environment of the sound enrichment system 2.

Fig. 3 is a block diagram illustrating an alternative embodiment of the sound enrichment -

system shown in Fig. 2, wherein the signal modulator 12 modulates the noise signal,

generated by the noise generator 4 , by generating a randomly or pseudo-randomly varying

modulation signal 14 for multiplication with the noise signal in the multiplier 22.

Fig. 4 is a block diagram illustrating yet another embodiment of the sound enrichment

system 2 that comprises a spectral shaping filter 16 for (at least in part) filtering the noise

signal, and wherein the at least one modulator 12 modulates selected spectral

characteristics of the noise signal by a variation of the frequency response of the spectral

shaping filter 16. Preferably, the signal modulator 12 generates a randomly or pseudo-

randomly varying modulation signal 18 that is used to modulate the frequency response of

the spectral shaping filter 16. The at least one signal modulator 12 is operatively

connected to an environment classifier 32 so that the variation of the frequency response

of the spectral shaping filter may be performed in dependence of a classification of the

ambient sound environment of the sound enrichment system 2. In an alternative

embodiment of the sound enrichment system 2, the environment classifier 32 may be

directly operatively connected (connection not shown in the figure) to the spectral shaping

filter 16 so that the frequency response of the spectral shaping filter 16 may be directly

controlled by the environment classifier 32.

Fig. 5 is a block diagram illustrating yet another alternative embodiment of a sound

enrichment system 2 according to the invention, wherein the modulator 12 generates two

modulation signals, 18 and 20. The modulation signals 18 and 20 are preferably random or

pseudo-random signals. In a preferred embodiment of the invention, the modulation

signals 18 and 20 are generated independent of each other by the modulator 12. The

signal 20 is used to modulate the amplitude of the noise signal, and the modulation signal

18 is used to modulate selected spectral characteristics of the noise signal by varying the

frequency response of the spectral shaping filter 16. The modulation signals 18 and 20 are

preferably different from each other and operate at different rates. Also shown in Fig. 5 is

an environment classifier 32 that is operatively connected to the modulator 12 that

modulates in dependence of environment classification.



Note that the blocks illustrated in Figs. 1 - 5 situated between the noise generator 4 and

the output transducer 6 may be placed in any order.

The sound enrichment system 2 illustrated in any of the Figs. 1 - 5 (preferably excluding

the output transducer 6) may be provided as a personal portable device that is adapted for

being linked with at least one hearing aid, such as a single hearing aid or a binaural

hearing aid system. Preferably, such a link is wireless, but the link may in an embodiment

be wired.

Fig. 6 shows one embodiment of a sound enrichment system 2 according to the invention

forming part of a hearing aid 24. The hearing aid 24 comprises a microphone 26 for the

provision of an input signal, a signal processor 28 that is adapted to process the input

signal according to a hearing impairment correction algorithm in a hearing impairment

correction block 30 for provision of a hearing impairment compensated output signal. The

hearing aid 24 further comprises an output transducer 6 (sometimes referred to as a

receiver) that is adapted to convert the hearing impairment corrected output signal into an

acoustical signal that during use of the hearing aid 24 is presented to a user. The output

transducer 6 of the sound enrichment system 2 also constitutes the output transducer of

the hearing aid 24. The components of the sound enrichment system 2, thus forms an

integral part of the hearing aid 24. The other components of the sound enrichment system

2 such as, the noise generator 4, the (optional) level adjuster 8 , the (optional) receiver

response equalization filter 10, the spectral shaping filter 16, and the signal modulator 12

(which signal modulator 12 in an alternative embodiment may form a part of the noise

generator) may all be implemented in a software program stored on a machine readable

data storage device that is executable on a processing device, such as for example the

signal processor 28. Hereby, the main parts of the sound enrichment system 2 according

to the invention may be provided as an add-on software program to the general hearing

aid software package (software implementations of hearing aid algorithms). Alternatively,

only some of the components mentioned above may be implemented in a software

program. For example the noise generator 4 and/or the signal modulator 12 may be

implemented in a software program stored on a machine readable data storage device

which when executed on a processing device, such as the signal processor 28, is adapted

to generate the modulated noise signal, and wherein the other components, such as the

(optional) level adjuster 8, the (optional) receiver response equalization filter 10, and the

spectral shaping filter 16 may be implemented in hardware. However, in a preferred

embodiment of the invention the spectral shaping filter 16 is implemented in a software

program. In an embodiment according to the present invention, a software program stored



on a machine readable data storage device comprises an implementation of the noise

generator 4 and the environment classifier 32.

