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DESCRIPTION

Technical Field

[0001] The Invention relates to the field of fitting hearing aid devices. More particularly, it
relates to a method for fitting a hearing aid device with active occlusion control to a user
according to claim 1.

Background of the Invention

[0002] A hearing aid device Is a device for aiding an individual in regard to its hearing. It may
be a hearing aid or hearing prosthesis for compensating a hearing loss of its user. |t may also
be a hearing protection device which helps individuals to hear without damage In noisy
environments. Such a device may transmit speech and attenuate noise by selective
amplification. The occlusion effect is an effect experienced by individuals when an ear canal is
fully or partially closed by an occluding object. In such a condition, the own voice of the
Individual and other body conducted sounds are perceived by him- or herself unnaturally loud.
The earpiece of a hearing aid device can be such an occluding object. Active occlusion control
IS a method for reducing the occlusion effect actively. Actively means by destructive
Interference, 1.e. emitting a kind of anti-sound. A passive occlusion control (or passive
occlusion reduction) would be the provision of a large vent. However, hearing aids with a large
vent are prone to feedback and cannot deliver loud low-frequency sound due to leakage from
the canal to the outside and cannot provide good sound cleaning due to leakage from the
outside Iinto the canal. Providing hearing protective devices with a large vent renders them
useless because low-frequency noise can pass without substantial attenuation through the
vent. Occlusion Is not to be confused with ampclusion. Users of hearing aid devices may
percelive their own voice as being unnatural due to its amplification by the hearing aid device.
Ampclusion can be counteracted by reducing the hearing aid device amplification in the
frequency range of the users voice. Both occlusion control and ampclusion control aim for
providing an own voice perceived as more natural.

[0003] US 6,035,050 by Weinfurtner discloses a method for determining optimum parameter
sets In a hearing aid. During an optimization phase an optimal user specific parameter set Is
allocated by selecting one of several trial parameter sets available.

[0004] WO 2004 / 021740 A1 by Rasmussen et al. discloses a method for counteracting the
occlusion effect of an electronic device like a hearing aid. Sound conditions In the cavity
between the ear piece and the tympanic membrane are determined. The transmission
characteristics of the transmission path to the receiver counteracts the occlusion effect.

[0005] WO 2006 / 037156 A1 by Mejia et al. discloses an acoustically transparent occlusion
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reduction method. An electro-acoustic feedback network produces phase cancelling sounds In
the ear. The integration with a hearing aid improves the user's perception of own voice.

[0006] WO 2008 / 017326 A1 by Nordahn discloses a method for In-situ occlusion effect
measurement. A hearing aid comprises a microphone for external sounds and a microphone
for sounds In the occluded ear. An occlusion effect value iIs produced from the difference. The
user may read a text passage or vocalize a sound such as /ii/ or fuuu/. The hearing aid may
be fitted based on the occlusion effect value.

[0007] US 2009 / 238387 by Arndt et al. discloses a method for actively reducing occlusion. A
transducer transmission function, which is defined for the transmission path from the input of a
receiver via the auditory canal to the output of a microphone, Is subjected to an automatic
plausibility check.

[0008] US 2009 / 274314 by Arndt et al. discloses a method for determining a degree of
closure In hearing devices. Arndt mentions active occlusion reduction. An effective vent
diameter specifies the degree of closure. An interpretation of this value Is easily possible by a
hearing device acoustician.

[0009] WO 2010/083888 A1 by Rung et al. discloses a method for in situ occlusion effect
measurement. An external sound pressure of an occluded ear iIs measured by the microphone
of a BTE hearing aid. The sound pressure at the eardrum Is measured by a hearing aid
receiver.

[0010] WO 2012 / 003855 A1 by Rung discloses a method for measuring the occlusion effect
of a hearing aid user. The diameter of a ventilation channel may be increased to reduce the
occlusion effect. Leakage between bands is regarded in the measurement.

[0011] US 2010/0002896 A1 relates a hearing aid including an adaptive occlusion reduction
feature implemented by a compensation filter provided between the signal processing unit and
the output transducer, wherein an occlusion reduction function may be determined at times
when no occlusion signal Is present, 1.e. at times when the hearing aid user is not speaking.
The occlusion reduction function is determined from a closed loop transfer function involving a
ear canal microphone for picking up sound in the ear canal.

summary of the Invention

[0012] It Is an object of the invention to provide a method for fitting active occlusion control
means of a hearing aid device In an easy, precise, flexible, robust, sustainable, effective and/or
efficient way. This Is especially important because active occlusion control does not only
reduce occlusion, but also has side effects. A first side effect is a possible instability of the
occlusion control loop. A second side effect is the so called waterbed effect according to which
there Is not only suppression of occlusion sounds but also amplification of sounds at
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frequencies below and above the suppression. Hence, what is needed Is a good trade-off
between wanted and unwanted effects suitable for application in practice.

[0013] The object is achieved by the method of claim 1. Using a complex frequency-dependent
plant transfer function and using an objective frequency-dependent occlusion effect function
and/or at least one property of it for determining a compensator filter dataset has the
advantage that it allows to adapt an active occlusion control means to the needs of a particular
Individual in an easy, precise and efficient way. The method of claim 1 Is also advantageous In
that actually measuring the objective frequency-dependent occlusion effect function and/or the
at least one property of it and using a result of such a measuring for determining a
compensator filter dataset allows to adapt active occlusion control means to the needs of a
particular individual in an especially precise and efficient way.

[0014] The method of claim 2 can be advantageous In that predefining compensator filter
dataset candidates allows to apply audiological expertise prior to the actual fitting, hence a
good fitting can be achieved later with less expertise. Candidates can be predefined with
regard to the aspects stability and reliability. Selecting between discrete candidates can be
easler, more precise, more efficient and less demanding for a fitter and/or a hearing aid device
user than adjusting multiple continuous parameters or even curves. There I1s not even a need
for awareness of the multitude of parameters actually applied.

[0015] The method of claim 3 can be advantageous in that by scaling the compensator filter
the effect of the filter, and thereby the occlusion control strength, can be adjusted in a precise
and easy way. It opens up the possibility to provide a user friendly manual adjustability. Good
tradeoffs between wanted and unwanted effects may be found. The occlusion control strength
may also be maximized up to the bound given by system stability requirements.

[0016] The method of claim 4 can be advantageous in that applying selection criteria to a set
of compensator filter candidates allows to select a candidate fully automatically or to reduce
the number of candidates to be tested by the user and/or the fitter thereby making the choice
of an optimum candidate easier and faster.

[0017] The method of claim 5 can be advantageous in that actually trying out the hearing aid
with different configurations gives a very good indication which fitting is best in the perception
of the user. Letting the user actively participate in the fitting improves the acceptance of its
results by the user.

[0018] The method of claim 6 can be advantageous in that calculating a quality indicator for
each candidate by applying a criterion allows to identify a best or a subset of best candidates In
a fast and reliable way.

[0019] The method of claim 7 can be advantageous in that assigning weights to criteria allows
to normalize the numeric quality indicators of different criteria and/or to regard multiple criteria
without losing the focus on the criteria which are most significant.
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[0020] The method of claim 8 can be advantageous In that using a complex frequency-
dependent vent effect and/or leakage function for determining a compensator filter dataset
allows to adapt active occlusion control means to the needs of a particular individual in an
especially precise, optimized and efficient way.

[0021] The method of claim 9 can be advantageous In that using a fundamental frequency of a
voice of the user for determining a compensator filter dataset allows to adapt active occlusion

control means to the needs of a particular individual in an especially precise, optimized and
efficient way.

[0022] The method of claim 10 can be advantageous In that presenting a recorded real life
sound stimulus I1s perceived by the user of the hearing aid as more pleasant than artificially
generated stimul.

[0023] The method of claim 11 can be advantageous In that determining properties of a
sensitivity function and/or properties of a occlusion modification function for specific
compensator filter candidates allows to compare the quality of such candidates in an objective
and reliable way.

[0024] Symbols such as "Cp", "P", "|OE|" or "{C4, C», Ca...}" In the claims are to be regarded as

reference signs If they are presented In parentheses and these parentheses are not part of a

formula. Reference signs should not be seen as limiting the extent of the matter protected by
the claims. Their sole function is to make the claims easier to understand.

[0025] Further embodiments and advantages emerge from the claims and the description
referring to the figures.

Brief Description of the Drawings

[0026] Below, the invention is described in more detail by referring to the drawings showing
exemplified embodiments.

Fig. 1 I1s a diagram of a hearing aid suited to be fitted by the fitting method of the invention;
Fig. 2 I1s a flow diagram illustrating an embodiment of the fitting method of the invention;

Fig. 3 Is a diagram showing a hearing aid and a fitting device configured for carrying out the
fitting method of the invention;

Fig. 4 1s a Bode plot showing two different complex sensitivity functions;
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[0027] The described ambodiments are meant as examples and shall not confine the
Invention, which is defined in the appended claims.

Detailed Description of the Invention

[0028] Fig. 1 is a hearing aid 3 with active occlusion control suited to be fitted to a user by the
fitting method of the Invention. It has an outside microphone 4 for sensing sound of an
environment of the user. This sound Is processed by sound cleaning and loss compensation
means 5 configurable by a dataset H. As already indicated, the invention may also be applied
for a hearing protection device which would have a similar diagram, just with the difference that
there would be no hearing loss compensation. The hearing aid 3 Is arranged In an ear canal 2
of the user. Between the hearing aid 3 and the eardrum 1 there Is a residual canal space. The
receiver / 1s configured for emitting sound into this residual canal space. Residual canal space
and the outside are connected by a vent 10. The hearing aid 3 has means for active occlusion
control comprising a canal microphone 8 configured for sensing a sound pressure In the
residual canal space, an occlusion control compensator filter 9 arranged In a feedback loop

and configurable by a compensator filter dataset C and a pre-equalizer 6 configurable by a
dataset E arranged In a signal path from the outside microphone 4 to the receiver 7. The

dataset E may be determined based on the compensator filter dataset C by the formula E=1
+P*C.

[0029] The term "canal microphone” Iin the present document is to be interpreted in a broad
manner. It i1s meant to cover all transducers which are suitable for sensing a sound and/or
vibration in the residual canal space, for example conventional microphones, but also optical
microphones, acceleration sensors and/or strain gauges. The canal microphone 8 may also be
Integrated or combined with the receiver 7. Both transducers may simply share a common
casing and/or wax protection system and be otherwise separate. However, 1t I1s also possible
that the two transducers share the same membrane or even a common coll. It is also possible
to sense the sound In the residual canal space by one or two vent microphones, the sound
Inlets of which are arranged in the wall of the vent 10. A directional vent microphone or two
vent microphones combined with a special processing may allow to determine which sounds In
the vent 10 originate from the residual canal space and not from the outside. The canal

microphone 8 may also be combined, complemented and/or enhanced with various further
SEensors.

