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The hearing instrument comprises a circuit (12) for transforming an audio signal (11) into an output signal (13). This circuit (12)
comprises emphasis means for emphasising in the output signal (13) substantial intensity changes of the audio signal (11). The emphasis
means are embodied so as to emphasise the output signal (13) during a period of about 10 ms when an intensity change rate of the audio
signal (11) exceeds a predetermined value. In this way, the time domain response of a normal hearing person is approximated.
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Hearing instrument.

The invention relates to a hearing instrument comprising a circuit for
transforming an audio signal into an output signal.
The invention further relates to a circuit for transforming an audio signal into

an output signal and a method for transforming an audio signal into an output signal.

A hearing instrument according to the preamble is known from WO 96/12383.
Hearing instruments are used to improve the perception of sounds by hearing impaired persons. -
In general, such hearing instruments try to transform a received audio signal into a stimulation
signal in such a way that by stimulating a persons hearing system with that stimulation signal the
hearing of a normal hearing person is approximated as closely as possible.

In the known hearing instrument the transformation of the received audio signal
into the stimulation signal comprises the following steps: first, the audio signal is analysed in
order to identify the presence of predefined portions, e.g. phonemes, tones or chords, therein.
Next, on the basis of the identified portions the stimulation signal is determined, e.g. by using
look up tables or by mere calculation, in such a way that the time domain response of a normal
hearing person to those portions is approximated.

The transformation of the received audio signal in the known hearing

instrument is relatively complex.

An object of the invention is to provide a hearing instrument, wherein the
transformation of the received audio signal into the stimulation signal is performed in a relatively
simple manner. This object is achieved in the hearing instrument according to the invention,
which is characterized in that the circuit comprises emphasis means for emphasising in the
output signal substantial intensity changes of the audio signal. The invention is based upon the
recognition that the neural activity in a persons hearing system at the onset of a sound stimulus is

much higher than the neural activity after the onset. The more suddenly the intensity of the
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stimulus increases, the higher this activity will be. The duration of this so called short term
adaptation is in the order of magnitude of 10 ms. It is assumed that the origin of the adaptation
effect is at the inner hair-cell/auditory-nerve synapse. For persons whose hearing system is
damaged in such a way that this adaptation effect is not fully present the hearing instrument
according to the invention provides an improved perception of sounds. Experiments have shown
that, as this hearing instrument emphasises the onset of the typical intensity increases of speech,
the speech intelligibility for users can be improved considerably.

An embodiment of the hearing instrument according to the invention is
characterized in that the circuit further comprises filter means for filtering the audio signal,
whereby the filter means are coupled to the emphasis means so that substantial intensity changes
of the filtered audio signal are emphasised in the output signal. In order to approximate a persons
hearing system, it can be advantageous to split the frequency spectrum of the received audio
signal into several frequency bands or channels. For instance, if the hearing instrument comprises
a cochlear implant this can be used to simulate the tonotopic organisation of the cochlea.

A further embodiment of the hearing instrument according to the invention is
characterized in that the emphasis means comprise a peak generator for generating from the
audio signal a peak signal and including means for including the peak signal in the output signal.
By this measure sudden changes in the intensity of the audio signal are transformed into peak
signals which are included in the output signal. The duration of these peak si gnals is preferably in
the order of magnitude of 10 ms. The inclusion of the peak signals in the output signal

emphasises the onset of substantial intensity changes in the audio signal.

The above object and features of the present invention will be more apparent
from the following description of the preferred embodiments with reference to the drawings,
wherein:

Figure 1 shows a block diagram of a hearing instrument according to the
invention,

Figure 2 shows a block diagram of a circuit for transforming an audio signal
into an output signal according to the present invention,

Figures 3 and 4 show diagrams of signals generated by the circuit according to
the present invention.

In the Figures, identical parts are provided with the same reference numbers.



10

15

20

25

30

WO 99/65276 PCT/1B99/01021

Figure 1 shows a block diagram of a hearing instrument according to the
invention. Such a hearing instrument can be used to improve the perception of sounds by a
hearing-impaired user. The hearing instrument comprises a microphone 10 for converting a
received sound signal into an electric audio signal 11. This audio signal 11 is transformed in a
circuit 12 into an electric output signal 13, which is subsequently converted in a converter 14 to a
form which is suitable for the user of the hearing instrument. For instance, if the hearing
instrument comprises a conventional hearing instrument which is used by a person who has not
completely lost the ability to hear sounds the converter 14 may convert the electric output signal
13 into a sound signal. On the other hand, if the hearing instrument comprises a cochlear implant
which is used by a substantially deaf person the converter 14 may convert the electric output
signal 13 into a signal which can be used to electrically stimulate the auditory nerves in order to
obtain some level of sound perception.

In a preferred embodiment of the hearing instrument according to the invention
the hearing instrument comprises a cochlear implant. In this cochlear implant the audio signal 11
is processed according to the so called continuous interleaved sampling strategy. According to
this strategy, the audio signal 11 is first filtered by a number of different band-pass filters
covering the speech frequency range. This number corresponds to the number of electrode
channels (an electrode channel is a combination of electrode surfaces) in the cochlea. In this way
the tonotopic organisation (place-frequency coding) of the cochlea is simulated. Next, the
envelope of the filtered audio signal in each channel is determined, typically by using a rectifier
and a low-pass filter. This envelope is compressed and modulated with an electric current pulse
train in each channel.