The modulated noise signal may be connected to adder 34 by the switch 36. The switch 36

may be implemented in software. Thus, when, during use, the switch 36 is enabled, the

modulated noise signal will be added to the hearing impairment corrected output signal,

and then subsequently converted to an acoustical noise signal in the transducer 6. The

switch 36 may in one embodiment be controllable by a physical switch, like for example a

toggle wheel or another form of mechanical or electrical (or optionally magnetic, magneto-

resistive or giant magneto-resistive) contact in or on the hearing aid 24. Alternatively, the

switch 36 may be software controlled. Such a software controlled switch 36 may for

example be enabled or disabled by a user of the hearing aid 24, by a suitable choice of

program(s) (usually a hearing aid user has the possibilities of choosing between a number

of different programs, typically around 2 - 6 different programs).

For many tinnitus sufferers, the perceived tinnitus may be a highly time varying

phenomenon. Some investigations show that this time variations may be stress related.

Thus, in one embodiment of the invention, the (optional) signal level adjuster 8 may, during

use, be controlled by the volume control 38 of the hearing aid 24, the volume control 38

being adjustable by a user. This enables the user to adjust the level of the generated noise

signal in dependence of the possibly time varying perceived tinnitus. Alternatively, the level

adjuster may not be user controlled, but instead be adjusted to a default level (which would

be adequate for some users), or individually adjusted by a professional in order to, during

use, optimally provide the signal level needed for the noise signal in order to provide

optimal relief of the perceived tinnitus of a user of the hearing aid 24.

Each (or any) of the embodiments of a sound enrichment system 2 shown in Figs. 1 - 5

may form part of a hearing aid 24, and all of the blocks shown in Figs. 1 - 5 , except the

output transducer 6, may either individually or in any combination be implemented in a

software product.

The at least one modulator 12 is adapted to modulate the amplitude and/or the spectral

characteristics of the noise signal. The modulator 12 is operatively connected to the signal

path of the noise signal. Preferably the modulator 12 is operatively connected to the signal

level adjuster 8 . The modulator 12 may be adapted to generate a randomly or pseudo-

randomly varying amplitude modulation signal 20 that is multiplied to the noise signal,

whereby amplitude modulation of the noise signal is achieved. Preferably, the modulator

12 is operatively connected to the signal level adjuster 8, whereby both an overall level



adjustment of the noise signal and an amplitude modulation of the noise signal is

achieved. The modulator 12 is furthermore operatively connected to the spectral shaping

filter 16, the modulator 12 being adapted to generate a randomly or pseudo-randomly

varying spectral modulation signal 18 that is used as a control signal to randomly or

pseudo-randomly vary selected spectral characteristics of the noise signal by a variation of

the frequency response of the spectral shaping filter 16. In an alternative embodiment, the

modulator 12 may be configured to only modulate either the amplitude or the spectral

characteristics of the noise signal. In yet an alternative embodiment, the modulator 12 may

modulate the amplitude and spectral characteristics of the noise signal in steps

subsequently after each other. In an alternative embodiment, the modulator 12 comprises

two separate autonomous units.

The spectral shaping filter shown in Fig 4 or Fig. 5 or Fig. 6 (or Fig. 7 described below or

Fig. 9 described below) may comprise a band-pass filter, preferably a low-pass filter and a

high-pass filter, for example such as HR Butterworth filter(s) of second or third order or

Chebychev filter(s).

The sound enrichment system 2 forming part of the hearing aid 24 may also comprise a

classifier 32. The classifier may form a part of the hearing impairment correction block 30,

which may further comprise a compressor (not shown). The hearing impairment

compensation block 30 may partly be implemented in hardware and partly implemented in

software. The classifier 32 may be operatively connected to the modulator 12, whereby the

modulation of the amplitude and/or spectral characteristics of the noise signal may be

performed in dependence of a classification of the ambient sound environment. For

example if there is noise present in the ambient sound environment then the modulation of

the amplitude and/or spectral characteristics of the noise signal may be performed in such

a way that part of the ambient noise level may be used in the sound enrichment.

Alternatively, the classifier 32 may be directly operatively connected to the noise level

adjuster 8 (direct connection not shown). Hereby, the level of the noise signal may be

directly adjusted in dependence of a classification of the ambient sound environment.