[0030] Fig. 2 I1s a flow diagram illustrating an embodiment of the fitting method of the invention.
In a first step 41, the hearing aid device Is Iinserted at least partially into the ear canal. A
communication connection is established between the hearing aid device and a fitting device.
The hearing aid device 1s switched into a fitting mode. In a second step 42, a plant stimulus is
generated and presented by the receiver. In a third step 43, a complex frequency-dependent
plant transfer function P from an input of the receiver to an output of the canal microphone is
measured by sensing a resulting sound In the ear canal and by analyzing the resulting sound
In regard to the plant stimulus. In a fourth step 44, a complex frequency-dependent vent effect
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and/or leakage function VE of an earpiece of the hearing aid device Is derived from the
frequency complex dependent plant transfer function P. In a fifth step 45, the user's voice Is
activated and/or a bone conduction stimulus Is presented. In a sixth step 46, an objective
frequency-dependent occlusion effect function OE Is measured by sensing a canal sound In
the ear canal, by obtaining a reference sound and by analyzing the canal sound in regard to
the reference sound. The reference sound iIs the user's voice as an outside sound sensed by
an outside microphone and/or the bone conduction stimulus. Strictly speaking, not sounds are
analyzed but corresponding signals. In a seventh step 47, a fundamental frequency FO of the
voice of the user Is determined from the canal sound and/or the outside sound. In an eighth
step 48, a determination of a compensator filter dataset C is carried out by selecting a raw
compensator filter dataset Crayy from a set of candidates {C1, C,, Cs...} and by scaling it with a

scaling factor g. In the selection process the data determined before Is used, namely the
complex frequency-dependent plant transfer function P, the complex objective frequency-
dependent occlusion effect function OE, the frequency-dependent vent effect and/or leakage
function VE and/or the fundamental frequency FO. In a ninth step 49 the occlusion control
compensator filter may be configured with the compensator filter dataset C. Optionally, If there
IS a pre-equalizer, it may be configured with a dataset E. The hearing aid device may then be
switched from the fitting mode to the operation mode.

[0031] The sequence and comprehension of measurements and other steps of this flow
diagram iIs purely exemplary and may be composed and varied in various ways. For example
the occlusion effect measurement may be carried out before the plant measurement. Further,
only a magnitude |OE| or a property of the complex objective frequency-dependent occlusion
effect function OE may be determined and/or regarded. The frequency-dependent vent effect
and/or leakage function VE may be left out completely or only a magnitude |VE| of it or a cutoff
frequency fyg of it may be determined and/or regarded. The fundamental frequency FO may

also be left out completely, or instead a fundamental frequency range {FOmnin, FOqax} May be

determined and regarded.

[0032] The method steps are presented In the claims In particular sequences. These
sequences are exemplary and not mandatory, 1.e. the claims are to be interpreted such that
they cover also carrying out the same steps, but in other sequences, as far as it is feasible. In
particular step B and C of claim 1 may be interchanged.

[0033] Fig. 3 shows a schematic representation of a hearing aid 3 and a fitting device 12
configured for carrying out the fitting method of the invention. The hearing aid 3 and the fitting
device 12 are configured for communicating with each other.

[0034] The shown hearing aid 3 i1s an ITE or in-the-ear hearing aid for compensating a hearing
loss. As already indicated, the invention may also be applied for a hearing protection device
such as a Serenity DP+ by Phonak™. The hearing aid device fitted according to the invention
may also be a distributed or modular hearing aid device. Such a hearing aid device may have
a behind-the-ear module as well as an In-the-ear module. The modules are generally
electrically connected to each other. The in-the-ear module preferably comprises both the
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receiver 7/ and the canal microphone 8. It i1s preferable to arrange both transducers in the canal
because sound tubes to modules at other locations would Iintroduce delays in the active
occlusion control loop which would interfere with its proper functioning. The in-the-ear module
may be a custom ear-piece or a one-size-fits-all dome. The vent 10 In an earpiece of a
modular hearing aid or in the main body of an ITE hearing aid has preferably a diameter in a
range from 0.6 mm to 1.2 mm, in particular 0.8 mm or 1.0mm. Larger vents may cause
feedback problems and impair sound cleaning features. Smaller vents may be prone to
plugging and may not provide sufficient pressure equalization and moisture discharge. If the
fitting method Is carried out in regard to a plurality of users it Is advantageous to use the same
vent size each time and to accommodate personal preferences by the selection and scaling of
the compensator filter dataset C. A hearing protection device has preferably no vent at all to
provide maximum noise attenuation. Even though only one hearing aid 3 Is shown a typical
user will have two hearing aids. Each of them may be fitted as described in this document, In
particular one after the other. However, certain steps may be carried out left and right
simultaneously and/or in a synergic manner, as for example the measurement of the complex
objective frequency-dependent occlusion effect function OE. The same stimulus presentation
may be used for measurements at the left and the right hearing aid. Further, results from left
and right may be compared for plausibility checks and/or may be combined for obtaining a
higher precision. For example the signals of left and right outside microphones may be
averaged or be selectively used depending on which signal is best.

[0035] The fitting device 12 I1s represented In Fig. 3 logically rather than physically. Blocks,
such as the "plant measurement analysis means 18" are preferably not physical units, but
Instead algorithms or software stored in a memory of a computer. User controls such as the
"strength selector user control 33" may be graphical user interface elements on a display such
as a slider operable by a mouse or touch screen. User controls may be provided for adjusting
parameters and/or entering data such as g, Gtarget: Imax, Sthres; Starget: Sbound: ftarget: f1s, f2s,

toTarget: 10, oo, P, OE, |OE|, foe=0Emax: f10E, f20E: OERMS, VE, |VE|, fyvE, FO, FOmin, FOmax,
{(W,, Wo, ...} and/or {R4, Ro, Ra...}. In generic terms, the fitting device 12 is preferably a device

or system comprising a memory and a processor, wherein a fitting software is storable in the
memory and executable by the processor. Typically the fitting device 12 would be a desktop
personal computer or PC with a Microsoft Windows ™ operating system and a fitting software,
such as Target by Phonak™, communicating via a wireless interface such as Bluetooth ™ with
a fitting interface device such as NOAHLInk™ by HIMSA or an iICube by Phonak™, which fitting
Interface device In turn communicates wirelessly or by electrical wires with one or two hearing
alds 3. NOAHLInk™ is normally worn likke a medal on a neckband by the patient or user 31.
Instead of a desktop PC other computers may be used, such as laptop computers, notebook
computers or tablet computers. The fitting device 12 may be operated by a fitter 30, the
hearing aid user 31 or by both of them. Typically, the fitter 1s an audiologist. However, it may
also be a salesperson, an ENT-doctor, a general practitioner, a caretaker, a nurse, a teacher, a
so-called "significant other” such as a relative or any competent individual. Finally, in the case
of self-fitting, the fitter 30 may be the hearing aid user 31 him- or herself. If more than one
Individual is Iinvolved In the fitting, separate screens and input devices may be provided for
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them. The fitting device 12 may also be smartphone, cellular phone and/or cordless phone. It
may also be an assisted living device, which is a multifunctional device for supporting aged or
handicapped people and may integrate functions such as an emergency alarm button, medical
body parameter supervision and GPS tracking. It may further be a hearing aid remote control
and/or it may be fully or partially integrated in the hearing aid 3, In particular in an earpiece or a
behind-the-ear module of it. The fitting device 12 may also be configured for remote or
distance fitting. In this case at least part of the fitting device 12 is at a location remote from the
hearing aid 3. For example, the user 31 may be at his home, while the fitter 30 1s In a call
center or office, which may be In another building and/or several kilometers away. The fitting
software and/or the fitting data may be fully or partially stored, processed and/or executed on a
web server or in a cloud computing manner.

[0036] The system is configured for obtaining the complex frequency-dependent plant transfer
function P based on a plant measurement and for using it in the determination of the
compensator filter dataset C. The plant measurement i1s carried out with the hearing aid
Inserted (in-situ) and preferably, if there i1s a vent, with an open vent. Only If there I1s substantial
environment noise it may be advantageous to close the vent. However, environment noise may
also be dealt with by louder plant stimuli. The user 31 iIs instructed to remain silent during the
measurement. The measurement is similar to a feedback measurement. Hence, it may also be
advantageously combined with it, in particular such that both measurements are carried out
upon a single user or fitter action. The measurement may In particular be started by the fitter
30 by selecting the option "P" on a mode selector control 32, which In turn may switch the
system Into a plant measurement mode. For the plant measurement, the receiver /7 may be
disconnected physically or logically from the hearing aid sound processing means 5, 6 and 9
and may be connected to a signal 28 provided by a plant stimulus generation and/or playback
means 15. Different kinds of stimuli may be used, In particular artificially generated stimuli
(AGS), recorded real life sound stimuli (RRS), current environment sound stimuli (CES) and/or
stimuli generated based on sounds provided by an external device other than the fitting device
12 (EDS). Artificially generated stimuli may include broadband stimuli, such as pink noise and
white noise, as well as tonal stimuli, such as stepped or swept sine or complex multi-sine
stimuli. An example of a white noise stimulus iIs a PRBS stimulus (pseudorandom binary
sequence) and in particular an MLS (maximum length sequence) stimulus. Recorded real-life
stimuli may include music, nature sounds, such as sounds of a waterfall, voice or own voice of
the user. Recorded real life stimuli are perceived by the hearing aid user 31 as being more
pleasant and entertaining than artificially generated stimuli. The provision of recorded real life
stimuli may be carried out by a hearing aild manufacturer and may comprise the steps of
picking up environment sounds In the field with a microphone and storing them on a medium
such as a hard disk. Recorded real life stimuli may be enhanced by combining them with other
stimuli, in particular artificial ones. This allows for example to assure that all frequencies are
sufficiently covered by the stimulus. Current environment sound may be used processed or
unprocessed as stimulus. The external device may for example be a hi-fi system. Sounds may
be transmitted and/or streamed from the external device to the hearing aid 3 by wire or
wirelessly, either directly, or indirectly through the fitting device 12 and/or a streaming device
such as an ICOM by Phonak™. The sounds may be used processed or unprocessed as



DK/EP 2640095 T4

stimuli. Finally the plant stimulus may be any result of filtering and/and combining of stimuli

such as for example defined by
FCS = o « AGS + B = RRS + v = CES + & = EDS

[0037] Whereln qa, B, y and 0 may be scalars and/or filters. Plant measurement analysis means
18 may calculate a difference of a logarithmic frequency domain representation of the resulting
sound and a logarithmic frequency domain representation of the plant stimulus sound.
Alternatively a quotient may be calculated of non-logarithmic representations of these sounds.
A frequency analysis method may be used, in particular with tonal stimuli. A correlation method
may be used, in particular with broadband stimuli. An adaptive algorithm, e.g. a LMS-algorithm
(Least-Mean-Squares), may be used If there I1s no generated stimulus or If a processed or
unprocessed environment sound Is used as stimulus. More details about such calculations can
be found In textbooks about "system identification”. A plausibility check may be carried out for
P, In particular for detecting If a wax protection system of receiver 7 and/or microphone 8 Is
clogged. Preferably the complex frequency-dependent plant transfer function P I1s measured
directly. However, 1t Is also possible to measure only the magnitude |P| of the plant transfer
function P and to estimate a phase function ¢ = arg(P) e.g. by minimum phase considerations,
Hilbert transformation and/or application of a sound propagation delay between receiver and
microphone. "Complex” may be defined as "including phase information”. It can be
advantageous to subdivide the frequency range of the plant measurement, e.g. at 350 Hz, In
order to have more low-frequency measurement points at a given FFT (fast Fourier
transformation) size for better determining the low frequency overshoot described further
down. The system is further configured for determining the compensator filter dataset C based
on an objective frequency-dependent occlusion effect function and/or based on at least one
property of it. The function may be a complex function OE or a magnitude function |OE|. The
property may be a peak frequency foe=oemax at which the occlusion effect magnitude has its

maximum or the relevant maximum. It may be also be a substantial occlusion effect frequency
range {fioe, foo} In which the occlusion effect is above a threshold and/or in which the

occlusion effect I1s substantially at its maximum. It may also be a root mean square value
OEgrmg Of the objective frequency-dependent occlusion effect function. The property may refer

to the full frequency range of OE. However, it may also refer to a certain part of the frequency
range.