According to several models which describe the peripheral auditory processing
of normal hearing the neural activity at the onset of a sound stimulus is much higher than the
activity after the onset. The more suddenly the intensity of the stimulus increases, the higher this
activity will be. The duration of this so called short term adaptation is in the order of magnitude
of 10 ms. It is assumned that the origin of the adaptation effect is at the inner hair-cell/auditory-
nerve synapse. Since a cochlear implant bypasses the haircells, no adaptation effect is seen in the
nerve fiber's response to electrical stimulation. Figure 2 shows a block diagram of a circuit for
transforming an audio signal into an output signal according to the present invention in which

transformation the short term adaptation effect is incorporated. A number of these circuits
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arranged in parallel may be included in the hearing instrument according to the invention. The
audio signal 11 is band-pass filtered in a filter 20 in order to simulate the tonotopic organisation
of the cochlea. By means of a rectifier 22, a channel specific amplifier 24 and a low-pass filter 26
a standard envelope is generated. The cut-off frequency of the filter 26 is 400 Hz. Next, this
standard envelope is compressed via a non-linear map in a compressor 28. From the audio signal
11 a second envelope is extracted via the rectifier 22, the amplifier 24 and a second low-pass
filter 30. The cut-off frequency of this filter 30 is much lower (for example 20 Hz) than the cut-
off frequency of the filter 26 so that a smaller ripple and a larger delay is obtained. Next, the
second envelope is amplified in an amplifier 32 and compressed in a compressor 34. By
subtracting the resulting signal from the standard envelope by means of a subtractor 36, a peak
signal is generated whenever there is a sudden increase in the intensity of the audio signal. The
duration of the peak signal is in the order of magnitude of 10 ms. This peak signal is half wave
rectified in a half-wave rectifier 38 so that only the positive values of the peak signal are retained.
Finally, the peak signal is multiplied in an amplifier 40 by a factor and added to the standard
envelope by means of an adder 42 in order to form an enhanced envelope, which emphasises the
onset of the typical intensity increases of speech resulting in an improved speech intelligibility.
The value of the amplification factor of the amplifier 40 can be different for each electric
stimulation channel and for each patient. Ideally, this value is determined via a subjective
evaluation by the implantee during a fitting session.

Sudden decreases in the intensity of the audio signal 11 can be emphasised in
the output signal 13 by resetting the output signal 13 during a period of about 10 ms. During this
period the nerves are not stimulated.

A switch 44 is used to prevent ‘false peaks' in the output signal. These can
occur when there is a rapid decay in intensity of the received audio signal after a sudden increase
in intensity. The ringing caused by the low-pass filters 26 and 30 can lead to a temporary
negative output signal, even if the audio signal remains positive. This effect is more prominent
for the filter 30, since it has a larger time constant than the filter 26, resulting in 'false peaks'. The
inclusion of these ‘false peaks’ in the output signal can be prevented by opening the switch 44
when the output of the filter 30 is negative.

Another way to incorporate the above mentioned short term adaptation effect is
to increase, during a period of about 10 ms, the frequency of the electric current pulse train which

is used to modulate the output signal 13.
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Figures 3 and 4 show typical examples of signals generated by the circuit
shown in Figure 2. In Figures 3 and 4, time (in seconds) is plotted on the horizontal axis, and
amplitude (in percentage of the dynamic range) is plotted on the vertical axis. For clarity, curve
62 in Figure 4 is plotted with an offset of -100. The audio signal 11 is the syllable /ka/, and the
band-pass filter 20 has cut-off frequencies of 3444 Hz and 5000 Hz. Curve 52 in Figure 3
represents the output of the compressor 28, curve 50 represents the output of the compressor 34.
The amplification of the amplifier 32 is chosen such that the curve 50 is lying above the curve 52
for the stationary part of the signal. However, at the onset of the speech utterance, the curve 52is
lying above the curve 50. This part is exactly the needed peak. Extraction of this peak is done by
subtracting the curve 50 from the curve 52 by means of the subtractor 36. Next, the resulting
peak signal is half wave rectified in the half-wave rectifier 38 so that only the positive values of
the peak signal are retained. Finally, the peak signal is amplified in the amplifier 40 and added to
the standard envelope by means of adder 42 in order to form the enhanced envelope.

Examples of the standard envelope (curve 60) and the enhanced envelope

(curve 62) for the syllable /ka/ are shown in Figure 4.
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CLAIMS:

1. A hearing instrument comprising a circuit (12) for transforming an audio signal
(11) into an output signal (13), characterized in that the circuit (12) comprises emphasis means

for emphasising in the output signal (13) substantial intensity changes of the audio signal (11).

2. A hearing instrument according to Claim 1, characterized in that the emphasis
means are embodied so as to emphasise the output signal (13) when an intensity change rate of

the audio signal (11) exceeds a predetermined value.

3. A hearing instrument according to Claim 1 or 2, characterized in that the
emphasis means are embodied so as to emphasise the output signal (13) during a period of about

10 ms.

4. A hearing instrument according to any one of the preceding Claims,
characterized in that the circuit further comprises filter means (20) for filtering the audio signal
(11), whereby the filter means (20) are coupled to the emphasis means so that substantial

intensity changes of the filtered audio signal are emphasised in the output signal (13).

5. A hearing instrument according to Claim 4, characterized in that the filter

means (20) comprise band pass filters.

6. A hearing instrument according to any one of the preceding Claims,
characterized in that the emphasis means comprise a peak generator for generating from the
audio signal a peak signal and including means (42) for including the peak signal in the output

signal (13).

7. A hearing instrument according to any one of the preceding Claims,

characterized in that the hearing instrument comprises a cochlear implant.
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8. A circuit (12) for transforming an audio signal (11) into an output signal (13),
characterized in that the circuit (12) comprises emphasis means for emphasising in the output

signal (13) substantial intensity changes of the audio signal (11).

0. A method for transforming an audio signal (11) into an output signal (13),
characterized in that the method comprises the emphasis of substantial intensity changes of the

audio signal (11) in the output signal (13).
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