Since speech usually is a sound that is desirable for a user of the hearing aid 24 to hear,

the generation of the noise signal may for example be turned off if speech is present in the

ambient sound environment. In yet an alternative embodiment, the classifier 32 may be

directly operatively connected to the spectral shaping filter 16 (direct connection not

shown).



As mentioned before, scientific investigations show that, sound enrichment in openly fitted

hearing aids is especially advantageous in order to achieve optimal habituation of a user's

perceived tinnitus in a short period of time (typically a period of time below 8 months to 1

year). Some of the sound that is emitted by the output transducer 6 may leak back to the

microphone 26 and then be amplified again in the hearing impairment compensation block

30. This problem is commonly referred to as feedback. This feedback problem is bigger in

openly fitted hearing aids than more traditional hearing aids. Thus, in a preferred

embodiment of the invention, the hearing aid 24 is adapted to be openly fitted to a user,

and furthermore comprise a feedback cancellation filter 40 that filters the output signal of

the hearing impairment compensation block 30 and subtracts it from the input signal from

the microphone 26 in the adder 42. The input to the feedback cancellation filter 40 may in

one embodiment of the hearing aid 24 be tapped after the adder 34, and in an alternative

embodiment tapped before the adder 34 as indicated by the dotted arrow.

Fig. 7 shows an alternative embodiment of a sound enrichment system 2 according to the

invention forming part of a hearing aid 24. The embodiment shown in Fig. 7 is essentially

similar to the embodiment shown in Fig. 6, thus only the difference between them will be

described. The difference between the embodiment shown in Fig. 7 as compared to the

embodiment shown in Fig. 6, is that in Fig. 7 the classifier 32 does not form a part of the

hearing impairment correction block 30, but is implemented as an integral part of the

sound enrichment system 2. The classifier 32 may in an alternative embodiment

furthermore be operatively connected (not shown) to the hearing impairment correction

block 30. The classifier 32 may be a neural network based classifier, a hidden Markov

model classifier, or any other kind of classifier known in the art. The classifier 32 shown in

Fig. 6 or Fig. 7 may be implemented in a software program. Furthermore, the classifier 32

shown in Figs. 1 - 7 may in one embodiment of the invention be (or comprise) a speech

detector. The speech detector may in one preferred embodiment be an envelope detector

that is adapted to detect the signal envelope of the ambient sound environment of the

sound enrichment system 2 or hearing aid 24.

Fig. 8 shows a simplified flow diagram of a method of providing a noise enriched sound

signal for the provision of relief of tinnitus, the method comprising a step 44 of generating a

noise signal, a step 46 of modulating (or adjusting) the noise signal in dependence of a

sound environment classification, and a step 48 of generating an acoustic noise signal

from the modulated (or adjusted) noise signal, wherein the acoustic noise signal during

use of the method is presented to a tinnitus suffering person. The step 46 of modulating

the noise signal may comprise the sub steps of modulating the amplitude and/or selected



spectral characteristics of the noise signal. Further, the generated noise signal may be a

random or pseudo-random noise signal.

Fig. 9 shows an embodiment of a sound enrichment system 2 according to the invention

forming part of a hearing aid 24. The embodiment shown in Fig. 9 is essentially similar to

the embodiment shown in Fig. 6, thus only the difference between them will be described.

A difference between the embodiment shown in Fig. 9 and the embodiment shown in Fig.

6 is that the embodiment illustrated in Fig. 9 comprises a switch 50. The switch 50 may be

implemented in software. In the embodiment illustrated in Fig. 9, the switch 50 has two

positions, one wherein the volume control 38 is connected to the hearing impairment

processing block 30, and another wherein the volume control 38 is connected to the signal

level adjuster 8 . Hereby, the volume control 38 can be switched between a position

wherein the volume control 38 can be used to control the level of the noise signal

generated by the noise generator 4, and a position wherein the volume control 38 can be

used to control the level of the hearing aid gain that is applied in the hearing impairment

compensation block 30. The switch 50 may in one embodiment be controllable by a

physical switch, like for example a toggle wheel or another form of mechanical or electrical

(or optionally magnetic, magneto-resistive or giant magneto-resistive) contact in or on the

hearing aid 24. Alternatively, the switch 50 may be software controlled. Such a software

controlled switch 50 may for example be enabled or disabled by a user of the hearing aid