[0038] The objective frequency-dependent occlusion effect function and/or the at least one
property of it is obtained based on a measurement while the voice of the user 31 Is active and
while there are preferably no other outside sounds. The hearing aid 3 Is preferably muted, for
example by switching off the receiver. The user's voice may be activated by instructing him or
her to speak freely, read a text, repeat a word or sentence, ask a question, sweep a vowel
and/or speak different vowels. The measurement may be started by the fitter 30 by selecting
the option "OE" on a mode selector control 32, which In turn switches the system Into an
occlusion measurement mode. The voice of the user may be picked up as a canal sound by
canal microphone 8 and as a reference sound by a reference microphone, for example the
outside microphone 4, an outside microphone of a further not shown hearing aid or any
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microphone connected to the fitting device 12. The corresponding signals 26 and 27 are
transmitted to the fitting device 12. An open ear gain compensation "OEG" may be applied to
the reference sound by compensation means 13 thereby obtaining a compensated outside
sound. Alternatively, an inverse open ear gain compensation "1/OEG" may be applied to the
canal sound by compensation means 14 thereby obtaining a compensated canal sound.
Occlusion measurement analysis means 16 may calculate a difference of a logarithmic
frequency domain representation of the canal sound or, as the case may be, the compensated
canal sound and a logarithmic frequency domain representation of the reference sound or, as
the case may be, the compensated reference sound. Alternatively a quotient may be
calculated of non-logarithmic representations of these sounds. If no OEG compensation has
been applied yet, it may still be applied to the resulting difference or quotient, or it may not be
applied at all since an OEG Is usually not much different from 0 dB in the relevant frequency
range below 1 kHz.

[0039] Instead of activating and measuring the user's voice, an artificial own voice stimulus
may be applied in an occlusion effect measurement. The body of the user may be vibrated by
vibrating means. Such means may comprise a body stimulus generator and, connected to I,
an electromechanical transducer such as a bone conduction headset. A canal sound resulting
from such a vibration in the occluded ear canal is picked up by the canal microphone 8. The
signal of the outside microphone 4 is ignored. Instead the signal of the body stimulus generator
IS used as reference sound. In the further processing the sound in the open ear canal can be
estimated by applying a compensation to the reference sound similar to the OEG
compensation described above. Accordingly, instead, an inverse compensation may be applied
to the canal sound or no compensation may be applied at all. Since the vibration stimulus Is
reproducible, in contrast to the user's voice, a second, subsequent measurement may be
carried out with a probe tube In the canal and without hearing aid 3, thereby obtaining a more
precise open ear canal sound as reference sound which needs no compensation. Since the
probe tube iIs already In place, the occluded canal sound may be also measured with the probe
tube instead of the canal microphone 8.

[0040] In embodiments with a vent 10, the objective frequency-dependent occlusion effect
function and/or the at least one property of it may refer to the occlusion with open or closed
vent. Hence, In the strict sense OE is either OEyenteq OF OEynventeqr The same applies

accordingly for |OE| and the properties of OE. In many cases it is irrelevant which OE iIs
regarded. OEventeq 1S typically only In the low frequencies affected by the vent effect. In a

particular embodiment primarily OEyenteq 1S Used, and is, If necessary derived from OEnvented

by adding the vent effect. For measuring OEnventeq the vent may be temporarily closed.

[0041] As an example not covered by the invention, the objective frequency-dependent
occlusion effect function and/or the at least one property of it may further be obtained by an
estimation based on personal and/or hearing aid device data, in particular the size of a residual
space between the earpiece of the hearing aid 3 and the eardrum 1, a middle ear compliance
and/or an effective leakage. The residual space depends on the penetration depth of the
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hearing aid earpiece and the ear canal geometry, which can be determined by an impression
or scan. The middle ear compliance may be measured by tympanometry. The effective
leakage may depend on the weight and/or material of the hearing aid earpiece. If there Is no
vent, the effective leakage may be determined based on a real ear occluded gain (REOG)
measurement. Finally, in a simplified embodiment one average objective frequency-dependent
occlusion effect function may be stored in the fitting device 12 and may be used for all fittings.

[0042] The system may also be configured for determining the compensator filter dataset C
based on a frequency-dependent vent effect and/or leakage function of an earpiece of the

hearing aid 3. The function may be specified by a complex function VE, a magnitude function
IVE| or simply by a cutoff frequency fyg of a high-pass filter approximation of such a function.

The vent effect information can be manually entered. It can also be measured. It can further be
derived from the complex frequency-dependent plant transfer function P, in particular by
analyzing a roll-off of the complex frequency-dependent plant transfer function P and/or by

applying a low-frequency fitting method of a filter, e.g. 2™ order, in regard to the complex
frequency-dependent plant transfer function P. The derivation may be carried out by vent effect
and/or leakage derivation means 19. Vent effect is caused by the penetration of sound through
the vent 10. Leakage occurs when the hearing aid 3 does not exactly fit the ear canal 2, for
example because it I1s not correctly positioned or the canal has changed since the ear
impression for manufacturing the earpiece was taken. Vent effect and leakage may be added
to each other for defining a so called "effective vent". The vent effect and/or leakage function
may therefore also be called "effective vent function”.

[0043] The system may also be configured for determining the compensator filter dataset C
based on a fundamental frequency FO, a fundamental frequency range {FOmin, FOqax} @and/or

a fundamental spectrum FOgpectrym Of the voice of the user 31. This information can be

manually entered. It can also be estimated based on data relating to gender and/or age of the
user 31. FO of males 1s about 125 Hz, FO of females about 250 Hz and FO of children about
440 Hz. FO and the range {FOmin, FOmax} can further be measured by sensing the voice of the

user by outside microphone 4 and/or canal microphone 8. The hearing aid 3 Is preferably
muted during the measurement. The measurement can be carried out together with the

measurement of the objective frequency-dependent occlusion effect function or properties of i,
l.e. the same recorded sound data Is used for both, determining FO and/or the range {FOin,

FOmaxt and determining OE, |OE|, foe=oemax, the range {fiog fooet and/or OEgms. The
determination of FO and the range {FOmninh, FOqax} May be carried out by voice measurement
analysis means 17. For measuring the range {FOmnin, FOmaxt the user may be instructed to

speak In pitch and/or loudness varying way, for example a German speaking user may be
Instructed to ask a question, at the end of which the pitch is generally higher. FO and the range
{FOmin, FOmax} may also be acquired in a loudness dependent manner, for example by

acquiring the values FOgso, FOmig @and FOoug Or by acquiring a level dependent function
FO (Lgr), wherein Lyg I1s a loudness level in decibels or a loudness level class index. FO Is

typically higher for louder voice. In a particular embodiment the range {FOmin, FOmax} 1S defined
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such that it accommodates FO¢,q, FOnig @and optionally FO54.

[0044] The above mentioned measurements are preferably carried out during a fitting session,
while there Is a data connection between the fitting device 12 and the hearing aid 3 and while
the user 31 Is In a fitting room or a soundproof both. However, it Is also possible that these
measurements are carried out in the field, during normal use of the hearing aid 3, at particular
times, temporarily and/or in fully continuous manner. A sound situation analysis means may
determine which parameter can be measured in a particular situation. For example OE and FO
may be measured In quiet environments, while the user is speaking loudly. P may be
measured while the user 31 1s quiet, the environment i1s quiet and loud sounds are presented
to him or her by the hearing aid 3, as for example when sounds are streamed from a television
with muted loudspeakers. Such measurement results may be used Instantaneously for
automatically readjusting the compensator filter dataset C in the field. However, they may also
be stored In the hearing aid 3 for a later, more controlled use during a fitting session.
Accordingly, the fitting device 12 may be configured for reading out such measurement results
from the hearing aid 3.

[0045] The fitting device 12 may comprise a database 22 with a set of raw compensator filter
dataset candidates {Cq, Cop, Ca...}. Raw compensator filter dataset candidates may be

represented In different ways as described further below. The term "raw" I1s used because the
datasets are usually further processed and in particular scaled before they are applied in the
filter 9 as also described further below. However, the term "raw" In this document i1s not meant
to imply that there must be further processing. In addition, the raw datasets may be a result of
a preprocessing, hence they may be only "raw" In respect to a certain stage of the fitting
method. The raw candidates may In particular have peak magnitude of 0 dB, which guarantees
stability iIf they are applied unprocessed. The set of candidates I1s generic In that it 1s not
defined for a particular user. The set of candidates Is preferably predefined, for example by a
hearing aid manufacturer and/or fitting software provider. |t may be distributed together with a
fitting software or separately, for example on a compact disk or over the internet. Typically the
database remains unchanged after the fitting software has been installed or updated and In
particular after the fitting in regard to a particular user has started. The set may comprise one
or more candidates. For implementing the concept of choosing between candidates a set of
two candidates is sufficient. A reasonable number of candidates may be about fifty. However,
memory and processing power of a standard computer may allow thousands or millions of
candidates. Therefore it iIs possible to provide candidates even for very rare user profiles. The
predefinition of candidates may be based on statistical and/or empirical data. Hypothetical or
real fittings or compensator filter datasets may be determined for typical hearing aid device
and user profiles and may be evaluated based on criteria as described further below In regard
to the candidate selection. The predefinition of candidates may also comprise the steps of
providing a set of base filters {Cr1, Cro, Cpr3...} and a set of modification filters {Cp1, Cmo,

Cm3z...}. Each base filter can then be combined with each subset of modification filters to

determine a candidate. For example candidates may be defined as follows:
(1= Cpy (7 = Cgy * Ly * Cya (15 = Cpa * Cyz * Oy
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[0046] Such combinations may be calculated in advance and be provided with the fitting
software. However, they may also be calculated at runtime. There may also be separate sets
of dataset candidates for different user groups, such as for children, females and males. A
lookup table may be used to link user groups with sets.

[0047] The fitting device 12 may comprise a candidate selection means 24. In a particular
embodiment such a selection may result directly in a compensator filter dataset C for use In the
hearing aid 3. However, In a preferred embodiment a preferred raw compensator filter dataset
Crayy Or set of preferred raw compensator dataset candidates {Ca, Cg, Cc, ...} I1s obtained by

choosing candidates from the set of raw compensator filter dataset candidates {C4, C», Cj...}.