24, by a suitable choice of program(s). Instead of two distinct positions for the switch 50, it

may also be implemented as a "soft switch" that works in such a way that the volume

control may be partly connected to the hearing impairment compensation block 30, and

partly connected to the signal level adjuster 8. In an embodiment, the switch 50 may be

operatively connected to the classifier 32, such that the adjustment of the switch 50 is

performed in dependence of a classification of the ambient sound environment. For

example if it is determined in the classifier 32 that the ambient sound environment is

substantially quiet, then the switch 50 may be automatically switched to a position, wherein

the volume control 38 will be connected to the level adjuster 8. This is due to the fact that a

user may have greater benefit from using the volume control to adjust the signal level of

the noise signal when the ambient environment is substantially quiet. Analogous, if it is

determined in the classifier 32 that the ambient sound environment comprises speech then

the switch 50 may be automatically switched to a position, wherein the volume control 38

will be connected to the hearing impairment compensation block 30. This is due to the fact

that a user may have greater benefit from using the volume control to adjust the gain of the

hearing aid 24 when the ambient environment comprises speech.



The switch 50 may be operatively connected to the switch 36, or to the noise generator 4 ,

or to the modulator 12, such that the volume control may be used to control the sound

enrichment system, i.e. to control whether the noise generator 4 is active or not, or

whether the switch 36 is enabled or not, i.e. whether the noise signal generated by the

sound enrichment system is added to the output signal from the hearing impairment

compensation block 30 in the adder 34.

In an embodiment of the invention, the switch 50 as described with reference to Fig. 9

above may be implemented in a hearing aid as shown in Fig. 7 .

In an embodiment of a sound enrichment system 2 according to the invention forming part

of a hearing aid 24 (illustrated in Fig. 6 , Fig. 7, and Fig. 9) as well as an embodiment of a

hearing aid 24 comprising a sound enrichment system 2 , the modulated noise signal

generated by the sound enrichment system 2 may be connected to an input of the hearing

impairment correction block 30, e.g. by adding the modulated noise signal to the signal

from the microphone 26 just before entering into the hearing impairment correction block.

Such an implementation may replace the implementation illustrated in Fig. 6 , Fig. 7 , and

Fig. 9 , respectively, by the adder 34.

Fig. 10 schematically illustrates a binaural hearing aid system 56 according to an aspect of

the invention. The binaural hearing aid system 56 comprises a first hearing aid 52 and a

second hearing aid 54.

The first hearing aid 52 comprises microphone 26 for the provision of a first input signal, an

A/D converter 60 for converting the first input signal into a first digital input signal, a digital

signal processor (DSP) 28 that is adapted to process the digitalized first input signal, a D/A

converter 62 for converting the processed first digital input signal into a first analogue

output signal. The first analogue output signal is then transformed into a first acoustical

output signal (to be presented to a first ear of a user) in a receiver 6.

Similarly the second hearing aid 54 comprises a microphone 26 for the provision of a

second input signal, an A/D converter 60 for converting the second input signal into a

second digital input signal, a digital signal processor (DSP) 28 that is adapted to process

the digitalized second input signal, a D/A converter 62 for converting the processed

second digital input signal into a second analogue output signal. The second analogue

output signal is then transformed into a second acoustical output signal (to be presented to

a second ear of a user) in a receiver 6.



The binaural hearing aid system 56 furthermore comprises an (optional) link 58, between

the two individual hearing aids 52 and 54. The link 58 is preferably wireless, but may in

another embodiment be wired. The link 58 enables at least one of the two hearing aids 52

and 54 to communicate with the other, i.e. it may be possible to send information from at

least one of the two hearing aids 52 and 54 via the link 58 to the other of the two hearing

aids 52 or 54. In a preferred embodiment, the link 58 enables the two hearing aids 52 and

54 to communicate with each other. The link 58, thus, enables the two digital signal

processors (both denoted 28 in Fig. 10), to perform binaural signal processing. Moreover,

the link 58 enables the two hearing aids 52 and 54 to perform the modulations of the noise

signals generated in at least one of the two hearing aids 52 and 54 in a coordinated

manner. At least one of the hearing aids 52 or 54 comprises a sound enrichment system 2

according to the invention. Preferably, both of the hearing aids 52 and 54 comprise a

sound enrichment system 2 according to the invention.