[0048] The preferred candidate or candidates are preferably chosen taking into account the
complex frequency-dependent plant transfer function P, the objective frequency-dependent
occlusion effect function and/or the at least one property of it, i.e. OE, |OE|, for=0Emax, {f10E,

fooe} and/or OErpmg, and optionally the frequency-dependent vent effect and/or leakage
function VE, |VE| or a cutoff frequency fyg of a high-pass filter approximation of such a

function, as well as the fundamental frequency FO and/or fundamental frequency range {FOnin,
FOmaxd-

[0049] The quality of a candidate is preferably assessed by applying a selection criterion Kor a
set of selection criteria {K4, Ko, ...}. The criterion or at least one criterion of the set of criteria Is

preferably a property of - or Is based on one or more properties of - a complex frequency-
dependent candidate specific sensitivity function S and/or a complex frequency-dependent
candidate specific occlusion modification function OM. S may be defined by

:Elt
L0 e 5 S S o R S 0 3 e S L R LR b s o L R R 0 D o L 5 5 S e S R LR D W S R BN h

wherein P is the complex frequency-dependent plant transfer function, Cy is the X! candidate
of the set of raw compensator filter dataset candidates {C1, Cp, C3...} and gproy IS @ provisional

scalar scaling factor. An example of S Is discussed referring to Fig. 4 further down. OM may be

defined by
OM = VE %5

wherein VE Is the complex vent effect and/or leakage function.

[0050] The provisional scaling factor gproy IS provisional in that it is only used for applying the

selection criteria, 1.e. used for calculating certain values as shown In the criteria table below. It
IS a purely theoretical value and is not necessarily applied in the actual hearing aid 3. |t must
therefore not fulfill stability criteria. There are amongst others the following nonexclusive

options:

» The provisional scaling factor gpo, may be set to a maximum value gmsx at which the

system is just still stable. This has the advantage that the criteria are applied based on a
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scaling factor g which can later be used in the actual hearing aid 3. The determination of
Jmax IS described further down.

The provisional scaling factor gproy may be set to a target value gigrget Which may be
derived from a target minimum occlusion modification OMigget Or a target minimum
sensitivity Starget (See also Fig. 4). Oftentimes such targets cannot be reached due to

stability issues. Hence, the scaling factor g used for configuring the actual hearing aid 3
will typically be smaller than giarqet and will be in particular be gmax. The determination of

Jtarget Can be carried out in a similar manner as the determination of gmax described

further down;
The provisional scaling factor g,y may be set to 1, thereby effectively eliminating gpy

from the above formulas. In this case the database 22 may advantageously contain
already scaled compensator filter datasets, and In particular differently scaled
compensator filter datasets, for different typical plant characteristics;

The provisional scaling factor gproy may be set to the scaling factor g which is later used

In the actual hearing aid 3. It would thereby be, In fact, not a provisional value anymore;
The provisional scaling factor gproy may be set to a manually selected value, in particular

a value selected by the fitter 30 and/or the user 31.

[0051] The following table contains examples of selection criteria:

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Symbol

Description / Formula(s) / Quality / Parameter

“

Smin  1Minimum sensitivity magnitude
Smin = MIN([S4],--..[Snl)
Small values and values below Sinreg INdicate good quality; Values
matching well Starget iIndicate good quality.
Sk IS a sensitivity at frequency with index k; N Is the highest index;
Sthres 1S @ threshold, in particular -20 dB or in a range {-10, -30} dB;
Starget IS @ target minimum sensitivity.

Y

-

AS| Absolute value of a difference between Sy, and Staget
|AS] - ‘Smin ) Starget|
See also parameters of Sy, above

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Smax {Maximum sensitivity magnitude
Smax = Max(|Sql,....|Snl)

-

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Values above Spo,ng may cause substantial artifacts and poor
robustness against destabilization.
Sk IS a sensitivity at frequency with index K; N is the highest index;

Shound IS 1N particular in the range of 4 to 6 dB, or about 5dB.
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Symbol §Description / Formula(s) / Quality / Parameter

Sint Integral over sensitivity magnitude, wherein both magnitude and
frequency are regarded In a perceptive manner, In particular
logarithmically, such that more weight is given to low frequencies. This
criterion has the advantage that VE needs not to be regarded. It
provides the same result as an integral over OM since the VE
comprised in OM adds the same amount of area for each candidate.

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

|S|gB = 20 * logg(@bs(S))

.........................................................................................................................................................................................................

Small values indicated good quality.

{fmin, fmax} 1S @ substantial frequency range in which |S|gg < 0 dB.

Small values at frequencies relevant for occlusion control indicate good
quality.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Sk Is a sensitivity at frequency with index k; Ng,q Is the highest index; A
preferred set of frequencies is {125 Hz, 250 Hz, 500 Hz} or {100 Hz,
125 Hz, 160 Hz, 200 Hz, 250 Hz, 315 Hz, 400 Hz, 500 Hz}

Ssym  ioum of magnitude of S at two or more frequencies

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Ng W,
S

Ssum = };&g ES&:E
fos=1

Small values at occlusion frequencies relevant for occlusion control
iIndicate good quality.

Sk IS a sensitivity at frequency with index k; Ng,,m IS the highest index;
See also parameters of 5,4 above

P may ' Maximum sensitivity phase

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

®,, = arg(s)) = arctan [ ———

Small values indicated good quality.

.........................................................................................................................................................................................................

D, Is a phase at frequency with index k;
Sk IS a sensitivity at frequency with index k; N is the highest index.

SSmax Maximum sensitivity steepness
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Description / Formula(s) / Quality / Parameter

SS (A5, dSy\
8 7 g m&}{i& ETIE N -
YHUX | | §
df o df

Small values indicate good quality;
Values below a threshold of 20 dB per decade indicate good quality.
dS/df is a derivative of sensitivity S with respect to frequency f.

*

Bandwidth of a substantial frequency range in which |S|yg < 0 dB
AT = Tmax - Tmin

Large values indicated good quality.

1S|gB IS @ magnitude of S represented in decibels;

fin: Tmax @re bounds of said substantial frequency range.

'CQCQQCQQCQ50‘50‘50‘50‘50‘50‘50‘5\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

Frequency at which a magnitude of the sensitivity S has its minimum

110E

|S(fs=smin)l = Smin

.........................................................................................................................................................................................................

Values matching well FO or figrget INdicate good quality; Values fitting
Into {FOmin, FOmax} INdicate good quality; Values fitting into {f4g, fog}
Indicate good quality; Values matching well a function f,(fyg) iIndicate

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

FO 1s a fundamental frequency of a voice of the user; {FOyin, FOmax} 1S
a fundamental frequency range of the voice; fi5yet IS target frequency,

In particular 200 Hz; {f1g, fog} IS a target frequency range, in particular

80 to 500 Hz; f,(.) 1s a function depending on fyg, for example f,(fyg) =
0.8 * fyg; fye Is a cutoff frequency fyg of a high-pass filter

approximation of a frequency-dependent vent effect and/or leakage
function VE; x 1s a factor, in particular 60 to 100%, In particular ca. 80%;

Examples Of figet, T1s @nd fpg are shown in Fig. 4.

Frequency at which the phase © of the sensitivity S has its maximum

qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Values matching well TpTaget INdiCate good quality; Values fitting into
{f1d, o} INdicate good quality.

fpTamget IS @ target frequency, In particular 800 RHz; {f1q, fog} IS @ target
frequency range, in particular 500 to 1000 Hz; Examples of foTarget, T1a
and f»oq, are shown in Fig. 4.

‘ Inverse of the function OE

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
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Symbol §Description / Formula(s) / Quality / Parameter

OE,enteq IS the objective complex frequency-dependent occlusion effect
function measured with open vent.

fOE=OEmax Peak frequency of the magnitude of OE
| OE(foe=0Emax)l = OEmax
OE max = max(|OEy|,...,|OEp)

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

The above fg=gmin matching well fop=pemax INdicates good quality.

OEy is a value of OE at particular frequency with index k; N is the

highest index; OE is the objective complex frequency-dependent
occlusion effect function.

Peak frequency range of the magnitude of OE, substantial occlusion
effect frequency range in which a magnitude of OE is above OE;pes

and/or in which a magnitude of OE is substantially OE 1,5«

|OE(f10€---f20E)|l = OE max

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

OE o = max(|OE4|,...,|OEn|)

|OE(f10E---T20E)| > OEthres
{fmin, Tmaxt Mmatching well {f10g, fooe} INdicates good quality;

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

OEy is a value of OE at particular frequency with index k; N is the

highest index; OEinres IS @ threshold; {fmin, fmax) IS @ substantial
frequency range in which |S|yg < 0; OE Is the objective complex
frequency-dependent occlusion effect function.

OErpys (Root mean square value of OE

OE, is a value of OE at particular frequency with index k; Sy is a

sensitivity at frequency with index k; N is the highest index; OE is the
objective complex frequency-dependent occlusion effect function.

OMin  iMinimum of the OM

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

OMmin = max(|OMy],...,|OMpl)
|OM]| =| VE|gg + |S|gB
OM=VE™S

Small values indicated good quality;

0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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Symbol §Description / Formula(s) / Quality / Parameter
Values below OMines INndicate good quality.

OMy is a value of OE at a particular frequency with index k; N is the

highest index; [OM| is the frequency-dependent magnitude of OM;
|VE|4g Is @ frequency-dependent magnitude of VE expressed In dB;

S|y IS a frequency-dependent magnitude of S expressed in dB; VE is

a complex representation of the frequency-dependent vent effect
and/or leakage function. It is the same for all candidates; OMipes IS @

threshold of about -20 dB or of about -10 to -30 dB; OM is the complex
frequency-dependent occlusion modification function.

OMayq Average of magnitude of OM at two or more frequencies

1

I k=1

§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§
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See parameters of Sy, and OM;, above.

[0052] In the specification of the criteria the expression "matching well” i1s used for describing
the relation between a first and a second measure. If both measures are scalars, e.g. decibel
values or frequencies, "matching well" means that the absolute value of their difference iIs
small. If both measures are frequency ranges "matching well" means that the lower and upper
bounds match well. If both measures are functions "matching well" may in particular mean that
an application of the method of least squares indicates a good matching of the two functions.

[0053] When carrying out the task of determining one preferred candidate Crayy Or a set of
preferred candidates {Ca, Cg, Cc, ...} by applying a criterion K and by choosing from the
avallable compensator filter dataset candidates {C4, C,, Ca...}, a quality indicator may be
calculated for each candidate thereby obtaining a set of quality indicators {Q4, Qo, Qa...}. A

guality indicator may be a numeric representation of a property defined by a criterion K.

Depending on the property small or large values may indicated good quality. It may also be a
category such as "poor”, "average"”, "good" or the like. The quality indicator Q4 for a candidate

C1 and a criterion K, namely "Smallness of Si,", may be defined by:
1 = Smin(C)  or Q1= fo -égmmiﬁ}}

[0054] The function fp(.) allows to derive quality indicators for properties which reflect not

directly an extent of quality, for example If values in a certain range indicate good quality. It also
allows to normalize the quality indicators of different criteria, for example If one property Is a
decibel value and another property i1s a Hertz value. The important feature of the quality
Indicator i1s that it provides a basis for comparing the quality of candidates. The following table
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shows an example:

I I S .