In a preferred embodiment of the invention, the first and second hearing aids 52, 54 are

the hearing aid 24 shown in Fig. 6, 7 , or 9. Hereby, it is achieved that the modulations of

the amplitude and/or selected spectral characteristics of the noise signal may furthermore

be performed in a coordinated, possibly asynchronous, manner between the two hearing

aids 52 and 54. The modulations could for example comprise amplitude modulations and

modulations of band pass filtering in the two hearing aids 52 and 54. Slightly asynchronous

relations between the amplitude envelope and frequency band pass filtering between the

two hearing aids 52 and 54 could make the modulated noise signal sound much like

listening to breaking waves, as if the user of the binaural hearing aid system 56 was

standing on a beach and listening to the waves. This way an even more comfortable noise

signal for tinnitus relief is provided for. Alternatively or additionally, the modulations in the

first hearing aid 52, could comprise amplitude modulations of the generated noise signal,

and the modulations of the noise signal in the second hearing aid 54 could comprise

modulations of selected spectral characteristics of the generated noise signal. The

modulations of the amplitude and selected spectral characteristics of the noise signal may

even be shifted between the two hearing aids 52 and 54, so that for example the first

hearing aid 52 starts in a mode wherein it generates an amplitude modulated noise signal

while the second hearing aid 54 generates a noise signal, wherein selected spectral

characteristics of a noise signal is modulated. After a certain time span the roles of the two

hearing aids 52 and 54 are reversed. This shifting between the modes of the two hearing

aids 52 and 54 may continue as long as they are turned on, and the time span between



the shifting may also be a randomly determined time span, or even be a time span that is

modulated by another signal.

The hearing aids 52 and 54 forming part of the binaural hearing aid system 56 may in one

embodiment be configured to operate in a master-slave configuration. In an embodiment of

the binaural hearing aid system 56, the two hearing aids 52 and 54 are configured to

operate in a master-slave configuration, and wherein only one of the two hearing aids 52

and 54 comprises a sound enrichment system 2. Hereby is achieved an embodiment

wherein all the signal processing associated with the generation and modulation of the

noise signal and the classification of the sound environment may be done in only one of

the two hearing aids 52 or 54, and the wherein the thus modulated noise signal may simply

be transferred to the other via the link 58. However, in a preferred embodiment of the

invention both hearing aids 52 and 54 comprise a sound enrichment system 2 according to

the invention. Hereby is achieved that only signals used to control the sound enrichment

system may need to be transferred from the master to the slave. This will lead to a

considerable saving of the energy usage, because it may require at least five times as

much battery power to transfer the noise signals itself from the master to the slave. It is

furthermore, understood that in one embodiment of the binaural hearing aid system 56

only one of the two hearing aids 52 or 54, preferably the one of the hearing aids 52 or 54

that is configured as the master hearing aid, is equipped with a volume control 38 and

possibly also a switch 50 as described above with reference to the embodiments shown in

Fig. 6, 7 and 9, and wherein the chosen (automatically or manually chosen) volume

settings is automatically applied to the other hearing aid as well, via the link 58.

In yet another preferred embodiment of the binaural hearing aid system 56 according to

the invention, each of the two individual hearing aids 52 and 54 forming part of the binaural

hearing aid system 56 comprises a sound enrichment system 2 , and each of them

comprises a volume control, wherein the volume control of one of the hearing aids 52 or 54

is used to control the hearing aid gain in both hearing aids 52 and 54, and the volume

control of the other hearing aid 52 or 54 is used to control the signal level of the noise

signal generated by the sound enrichment system 2, in both hearing aids 52 and 54.

Hereby is achieved a binaural hearing aid configuration, wherein the volume control on for

example the left hearing aid may be used to control the hearing aid gain of both the left

and the right hearing aid (via the link 58), and wherein the volume control on for example

the right hearing aid may be used to control the hearing aid gain of both the right and the

left hearing aid (via the link 58). Thus, only one volume control on each hearing aid is

necessary in order to control the two features (hearing aid gain and level of the noise



signal generated for the relief of tinnitus) of the binaural hearing aid system. Besides, it

may not be needed that the volume control is adapted to be switched between controlling

the two features mentioned above.

Fig. 11 shows an example of an attenuation curve provided by the signal modulator 12 for

amplitude modulations of noise signal as function of time. According to the illustrated

example the signal modulator 12 calculates an attenuation curve that can be applied to the

noise signal that is generated by the noise generator 4 in order to obtain a less monotonic

noise signal. The signal modulator 12 may be configured in a number of ways to provide

an attenuation curve which fits the user's requirements. For example the signal modulator

12 can be configured with the following properties: A curve attenuation level (chosen from

en event space of modulation values) and a curve time period, also generally referred to

as a modulation period (chosen from an event space of modulation periods).

The solid circles in Fig. 11 indicate a transition node. Each transition node is defined by the

following properties: An attenuation level and a time span to the previous node in time. The

time span from one node to the previous node in time is in an embodiment of the invention

the modulation period. The attenuation level (also referred to as the modulation value) may

be chosen by: Either setting the level of attenuation randomly or pseudo-randomly or by

setting it to a fixed attenuation value, and similarly the time span to the previous node may

be chosen by: Setting the time span to a random or pseudo-random value or by setting it

to a fixed time span. The range of possible attenuation levels may be chosen from an

event space of modulation values, and similarly the range of possible time spans between

two successive nodes may be chosen from an event space of modulation periods.

In a preferred embodiment of the invention the range of possible attenuation levels is

limited, i.e., the event space of modulation values is preferably limited. For example it may

be limited to attenuation levels in the range of 0 dB - 20 dB, or 0 dB - 15 dB, or 0 dB - 12

dB, or alternatively to 0 dB - 10 dB. In these mentioned examples the maximum level the

attenuation may take is 20 dB, 15 dB, 12 dB or 10 dB, respectively. In Fig. 11 the dashed

line illustrates an example of a maximum level of attenuation that can be applied by a

modulator 12. Similarly, the time span between two successive nodes may be limited, i.e.

the event space of modulation periods may be limited. For example it may be limited to

time spans of 0 - 20 seconds, 1 - 15 seconds, 2 - 10 seconds or 2 - 8 seconds. Hereby is

achieved an embodiment of the invention, wherein the modulator 12 may be adapted to

modulate the noise signal according to a method comprising the steps of: Randomly or

pseudo-randomly choosing a modulation value from an event space of modulation values,



and randomly or pseudo-randomly choosing a modulation period from an event space of

modulation periods, i.e. a dual randomization may be achieved, because both the

attenuation level, i.e. modulation value and the time span between two successive nodes,

i.e. the modulation period, is randomly or pseudo-randomly chosen from the respective

event spaces of modulation values and modulation periods, respectively.

Preferably, the hearing aid 24, 52, 54 processes sound signals in blocks of a certain

number of samples, wherein the time distance between the samples is 1 divided by the

sample frequency. As mentioned before, the solid circles in Fig. 11 indicates a transition

node. At these points in time a new set of parameters for the modulator 12 is found, i.e. a

new time span and a new attenuation level. The time span between two transition nodes

may correspond to several blocks being processed in the hearing aid 24, 52, 54. Thus a

block counter variable may be used to keep track on when a time span has elapsed,

thereby requiring a new set of parameters for the modulator 12 to be found.

The description of the amplitude modulations with reference to Fig. 11 may analogously be

applied to the modulations of selected spectral characteristics of the noise signal. It is

furthermore understood that the modulations as described with reference to Fig. 11 may

be utilized in any other embodiments described in the present patent application, for

example with reference to any of the embodiments shown in any of the other figures.



LIST OF REFERENCES

In the following is given a list of reference numbers that are used in the detailed description

of the invention.

2 sound enrichment system,

4 noise generator,

6 output transducer,

8 signal level adjuster,

10 receiver response equalization filter,

12 modulator,

14, 18, 20 randomly or pseudo-randomly varying modulation signal,

16 spectral shaping filter,

22 multiplier,

24, 52, 54 hearing aid,

26 microphone,

28 signal processor,

30 hearing impairment correction block,

32 environment classifier,

34 adder,

36 switch,

38 volume control,

40 feedback cancellation filter,

42 adder,

43 alternative input signal to the feedback cancellation filter,

44 method step of generating a noise signal,

46 method step of modulating a noise signal,

48 method step of generating an acoustic noise signal,

50 switch for volume control,



a binaural hearing aid system,

wireless link,

A/D converter, and

D/A converter.



CLAIMS

1. A sound enrichment system (2) for provision of tinnitus relief, the sound enrichment

system (2) comprising

a noise generator (4) for provision of a noise signal, and

an output transducer (6) for conversion of the noise signal to an acoustic signal that during

use of the sound enrichment system (2) is presented to a user,

characterized in that

the sound enrichment system (2) further comprises

an environment classifier (32) that is adapted to classify the ambient sound environment of

the sound enrichment system (2), and wherein the sound enrichment system (2) is

adapted to adjust the noise signal in dependence of the classification.