C- Q4 = 0.823 2
Q5 = 0.945 1

Co

-

[0055] The preferred raw compensator filter dataset candidate Crayy according to the example
would be C,. A set of two preferred raw compensator filter dataset candidates {Ca, Cgr}

according to the example would be {C4, C5}.

[0056] As already Indicated above, not only one criterion K may be applied, but instead a set of
criteria {K4q, Ko, ...}. In this case a weighting may be provided for each criterion of the set of

criteria thereby obtaining a set of weights {W4, W5, ...}. The weights allow to regard certain

criteria more than others. The following table shows an example with three raw compensator
filter dataset candidates and three weighted criteria:

Voo [ Wit | Womos (V=i | |
e - —
BN EE TR R AR

[0057] Multi-criteria quality indicators Q4, Q2 and Q3 are calculated for the candidates C4, C»

and Ca. The multi-criteria quality indicator Qy for a particular Y candidate Cy is determined by

first calculating criterion-specific quality indicators Qcyk1, Qcyk2 and Qcyks for the selection

criteria K1, Ko, and Kz and then combining these criterion-specific quality indicators In a
weighted manner by applying a weighting function fin(.):
Qv = fw{W, Wy, ... 1 {Qcvk1 Cevias -+ 1)

[0058] In a preferred embodiment the weighting function is linear and applies a weighting
factor to each criterion-specific quality indicator, as shown by the following formula:

S < S :
Qv = Wi * Qeyxr + Wy x Ueyxz + W+ Upygs

[0059] However, the weighting function fiz(.) may also be a polynomial and In particular
comprise quadratic terms as shown by the following example:

12 * (Qevir * Qcyrz) +
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[0060] The set of weights {W4, W5, ...} for the set of selection criteria {K{, Ky, ...} can be

obtained by carrying out a subjective evaluation of each candidate of the set of raw
compensator filter dataset candidates {C4, C,, Cj...} by one or more Individuals thereby

obtaining a set of subjective evaluation results {R4, R», R3...}. The evaluation may In particular

be carried out based on a scaling to a maximum stable active occlusion control strength and/or
based on an adjustable scaling. The weights {\W4, W5, ...} are then set such that a set of multi-

criteria quality indicators {Q4, Q5, Qa...} calculated based on the set of weights {W,, W5, ...}
substantially best matches the set of subjective evaluation parameters {R4, Ro, Ra...}. This may

comprise carrying out a regression analysis, a stepwise regression analysis, a discriminant
analysis and/or a stepwise discriminant analysis.

[0061] As already Indicated, the compensator filter datasets {C4, Co, C3...} stored Iin database

22 are "raw'. Before they are actually applied as occlusion filter dataset C the hearing aid 3
they are scaled by a scaling factor g:

(= gﬁﬁw*g (= fi*ﬁi L = Cfgé“gﬁ

L

[0062] The scaling factor g influences the strength of the occlusion control. However, If g Is
chosen too large, the active occlusion control loop may become unstable. Accordingly, there Is
a maximum allowable scaling factor gmax. This value depends on the raw compensator filter

data set such as Crayy Or Ca and on the complex frequency-dependent plant transfer function

P of the particular individual and should therefore be recalculated if any of these parameters
changes. In a preferred embodiment g i1s not manually adjustable but always set to gmax such

that the occlusion control 1s maximized while keeping the system stable. In another
embodiment the scaling factor g and therefore the strength of the occlusion control is
adjustable manually by the fitter 30 and/or the user 31, In particular by the strength selector
user control 33. The adjustment range iIs preferably limited such that g, « cannot be

exceeded. Further, the g may have a particular initial value gg, which can for example be gmax-

[0063] The active occlusion control loop Is stable and substantially robust against
destabilization If the maximum sensitivity Sp5x does not exceed a predefined value Spong. The

stability of a system with feedback can be assessed based on a Nyquist plot. A distance
between the Nyquist plot and the Nyquist point at (-1, 1 * 0) 1s a stability criterion. The maximum
sensitivity Smax 1S an Indicator for this distance and therefor also a stability criterion. The

smaller Smax, the more robust i1s the system against destabilization. Spoyng 1S typically in the
range from 4 to 6 dB, In particular at 5 dB. Preferably the system allows to redefine Spgyng,
since empirical tests may imply other values. gmax may be calculated based on Craw, P, Shound

and the following equations:
1 1

TR -
NP SN N NN NN NN N, &

vvvvvv
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[0064] However, since there is no formula for a direct calculation of gmax It may be
advantageous to determine gq,ox by an iterative method. For example g might be increased In

one dB-steps and after each increase Sy, 4y IS Calculated and evaluated.

[0065] In a particular implementation of the candidate selection means 24 the user and
hearing aid specific data such as P, OE, |(OE|, VE, |VE|, fyg, FO, FOmin, FOmax, @age, gender,

hearing loss, hearing aid coupling and hearing aid type 1s mapped to a finite number of
categories. The preferred raw compensator filter dataset Crayw or the set of preferred raw

compensator dataset candidates {Cp, Cg, Cc, ...} Is then determined without actually
calculating criterion data such as S.,i. Instead the candidate or candidates for the determined

category are looked up In a lookup table. The lookup table may also be combined with a
criterion based evaluation. Both, lookup table and criterion based evaluation may be used in an
arbitrary sequence to reduce the number of candidates until a target number of candidates has
been reached.

[0066] As already Indicated the candidate selection means 24 may not only provide a
preferred raw compensator filter dataset Crayw but Instead also a set of preferred raw

compensator dataset candidates {Ca, Cr, Cc, ...} which Is a subset of the set {Cq, Co, Ca...}

stored In the database. The hearing aid 3 I1s then temporarily and successively configured
based on candidates of this subset. Such a demonstration of candidates may be started by the
fitter 30 by selecting the option "ABC" on a mode selector 32, which In turn switches the system
INto a demonstration mode. In a first trial the compensator filter C may be configured with Cp ~*

gda, In a second trial with Cg * gg and so forth. A particular candidate may also be
demonstrated differently scaled. There may be presentations Cp * ga1 and Ca * gao. An

additional configuration to be evaluated may be "No AOC", I.e. without active occlusion control.
At least two configurations should be presented, wherein one might be the "No AOC"
configuration. However, optimally three to five configurations are presented. The user 31 may
be Instructed to speak, walk, chew, listen to the fitter 30 speaking or listen to a surround sound
system. The user 31 and/or the fitter 30 may actively switch between the configurations by
actuating a candidate selector user control 34 or the configurations may be presented
automatically one after the other for a certain time and/or until a corresponding evaluation
result 1s entered. Eventually, the fitting device 12 obtains an absolute or relative evaluation
Information in regard to one or more of the demonstrated configurations from the user 31. The
user 31 and/or the fitter 30 may enter such information, in particular by a candidate rating user
control 35. Based on the information the system determines which of the candidates Cp, Cg,

Cc Is the preferred candidate. The result Crayy Or the scaled result Craw ™ g Is then stored In

the non-volatile memory of the hearing aid 3, In particular by selecting the option "NVM" on a
mode selector control 32. The hearing aild may be then or thereby switched from the fitting
mode back to the operation mode.
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[0067] The compensator filter dataset C may also be determined without the above mentioned
candidates, In particular by a calculation based on the equations:

S=(1+PxC)?

and

S = Starger = OF ™

[0068] The fitting method of according to the invention may also be used to determine more
than one compensator filter data set, for example for different hearing programs or hearing
situations such as a Cgy, for speech, a Cgpy speech in noise, a C¢ for calm situations and a Cy

for music or for different loudness levels such as a Cg for soft, a Cyy for medium and a C; for

loud. Accordingly, more than one compensator filter data set may be stored in the non-volatile
memory of the hearing aid 3.

[0069] Once a compensator filter dataset C has been determined the occlusion control
compensator filter 9 and the pre-equalizer 6 may be configured based on it, such that it
becomes part of an active configuration of the signal processor of the hearing aid 3. This may
In particular occur during the above mentioned demonstrations, at the end of the fitting
session, when the hearing aid is switched on or to another program, when filter data iIs
transmitted by a signal 29 from the fitting device 12 to the hearing aid 3 and/or when filter data
IS read from the non-volatile memory of the hearing aid 3.

[0070] The compensator filter datasets, such as C, Craw, C1, Co, C3, Ca, Cp, C¢, Cgp, Cspn,
Cc, Cu, Cg, Cp and C, may be represented In two substantially different ways:

A first way Is named here "coefficient format”. It iIs a representation as a set of scalar filter
coefficients. The filter 1s preferably time-discrete. Such a set may comprise or consist of
coefficients of a numerator polynomial in z, for example {bg, b4, by, ...}, and coefficients of a

denominator polynomial in z, for example {a4, a,, ...}. A simple mplementation would be a

"digital biquad filter". The coefficients may define a filter of n" order. A representation of C in
this format Is indicated below by the symbol CJcf].

[0071] A second way Is named here "function format”. It is a representation as a complex
frequency-dependent filter function, also referred to as frequency response. Such a function Is
preferably frequency discrete such that the function can be described by a complex vector of a
predefined dimension. A reasonable tradeoff between accuracy and data size can be achieved
by a third octave frequency resolution. A higher resolution function may be filtered to obtain a

function having such a resolution. Preferably, the frequency resolution applied In
measurements, calculations and/or filter definitions Is the same. Accordingly, the complex
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frequency-dependent functions P, OE, OM, VE, S and C have preferably the same frequency
resolution and the corresponding vectors have the same dimension. A representation of C In
this format is indicated below by the symbol C[ff].

[0072] The "coefficient format" has the advantage that it needs less memory and transmission
time than the "function format”. "coefficient format" data may be compressed and/or reduced to
a data size of about 75 bytes, I.e. less than 100 bytes, per compensator filter dataset C. The
"coefficient format” can easily be converted to the "function format". Vice versa, it is difficult and
not very practical to convert the "function format" to the "coefficient format". The "function
format” Is much better suited for assessing the filter quality. The formulas comprising "C" In the
present document, such as S=1/(1+P*C) are normally calculated based on the "function
format’. An exception iIs the scaling of a "raw" filter compensator filter dataset with a scaling

factor, such as C=Craw’g, and the additive inversion, such as C' = -C, which can be calculated

well In both formats.

[0073] In the following It Is Indicated which format is preferably used in which stage of the fitting
Process:

The predefinition of raw compensator filter dataset candidates {C4, Co, Cs...} Is preferably at

least partially carried out based on the "function format”, because the predefinition involves
most likely filter quality assessments.

[0074] The storing of raw compensator filter dataset candidates {C4, C,, Cs...} In the database

22 1s preferably carried out based on the "coefficient format" because of memory and
convertibility considerations. However, the candidates may be stored additionally in the
"function format”. This allows to save processing time during the fitting session, because it
eliminates the format conversion step.

[0075] The quality assessment and candidate selection by the fitting device 12 Is preferably
carried out based on the "function format".

[0076] The transmission to the hearing aid 3 as well as the signal processing within the
hearing aid 3 as well as the storing in the non-volatile memory of the hearing aid 3 is preferably
carried out based on the "coefficient format" because of data size considerations and its
suitability as a basis for signal processing.

[0077] In the candidate selection process, it may be determined that a particular compensator
filter dataset C[ff] Is a good filter candidate and should be applied as CJcf] in the hearing aid 3.
Since It is not practical to calculate C|cf] directly from CIff] a kind of backtracking is carried out.
It Is determined which Crawicf] and which g compensator filter dataset CJff] is based on. C[cf]

IS then calculated based on the equation C[cf] = Crawnicf] * g.
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[0078] Fig. 4 I1s a Bode plot showing two different sensitivity functions S and S’ which
characterize two possible active occlusion control configurations for a particular user. The thick
curves refer to S, the thin ones to S'. The upper diagram shows the magnitudes expressed In
decibels, namely |S|gg and |S'|gg. The lower diagram shows the phases, namely ® = arg(S)

and ®' = arg(S'). S results from a first compensator filter dataset candidate C4 scaled with a
scaling factor g4. S' results from a second compensator filter dataset candidate C, scaled with
a scaling factor g>. The sensitivities are calculated based on the same complex frequency-

dependent plant transfer function P which may have been measured for a particular user as
described above.

. R AR O T SO O T B S 5 51 LI
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[0079] The magnitude function |S|gg can be divided into three frequency ranges. In a first
range below fi, there Is the low frequency overshoot LOS. In a second range between fqin
and fmax there Is the actual occlusion reduction. In a third range above fnax 1S the high

frequency overshoot HOS, which Is typically at 1 to 3 kHz. Occlusion reduction Iin a particular
frequency range Is always accompanied by amplification below and above this range. This
behavior is called waterbed effect. More formally it is called "Bode's integral theorem”. A large
LOS may result in an unpleasant perception of footfall sounds. There is an area A4 between

the f-axis and the LOS, an area A, between the f-axis and negative section of the |S|yg-curve
and an area A3 between the f-axis and the HOS. The sum of overshoot areas A1 and Ag Is just
as large as A,. The area A, Is equal to an absolute value |S;¢ of the above defined S;+. The
larger A,, the stronger the occlusion reduction. f,i, and 5« can be defined as bordering the
frequency range where |S|4r Is below 0 dB. However, It is to be noted that |S|jg may also be

smaller than 0dB in small or negligible frequency ranges below and above the primary
occlusion reduction frequency range. The range between fn, and above f,,x may therefore

be referred to as the "substantial frequency range where |S|yg Is below 0 dB".

[0080] For estimating the quality of a particular sensitivity S, as already indicated above, the
various properties of S, and in particular of |S|, may be regarded, for example the shown Sqin,

Smax; 99max, Af, fin, fmax, fs=smin A2, Pmax and feo=vmax and the not shown S+ and Sirpg, In
particular in relation to further values such as the shown Siyres, Starget: Sbound: ftarget: f1s. fos.

fd)Targeta f1¢), fzq), FO, Fomm and FOmax and the not shown OE, ‘OE|, fOE=OEmax: f‘IOE: fZOEa
OERMS: VE, |[VE| and fVE-

[0081] The parameter Spax May be treated In a special way. Spax should not exceed the
upper bound Spong because otherwise the system may become unstable which results

typically in a whistling in the frequency range of the HOS and/or or in a rumbling In the
frequency range of the LOS. Therefore the scaling factor g, 1.e. g4 or g, Is preferably selected

such that Sh5x 1S below or at the bound Sy ng. The latter applies for the two curves shown In
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the Bode plot, I1.e. g4 Is equal to a maximum scaling factor g4max and g- Is equal to a maximum

scaling factor gomax-

[0082] The parameter Sy may also be treated In a special way. Sqin Is a good indicator for
the strength of the active occlusion control. A threshold S¢,es Mmay be used to assure a
minimum strength. For rendering a compensator filter dataset "preferred” Snin < Sthres May
have to apply. Further, a target value Sigqet may be defined for Syin to specify a target
strength. Spip depends on g4. A target scaling factor giarget Can be defined as being the g4 for
which Smn Is equal or close to Sigrget. The scaling factor g¢ of the curve shown In the Bode plot
Is smaller than gtgrget. ACcordingly Smin Is several decibels larger than Sigrget. Scaling the
compensator filter dataset candidate C1 with gigrget Would result in a Smax above Spoyng. The

system would show substantial artifacts and would not be substantially robust against
destabilization any more. Therefor the compensator filter dataset C1 ™ giarget Should never be

used In the actual hearing aid. However, it may be used for applying selection criteria. If this
results in C4 being a preferred candidate, Cq would be scaled with gmnax Instead of giarqet before

being employed and/or evaluated in the actual hearing aid.

[0083] The parameter SSn,5« Indicates the maximum steepness of the magnitude curve |S|4g.

The maximum steepness iIs typically in the frequency range towards the HOS. A large
maximum steepness should be avoided because it may cause artifacts.

[0084] It i1s to be noted that within this document C is defined such that the filter must be
configured with "-C", 1.e. with C having a negative sign, as shown In Fig. 1 and Fig. 3).
However, C could be just as well defined such that the filter must be directly configured with
"C". In case of such an alternative definition statements regarding C and formulas comprising
C would have to be adapted accordingly. In particular the formula $S=1/(1+P*C) would have to
be changed to S=1/(1-P*C). Claims containing such statements and/or formulas are to be
Interpreted such that they cover both definitions of C. Their substantial meaning is not changed

by an alteration of the definition of C. The same applies in a similar manner for S, H, E, C, P,
OE, OM and VE.

[0085] It Is further to be noted that within this document S Is defined such that a smaller
magnitudes mean less occlusion. However, S could be just as well defined such that larger
magnitudes mean less occlusion. S according to the alternative definition is the multiplicative
Inverse of S according the primary definition. In case of such an alternative definition
statements regarding S and formulas comprising S would have to be adapted accordingly. In
particular the formula S=1/(1+P*C) would have to be changed to S=1+P*C. For magnitudes
expressed In decibels the additive inverse would have to be used, 1.e. "|S|gg" would have to be

changed to "-|S|gg". Claims containing such statements and/or formulas are to be interpreted

such that they cover both definitions of S. Their substantial meaning 1s not changed by an
alteration of the definition of S. The same applies in a similar manner for H, E, C, P, OE, OM
and VE.
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[0086] The fitting device may be configured for providing various graphical information about
the fitting process and the fitting result, for example Bode plots of complex functions, graphs of
spectral functions and bar or pie charts of continuous parameters or ratings. Diagrams may
show for example characteristics of P, Crawy, C, S, OE, VE, OM, FO, FOgpectrum and {R4, Ry,

Rs3...}, In particular in relation to each other and/or for different compensator filter datasets In

the same diagram. For example the Bode plot of different S shown In Fig. 4 may be fully or
partially displayed to the fitter. The subjective evaluation of dataset candidates {Ca, Cg, Cc, ...}

by the user may be fully or partially replaced by a graphical evaluation by the fitter.

[0087] It I1s estimated that only a small percentage hearing aid users may benefit from an
active occlusion control, even If it iIs optimally fitted. Therefore, iIn a preferred embodiment of
the Invention, a benefit assessment Is carried out at one or more stages of the method. The
subjective benefit can be assessed, as already described above, by comparing one or more
configurations having active occlusion control, such as configurations "A", "B" and "C", with a
configuration "@" not having it. Besides of that or instead of that an automatic benefit
assessment may be carried out to determine if a substantial benefit can be provided to the
user 31 by the active occlusion control feature. If no substantial benefit can be provided the
system outputs a corresponding message. The message can for example be an acoustic
and/or visual message presented by the fitting device 12. One potential reason for insufficient
benefit may be that the user has a relatively strong low frequency hearing loss such that he or
she does not perceive occlusion sounds In the first place. Best candidates for occlusion control
are Individuals having mild hearing losses. Hence, the benefit assessment may comprise the
step of analyzing the user's hearing loss or audiogram, In particular by checking if the hearing
loss Is less than 40 dB at a set of frequencies relevant for occlusion, in particular at 125 Hz,
250 Hz and/or 500 Hz. Further measures may be properties of the complex frequency-
dependent plant transfer function P, of the objective frequency-dependent occlusion effect
function OE or |OE|, of the frequency-dependent vent effect function VE or |VE| and/or of the
fundamental frequency FO or fundamental frequency range {FOmyin, FOmaxt Of the user. The

feature iIs useless If there Is no substantial or no occlusion effect in the first place, for example
If the vent 10 i1s sufficiently large and if there is no need to reduce its size. Once a compensator
filter dataset C has been determined, it is possible to calculate and assess values indicative of
the strength of the obtainable occlusion modification, Iin particular Smin, OMmin, Ao, Sint and/or

Af as well as fmin, fmax @and/or fg=gmin In relation to FO, FO,;; and/or FOq 5. The assessments

are preferably carried out as soon as the necessary data becomes available, in particular
directly after a corresponding acoustic measurement. Hearing loss data may be available

before inserting the hearing aid for the first time, and in particular before selecting a hearing
aid.
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Metode til tilpasning af et hgreapparat med aktiv okklusionskontrol til en bruger

Patentkrav

1. En metode til tilpasning af et hgreapparat (3) med aktiv okklusionskontrol til en bruger (31), hvor dette

h@reapparat (3) omfatter

e En ekstern mikrofon (4) til registrering af lyd i omtalte brugers (31) omgivelser;

e En receiver (7) konfigureret til udsendelse af lyd til gregangen (2) pa ovennaevnte bruger (31);

e Metoder til aktiv okklusionskontrol (8, 9);

Disse metoder til aktiv okklusionskontrol (8, 9) omfatter:
e En gregangsmikrofon (8) konfigureret til registrering af et lydtryk i ovennaevnte gregang (2) pa ovennaevnte

bruger (31);

e Et kompensationsfilter til okklusionskontrol (9) anbragt i en tilbagekoblingsslgjfe og konfigurerbar ved hjeelp af et

kompensationsfilter datasaet (C);

Ovennavnte metode omfatter fglgende trin:
A) Indszetning af ovennaevnte hgreapparat (3) mindst delvist i ovennaevnte gregang (2) og etablering af en
kommunikationsforbindelse (26, 27, 28) mellem ovennaevnte hgreapparat (3) og en tilpasningsenhed (12) og

omstilling af ovennaevnte hgreapparat (3) til et tilpasningsmodus;

B) Tilvejebringelse af en kompleks frekvensafhaengig vaerksoverfgrselsfunktion (P) defineret som en
overfgrselsfunktion fra et input fra ovennaevnte receiver (7) til et output i ovennaevnte gregangsmikrofon (8) ved
tilvejebringelse af en vaerksstimulus og praesentation af denne af ovennaevnte receiver (7), registrering af en
resulterende lyd i ovennaevnte gregang (2) ved hjxlp af ovennaevnte gregangsmikrofon (8) og analyse af
ovennaevnte resulterende Ilyd med hensyn til ovennaevnte veerksstimulus ved  hjxlp af

veerksmalingsanalysemetoder (18);

C) Tilvejebringelse af en objektiv frekvensafhaengig okklusionseffektfunktion (OE, |OE|) og/eller mindst en af dens
egenskaber ved at male ovennavnte objektive frekvensafhaengige okklusionseffektfunktion (OE, |OE|) og/eller
mindst en af dennes egenskaber som naevnt ovenfor, mens ovennavnte brugers (31) stemme er aktiv, eller mens
ovennavnte brugers (31) krop vibreres ved hjaelp af en vibreringsmetode, kendetegnet ved, at den objektive
frekvensafhaengige okklusionseffektfunktion og/eller mindst en af dennes egenskaber som naevnt ovenfor males
ved registrering af en gregangslyd i ovennaevnte gregang (2) ved hjaelp af ovennaevnte gregangsmikrofon (8), ved

tilvejebringelse af en referencelyd fra ovennaevnte eksterne mikrofon (4) eller henholdsvis fra en ekstern mikrofon
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pa et andet hgreapparat eller fra en mikrofon tilsluttet tilpasningsenheden eller fra ovennaevnte
vibrationsmetoder, og ved at analysere ovennavnte gregangslyd, hvad angar ovennaevnte referencelyd ved hjalp

af metoder til okklusionsmalingsanalyse (13, 14, 16);

D) Udfgrsel af en fastleeggelse af ovennaevnte kompensationsfilter dataseet (C) ved at bruge ovennaevnte
komplekse frekvensafhaengige vaerksoverfgrselsfunktion (P) og ved at bruge ovennavnte objektive
frekvensafhaengige okklusionseffektfunktion (OE, |OE|) og/eller mindst en af dennes egenskaber som naevnt

ovenfor;

E) Konfigurering af ovennaevnte kompensationsfilter til okklusionskontrol (9) med ovennavnte

kompensationsfilter datasaet (C).