2. A sound enrichment system (2) according to claim 1, wherein the adjustment of the

noise signal comprises random or pseudo-random modulations.

3. A sound enrichment system (2) according to claim 2 , wherein the random or pseudo-

random modulation of the noise signal comprises randomly or pseudo-randomly choosing

a modulation value from an event space of modulation values.

4. A sound enrichment system (2) according to claim 2 or 3, wherein the random or

pseudo-random modulation of the noise signal comprises randomly or pseudo-randomly

choosing a modulation period from an event space of modulation periods.

5. A sound enrichment system (2) according to any of the claims 1 - 4, wherein the

adjustment of the noise signal comprises a modulation of the amplitude of the noise signal.

6. A sound enrichment system (2) according to claim 5 , wherein the amplitude modulation

of the noise signal is performed at a slower rate than the rate of the amplitude variations

inherent in the noise signal.

7. A sound enrichment system (2) according to any of the claims 1 - 6 , wherein the

adjustment of the noise signal comprises a modulation of selected spectral characteristics

of the noise signal.

8. A sound enrichment system (2) according to claim 7, wherein the modulation of selected

spectral characteristics of the noise signal is performed at a slower rate than the rate of

variations of the selected spectral characteristics inherent in the noise signal.



9. A sound enrichment system (2) according to claim 7 or 8, wherein the sound enrichment

system further comprises a spectral shaping filter (16) for at least in part filtering the noise

signal, and wherein the modulation of the selected spectral characteristics of the noise

signal comprises a variation of the frequency response of the spectral shaping filter (16).

10. A sound enrichment system (2) according to claim 9, wherein the modulation of the

frequency response of the spectral shaping filter (16) comprises a modulation of at least

one of the filter parameters selected from the group consisting of: Stop-band frequency,

slope, number of poles and zeroes, and location of poles and zeroes.

11. A sound enrichment system (2) according to any of the claims 1 - 10, forming part of a

hearing aid (24, 52, 54).

12. A sound enrichment system (2) according to claim 11, wherein the hearing aid (24, 52,

54) is further adapted for being openly fitted in the ear of a user.

13. A sound enrichment system (2) according to claim 11 or 12, wherein the hearing aid

(24, 52, 54) comprises a volume control (38) that is adapted to be switched between

controlling the level of the noise signal and the hearing aid (24, 52, 54) gain.

14. A sound enrichment system (2) according to claim 13, wherein the switching is either

performed manually, or in dependence of the classification of the ambient sound

environment.

15. A sound enrichment system (2) according to any of the claims 1 - 14, wherein the

adjustment of the noise signal is dependent on whether speech is present in the ambient

sound environment.

16. A sound enrichment system (2) according to any of the claims 1 - 15, wherein the

environment classifier comprises a speech detector.

17. A hearing aid (24, 52, 54) comprising a sound enrichment system (2) according to any

of the claims 1 - 16.

18. A binaural hearing aid system (56) comprising a first and a second hearing aid (24, 52,

54), characterized in that the first hearing aid (24, 52, 54) comprises a sound enrichment

system (2) according to any of the claims 1 - 17.

19 . A binaural hearing aid system (56) according to claim 18, characterized in that the

second hearing aid (24, 52, 54) comprises a sound enrichment system (2) according to

any of the claims 1 - 17.



20. A binaural hearing aid system (56) according to claim 18 or 19, wherein the first and

second hearing aid (24, 52, 54) are operatively connected to each other, and wherein the

adjustment of the noise signal is performed in a coordinated manner between the first and

second hearing aid (24, 52, 54).

2 1. A software program stored on a machine readable data storage device, the software

program being adapted for generation of a noise signal in a sound enrichment system (2)

according to any of the claims 1 - 17, the software program comprising implementation of

the noise generator (4) and the environment classifier (32).

22. A method of providing a noise enriched sound signal for the provision of relief of

tinnitus, the method comprising the steps of

(a) generating a noise signal,

(b) adjusting the noise signal in dependence of a sound environment classification,

(c) generating an acoustic noise signal from the modulated (or adjusted) noise signal,

wherein the acoustic noise signal during use is presented to a tinnitus suffering person.
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