2. Metoden i patentkrav 1, kendetegnet ved, at fglgende trin udfgres:
e Foruddefinering af et seet af ra kompensationsfilter dataseet kandidater ({C1, C2, C3...} ) omfatter mindst to

kandidater og deres lagring;

og kendetegnet ved, at ovennaevnte fastlaeggelse af ovennaevnte kompensationsfilter datasaet (C) fra trin D
omfatter fglgende trin:

e Valg af en kandidat fra ovennaevnte saet af ra kompensationsfilter datasaet kandidater ({C1, C2, C3...} ), saledes at
der tilvejebringes et foretrukket rat kompensationsfilter datasaet (CRAW, C1, C2, C3, ..., CA, CB, CC,...) til videre

behandling eller saledes, at ovennavnte kompensationsfilter datasaet (C) tilvejebringes direkte.

3. Metoden i patentkrav 2, kendetegnet ved, at ovennaevnte fastleeggelse af ovennaevnte kompensationsfilter
dataseet (C) fra trin C omfatter et trin, hvor ovennaevnte ra kompensationsfilter datasaet (CRAW, C1, C2, C3, ..., CA,
CB, CC,...) skaleres med en skaleringsfaktor (g, g1, g2, g3... , gA, gB, gC...), saledes, at man tilvejebringer
ovennaevnte kompensationsfilter datasaet (C) eller en kandidat (CAxgB, CA+xgB, CA*gB, ...) til det, kendetegnet ved,
at ovennaevnte skaleringsfaktor (g, g1, g2, g3..., gA, gB, gC...) fastlaegges pa en af fglgende mader:

e Automatisk med en maksimal tilladelig skaleringsfaktor (gmax) uden mulighed for pafglgende manuel justering

af denne;

e Indledningsvis til en indledende veerdi (g0);

e Som reaktion pa bruger-input;

Kendetegnet ved, at ovennavnte maksimale tilladelige skaleringsfaktor (gmax), om relevant, indstilles til st@rst

mulige veerdi pa betingelse af, at en aktiv okklusionskontrolslgjfe stadig er stabil og i det vaesentlige

modstandsdygtig over for destabilisering og/eller er indstillet, sa fglgende ggr sig gaeldende:
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e SgMax ligger pa en foruddefineret veerdi Sbound, og ovennaevnte foruddefinerede veerdi ligger naermere

bestemt mellem 4 og 6 dB, og naermere bestemt er den pa 5 dB;

e Sg er en kompleks frekvensafhaengig felsomhedsfunktion defineret ved

e SgMax er en maksimal st@rrelse af Sg defineret ved at

e Sgk er en veerdi af Sg ved en bestemt frekvens med indeks k;

e N er et maksimalt indeks;

e omax er ovennavnte maksimale tilladelige skaleringsfaktor.

4. Metoden i et af patentkravene 2 og 3, kendetegnet ved, at ovennaevnte fastleeggelse af ovennaevnte

kompensationsfilter datasaet (C) fra trin D omfatter fglgende trin
e Anvendelse af et selektionskriterie (K) eller et saet selektionskriterier ({K1, K2, ...} ) pa hver enkelt kandidat i
ovennavnte saet af ra kompensatordatasaet kandidater ({C1, C2, C3...} ), sa der derved identificeres en foretrukken

ra kompensator datasaet kandidat (CRAW) og/eller et saet af foretrukne ra kompensator dataseet kandidater ({CA,

CB, CC, ...}).

5. Metoden i patentkrav 4, kendetegnet ved, at ovennaevnte fastleeggelse af ovennaevnte kompensationsfilter

dataseet (C) fra trin D omfatter fglgende trin:

e Midlertidig konfigurering af ovennavnte hgreapparat (3) baseret pa en fgrste kandidat fra ovennaevnte saet af

foretrukne ra kompensator datasaet kandidater ({CA, CB, CC, ...} );

e Midlertidig konfigurering af ovennaevnte hgreapparat (3) baseret pa en anden kandidat fra ovennaevnte saet af

foretrukne ra kompensator datasaet kandidater ({ CA, CB, CC, ...});

e Tilvejebringelse af en absolut eller relativ evalueringsoplysning med hensyn til en eller flere kandidater fra

ovennavnte bruger (31);

e Fastleeggelse af en foretrukken konfiguration baseret pa ovennaevnte evalueringsoplysning, hvor ovennaavnte
fortrukne konfiguration naermere bestemt baseres pa en foretrukken ra kompensator datasaet kandidat (CRAW)

udvalgt fra ovennaevnte saet af foretrukne ra kompensator datasaet kandidater ({CA, CB, CC, ...}).

6. Metoden i et af patentkrav 4 eller 5, hvor ovennavnte metode yderligere omfatter fglgende trin:
e Fastlaeggelse af en kvalitetsindikator (Ql, Q2, Q3...) for hver enkelt kandidat fra ovennaevnte szt af

kompensationsfilter datasaet kandidater ({C1, C2, C3...}) ved anvendelse af mindst ovennavnte selektionskriterie
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(K) pa hver kandidat fra ovennaevnte szt af kompensationsfilter kandidater ({C1, C2, C3...}), sa der derved

tilvejebringes et saet af kvalitetsindikatorer ({Q1, Q2, Q3...});

e Fastleeggelse af en foretrukket ra kompensationsfilter datasaet kandidat (CRAW) eller et saet af foretrukne ra
kompensationsfilter datasaet kandidater ({CA, CB, CC, ...}) ved at sammenligne kvalitetsindikatorer (Q1, Q2, Q3...)

fra ovennaevnte saet af kvalitetsindikatorer ({ Q1, Q2, Q3...}).

7. Metoden i et af patentkrav 4 til 6, hvor ovennaevnte metode yderligere omfatter fglgende trin:
e Tilvejebringelse af mindst en vaegtning (W1, W2, ...) for hvert kriterie fra ovennaavnte sat af selektionskriterier

({K1, K2, ...}), sa der derved tilvejebringes et saet af veegte ({W1, W2, ...});

e Beregning af en kvalitetsindikator (Q1, Q2, Q3, ...) baseret pa flere kriterier for hver enkelt kandidat fra
ovennavnte saet af ra kompensationsfilter datasaet kandidater ({C1, C2, C3...}), sa der tilvejebringes et saet af

kvalitetsindikatorer ({Q1, Q2, Q3...});

e Fastleeggelse af en fortrukken ra kompensationsfilter datasaet kandidat (CRAW) eller et saet af fortrukne ra
kompensationsfilter datasaet kandidater ({CA, CB, CC, ...}) ved at sammenligne kvalitetsindikatorer (Q1, Q2, Q3, ...)

fra ovennaevnte saet af kvalitetsindikatorer ({ Q1, Q2, Q3...});

Kendetegnet ved, at beregningstrinnet for ovennaevnte kvalitetsindikator (Qy) baseret pa flere kriterier for en Y.
kandidat (CY) fra ovennaevnte saet af ra kompensationsfilter datasaet kandidater ({C1, C2, C3...}) omfatter fglgende
trin:

e Beregning af en kandidat- og kriteriespecifik kvalitetsindikator (QCYK1, QCYK2, ...} for hver enkelt
selektionskriterie (K1, K2, ...) fra ovennaevnte saet af selektionskriterier ({K1, K2, ...}) hvad angar ovennavnte Y.

kandidat (CY), sa der tilvejebringes et saet af kandidat- og kriteriespecifikke kvalitetsindikatorer ({QCYK1, QCYK2,
o });

e Beregning af ovennavnte kvalitetsindikator (QY) baseret pa flere kriterier for ovennaevnte Y. kandidat (CY) ved at
kombinere ovennaevnte saet af kriteriespecifikke kvalitetsindikatorer ((OCYK1, QCYK2, ...}) pa en made, der tager

ovennavnte sat af vaegte ({W1, W2, ...}) i betragtning som defineret af fglgende formel:
Og naermere bestemt som defineret af fglgende formel:
8. Metoden i et af de foregaende patentkrav, som yderligere omfatter et af fglgende trin:

e Indfgrsel af en frekvensafhaengig ventileringseffekt og/eller leekagefunktion (VE, |VE|) fra et grestykke pa

ovennavnte hgreapparat (3) eller en afskeeringsfrekvens (fVE) fra en hgjpasfilter-tilnaermelse af en sadan funktion;
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e Maling af en frekvensafhaengig ventileringseffekt og/eller laekagefunktion (VE, |VE|) fra et grestykke pa
ovennavnte hgreapparat (3) eller en afskeeringsfrekvens (f\/E) fra en hegjpasfilter-tilneermelse af en sadan

funktion:

e Udledning af en frekvensafhaengig ventileringseffekt og/eller lekagefunktion (VE, |VE]|) fra et grestykke pa
ovennavnte hgreapparat (3) eller en afskaeringsfrekvens (fVE) fra en hgjpasfilter-tilnaermelse af en sadan funktion
fra ovennavnte komplekse frekvensafhaengige veerksoverferselsfunktion (P), neermere bestemt ved at analysere
en lavfrekvent udrulning af ovennaevnte komplekse frekvensafhaengige vaerksoverfgrselsfunktion (P) og/eller ved
at anvende en lavfrekvent tilpasning af en filtreringsmetode, hvad angar ovennavnte komplekse

frekvensafthaengige veerksoverferselsfunktion (P);

Ovennaevnte metode omfatter yderligere fglgende trin:
e Brug af ovennavnte frekvensafhaengige ventileringseffekt og/eller laekagefunktion (VE, |VE]|) eller en
afskaeringsfrekvens (fVE) fra en hgjpasfilter-tiineermelse af en sadan funktion til fastleeggelse af ovennaevnte

kompensationsfilter dataseet ©.

9. Metoden i et af de foregaende patentkrav, som yderligere omfatter et af fglgende trin:
e |ndfgrsel af en fundamental frekvens (FO) og/eller et fundamentalt frekvensomrade ({FOmin, FOmax}) for

ovennavnte brugers (31) stemme;

e Tilvejebringelse af data forbundet med kgns- og/eller aldersoplysninger for ovennaevnte bruger (31) og
beregning baseret derpa af en fundamental frekvens (FO) og/eller et fundamentalt frekvensomrade ({FOmin,

FOmax}) for ovennaavnte brugers (31) stemme;

e Maling af en fundamental frekvens (FO) og/eller et fundamentalt frekvensomrade ({FOmin, FOmax}) for
ovennavnte brugers (31) stemme, mens ovennavnte stemme er aktiv, nsermere bestemt ved ovennaevnte
eksterne mikrofon (4) og/eller ovennaevnte @regangsmikrofon (8), naermere bestemt mens ovennavnte

h@reapparats (3) lyd er slaet fra;

e Maling af en fundamental frekvens (FO) og/eller et fundamentalt frekvensomrade ({FOmin, FOmax}) for
ovennavnte  brugers (31) stemme sammen med ovennaevnte  objektive  frekvensafhaengige
okklusionseffektfunktion (OE, |OE|) og/eller mindst en af dennes egenskaber som navnt ovenfor, naermere
bestemt ved at skaffe lyddata via ovennaevnte eksterne mikrofon (4) og ovennaevnte gregangsmikrofon (8),
naermere bestemt mens ovennavnte hgreapparat (3) er deempet og ved at bruge ovennaevnte lyddata for begge,
fastleeggelse af ovennavnte fundamentale frekvens (FO) og/eller fundamentale frekvensomrade ({FOmin, FOmax})
og fastleeggelse af ovennaevnte objektive frekvensafhaengig okklusionseffektfunktion (OE, |OE|) og/eller mindst en

af dennes egenskaber som naevnt ovenfor;
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Ovennaevnte metode omfatter yderligere fglgende trin:
e Brug af ovennavnte fundamentale frekvens (FO) og/eller fundamentale frekvensomrade ({FOmin, FOmax}) til

fastleeggelse af ovennaevnte kompensationsfilter datasaet (C).

10. Metoden i et af foregaende patentkrav, kendetegnet ved, at ovennavnte "maling af en kompleks
frekvensafhaengig veerksoverfgrselsfunktion (P)" i trin B omfatter fglgende trin:

e Preesentation af en optaget virkelig lyd eller en kombination af en sadan lyd med en kunstig lyd og/eller med en
behandlet eller ubehandlet lyd fra omgivelserne som veaerksstimulus, hvor ovennaevnte optagede virkelige lyd

naermere bestemt er en lyd fra naturen, musik, en stemme og/eller ovennaevnte brugers (31) egen stemme;

Og/eller omfatter et eller flere af fglgende trin:
e Fysisk eller logisk frakobling af ovennaevnte receiver (7) fra en omgivende lydbehandlingsmetode (5, 6) og

tilkobling af denne til en stimulusgenereringsmetode (15);

e Praesentation af en kunstig bredbandsstimulus som vaerksstimulus, naermere bestemt lysergd stgj, hvid stgj, en

pseudo-tilfaeldig binzer sekvens PRBS, naermere bestemt en maksimallaengde sekvens MLS;

e Praesentation af en kunstig tonal stimulus som vaerksstimulus, naermere bestemt trinvis eller fejet sinus eller en

kompleks multisinus;

e Przsentation af en behandlet eller ubehandlet nuvaerende omgivende lyd som vaerksstimulus;

e Praesentation af en lyd modtaget via trad og/eller tradlgst af ovennaevnte hgreapparat (3), behandlet eller

ubehandlet som vaerksstimulus;

e Beregning via ovennavnte veerksmalingsanalysemetode (18) af en forskel pa en logaritmisk
frekvensdomaenerepraesentation af ovennavnte resulterende lyd og en logaritmisk

frekvensdomaenerepraesentation af ovennavnte vaerksstimulus;

. Beregning via  ovennavnte  veerkmalingsanalysemetode  (18) af en  kvotient af en
frekvensdomaenereprasentation af ovennaevnte resulterende lyd og en frekvensdomanerepraesentation af

ovennavnte veerksstimulus.

11. Metoden i et af foregaende patentkrav, kendetegnet ved, at ovennaevnte "tilvejebringelse af an objektiv
frekvensafhaengig okklusionseffektfunktion (OE, |OE|) og/eller mindst en af dens egenskaber" fra trin C omfatter

et eller flere af fglgende trin:
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e Midlertidig lukning af en slids (10) pa ovennaevnte hgreapparat (3), under maling af ovennaevnte objektive
frekvensafhaengige okklusionseffektfunktion (OE, |OE|) og/eller mindst en af dennes egenskaber som navnt

ovenfor:;

e Midlertidig deempning af ovennavnte hgreapparat (3) under maling af ovennaevnte objektive frekvensathangige

okklusionseffektfunktion (OE, |OE|) og/eller mindst en af dennes egenskaber som naevnt ovenfor;

e Aktivering af ovennaevnte brugers stemme ved at give vedkommende anvisning til at tale frit, laese en tekst,
gentage et ord eller en saetning, stille et spgrgsmal, holde en vokal og/eller udtale forskellige vokaler og/eller

konsonanter;

e Vibrering af ovennaavnte brugers krop med en vibreringsmetode, idet ovennavnte vibreringsmetode omfatter
en kropsstimulusgenererende metode og, idet der modtages et signal derfra, en elektromekanisk transducer,
naermere bestemt en hovedtelefon til knogleledning, kendetegnet ved, at ovennaevnte referencelyd faes fra
ovennaevnte kropsstimulusgenererende metode eller fra en d@regangssonde under en efterfglgende aben

gregangsmaling;

e Anvendelse af abent gre forstaerkningskompensation ved hjeelp af en kompensationsmetode (13, 14) pa
ovennaevnte @regangslyd, sa der derved tilvejebringes en kompenseret gregangslyd eller pa ovennaevnte

referencelyd, sa der derved tilvejebringes en kompenseret referencelyd;

e Beregning via ovennavnte metode til okklusionsmalingsanalyse (16) af en forskel mellem en logaritmisk
frekvensdomaenerepraesentation af ovennaevnte gregangslyd eller, om det matte vaere tilfeeldet, ovennavnte
kompenserede gregangslyd og en logaritmisk frekvensdomaenerepraesentation af ovennaevnte referencelyd eller,

om det matte veere tilfaeldet, ovennaevnte kompenserede referencelyd;

e Beregning via ovennaevnte metode til okklusionsmalingsanalyse (16) af en kvotient for en
frekvensdomaenerepraesentation af ovennaevnte gregangslyd eller, om det matte veere tilfaeldet, ovennaevnte
kompenserede gregangslyd og en frekvensdomaenerepraesentation af ovennaevnte referencelyd eller, om det

matte vaere tilfaeldet, ovennaevnte kompenserede referencelyd.

12. Metoden i patentkrav 4, kendetegnet ved, at ovennaevnte selektionskriterie (K) eller mindst et kriterie fra
ovennaevnte st af selektionskriterier ({K1, K2, ... }) er en egenskab eller er baseret pa en eller flere egenskaber,

fra

e en kompleks frekvensafhaengig kandidatspecifik fglsomhedsfunktion (S) og/eller

e en kompleks frekvensafhaengig kandidatspecifik okklusionsmodificeringsfunktion (OM).
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13. Metoden i et af de foregaende patentkrav, kendetegnet ved, at ovennaevnte kompensationsfilter datasaet (C)
er repraesenteret af et eller flere af fglgende:

e Et seet af skaleere filterkoefficienter, som naermere bestemt omfatter koefficienter for en teaellerpolynom i z og
koefficienter for en naevnerpolynom i z;

e Data, der definerer et filter af n’te orden:

e Data, der definerer en kompleks frekvensafhaengig filterfunktion;

e En kompleks vektor med en foruddefineret dimension;

e Data, der definerer et filter med en frekvensopl@gsning af tredje oktav;

e Data, der definerer et frekvensdiskret eller et frekvenskontinuerligt filter;

e Data, der definerer et tidsdiskret eller et tidskontinuerligt filter;

e Data, der komprimeres og/eller reduceres til en datastgrrelse pa under 100 bytes;

e Et resultat af kombinering af et rafilter (CRAW) med en skaleringsfaktor (g);

e Data, der opbevares i og/eller afledes af data lagret i en database (22);

e Data, der bruges i en processor af ovennasvnte tilpasningsenhed (12);

e Data lagret i en ikke-flygtig hukommelse i ovennavnte hgreapparat (3);

e Data der bruges i en signalprocessor i ovennavnte hgreapparat (3).

Og/eller kendetegnet ved, at ovennaevnte hgreapparat (3) er en eller flere af fglgende:

e Et hgreapparat konfigureret til kompensering af brugerens hgretab;

e Et h@grebeskyttelsesapparat konfigureret til at hgre i stgjende omgivelser;

e En ITE eller i-gret h@reapparat;

e Et modulaert hgreapparat med et bag-gret modul savel som et i-gret modul, hvor ovennaevnte i-gret modul

omfatter bade ovennaevnte receiver (7) og ovennaevnte gregangsmikrofon (8), ovennaevnte bag-gret modul og
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ovennavnte i-gret modul, som er elektronisk forbundet med hinanden, idet ovennaevnte i-gret modul naermere

bestemt er et specialfremstillet grestykke eller en kuppel i fri stgrrelse;

e Et hgreapparat konfigureret til selvtilpasning af ovennavnte bruger (31);

e Et hgreapparat med et grestykke, hvor ovennaevnte grestykke har en slids (10) med a diameter i et interval fra

0,6 mmtil 1,2 mm, naermere bestemt 0,8 mm eller 1,0 mm;
e Et hgreapparat, der kan betjenes i mindst to modi, hvor ovennavnte mindst to modi naermere bestemt omfatter

en eller flere af et initialiseringsmodus, et tilpasningsmodus, et malingsmodus, et vaerkmalingsmodus, et

okklusionsmalingsmodus, et egen-stemme fundamentalt frekvensmalingsmodus, et demonstrationsmodus
og/eller et normalt driftsmodus;

Og/eller kendetegnet ved, at ovennavnte tilpasningsenhed (12) er et eller flere af fglgende:

e Et apparat eller system udstyret med en hukommelse og en processor, kendetegnet ved, at en passende
software kan lagres i ovennaevnte hukommelse og eksekverbar via ovennaavnte processor;

e En personlig computer, baerbar computer, tabletcomputer, notebook, subnotebook eller workstation;

e En telefon, naermere bestemt a smartphone, mobiltelefon og/eller tradlgs telefon;

e En fjernbetjening til hgreapparatet;

e En enhed, der er integreret i ovennaevnte hgreapparat (3), naeermere bestemt integreret i et grestykke og/eller et

bag-gret modul til ovennaevnte hgreapparat (3);

e Et apparat eller system konfigureret til fjerntilpasning, kendetegnet ved, at mindst en del af tilpasningsenheden

(12) befinder sig et sted fjernt fra ovennaevnte hgreapparat (3);

e Et apparat konfigureret til selvtilpasning, nemlig til ikke-assisteret betjening af ovennaavnte bruger (31) selv.
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