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(57) A method of determining a set of individual HRT-
Fs for a specific human includes obtaining a set of ap-
proximate HRTFs, obtaining at least one measured
HRTF of teh specific human, determining a deviation of
one of the at least one measured HRTF with relation to

a corresponding one of the set of approximate HRTFs,
and forming the set of individual HRTFs by modification
of the set of approximate HRTFs based at least in part
on the determined deviation.
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Description

[0001] A new method of determining individual HRTFs, a new fitting system configured to determine individual HRTFs
according to the new method, and a hearing instrument, or a device supplying audio to the hearing instrument, with the
individual HRTFs determined according to the new method, are provided.
[0002] Hearing aid users have been reported to have poorer ability to localize sound sources when wearing their
hearing aids than without their hearing aids. This represents a serious problem for the hearing impaired population.
[0003] Furthermore, hearing aids typically reproduce sound in such a way that the user perceives sound sources to
be localized inside the head. The sound is said to be internalized rather than being externalized. A common complaint
of hearing aid users trying to understand speech in noise is that it is very hard to follow anything that is being said even
though the signal to noise ratio (SNR) should be sufficient to provide the required speech intelligibility. A significant
contributor to this fact is that the hearing aid reproduces an internalized sound field. This adds to the cognitive loading
of the hearing aid user and may result in listening fatigue and ultimately that the user removes the hearing aid(s).
[0004] Thus, there is a need for a new hearing aid with improved externalization and localization of sound sources.
[0005] A human with normal hearing will also experience benefits of improved externalization and localization of sound
sources when using a hearing instrument, such as a headphone, headset, etc, e.g. playing computer games with moving
virtual sound sources or otherwise enjoying replayed sound with externalized sound sources.
[0006] Human beings detect and localize sound sources in three-dimensional space by means of the human binaural
sound localization capability.
[0007] The input to the hearing consists of two signals, namely the sound pressures at each of the eardrums, in the
following termed the binaural sound signals. Thus, if sound pressures at the eardrums that would have been generated
by a given spatial sound field are accurately reproduced at the eardrums, the human auditory system would not be able
to distinguish the reproduced sound from the actual sound generated by the spatial sound field itself.
[0008] It is not fully known how the human auditory system extracts information about distance and direction to a
sound source, but it is known that the human auditory system uses a number of cues in this determination. Among the
cues are spectral cues, reverberation cues, interaural time differences (ITD), interaural phase differences (IPD) and
interaural level differences (ILD).
[0009] The transmission of a sound wave from a sound source to the ears of the listener, wherein the sound source
is positioned at a given direction and distance in relation to the left and right ears of the listener is described in terms of
two transfer functions, one for the left ear and one for the right ear, that include any linear transformation, such as
coloration, interaural time differences and interaural spectral differences. These transfer functions change with direction
and distance of the sound source in relation to the ears of the listener. It is possible to measure the transfer functions
for any direction and distance and simulate the transfer functions, e.g. electronically, e.g. with digital filters.
[0010] If a pair of filters are inserted in the signal path between a playback unit, such as a MP3-player, and headphones
used by the listener, the pair of filters having transfer functions, one for the left ear and one for the right ear, of the
transmission of a sound wave from a sound source positioned at a certain direction and distance in relation to the listener,
to the positions of the headphones at the respective ears of the listener, the listener will achieve the perception that the
sound generated by the headphones originates from a sound source, in the following denoted a "virtual sound source",
positioned at the distance and in the direction in question, because of the true reproduction of the sound pressures at
the eardrums in the ears.
[0011] The set of the two transfer functions, the one for the left ear and the one for the right ear, is called a Head-
Related Transfer Function (HRTF). Each transfer function of the HRTF is defined as the ratio between a sound pressure
p generated by a plane wave at a specific point in or close to the appertaining ear canal (pL) in the left ear canal and pR
in the right ear canal) in relation to a reference (p1). The reference traditionally chosen is the sound pressure pI that
would have been generated by a plane wave at a position right in the middle of the head, but with the listener absent.
In the frequency domain, the HRTF is given by: 

[0012] Where L designates the left ear and R designates the right ear, and P is the pressure level in the frequency
domain.
[0013] The time domain representation or description of the HRTF, i.e. the inverse Fourier transforms of the HRTF,
is designated the Head Related Impulse Response (HRIR). Thus, the time domain representation of the HRTF is a set
of two impulse responses, one for the left ear and one for the right ear, each of which is the inverse Fourier transform
of the corresponding transfer function of the set of two transfer functions of the HRTF in the frequency domain.
[0014] The HRTF contains all information relating to the sound transmission to the ears of the listener, including the
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geometries of a human being which are of influence to the sound transmission to the ears of the listener, e.g. due to
diffraction around the head, reflections from shoulders, reflections in the ear canal, transmission characteristics through
the ear canals, if the HRTF is determined for points inside the respective ear canals, etc. Since the anatomy of humans
shows a substantial variability from one individual to the other, the HRTFs vary from individual to individual.
[0015] The complex shape of the ear is a major contributor to the individual spatial-spectral cues (ITD, ILD and spectral
cues) of a listener.
[0016] In the following, one of the transfer functions of the HRTF, i.e. the left ear part of the HRTF or the right ear part
of the HRTF, will also be termed the HRTF for convenience.
[0017] Likewise, the pair of transfer functions of a pair of filters simulating an HRTF is also denoted a Head-Related
Transfer Function even though the pair of filters can only approximate an HRTF.

SUMMARY

[0018] Reproduction of sound to the ears of a listener in such a way that spatial information about positions of sound
sources with relation to the listener is maintained has several positive effects, including externalization of sound sources,
maintenance of sense of direction, synergy between the visual and auditory systems, and better understanding of speech
in noise.
[0019] Preferably, measurement of individual HRTFs is performed with the individual standing in an anechoic chamber.
Such measurements are expensive, time consuming, and cumbersome, and probably unacceptable to the user.
[0020] Therefore, approximated HRTFs are often used, such as HRTFs obtained by measurements with an artificial
head, e.g. a KEMAR manikin. An artificial head is a model of a human head where geometries of a human being which
influence the propagation of sound to the eardrums of a human, including diffraction around the body, shoulder, head,
and ears, are modelled as closely as possible. During determination of HRTFs of the artificial head, two microphones
are positioned in the ear canals of the artificial head to sense sound pressures, similar to the procedure for determination
of HRTFs of a human.
[0021] However, when binaural signals have been generated using HRTFs from an artificial head, the actual listener’s
experience has been disappointing. In particular, listeners report internalization of sound sources and/or diffused sense
of direction.
[0022] In general, sound sources positioned on the so-called "cone of confusion" with the same distance to the user,
do not give rise to neither different ITDs nor different ILDs. Consequently, the listener cannot determine from the ITD or
ILD, whether the sound sources are located behind, in front of, above, below, or anywhere else along a circumference
of a cone at any given distance from the ear.
[0023] Thus, accurate individual HRTFs are required to convey the perception of sense of direction to the user.
[0024] Therefore there is a need for a method for generation of a set of individual HRTF’s in a fast, inexpensive and
reliable way.
[0025] Thus, a new method of determining a set of individual HRTFs for a human is provided, comprising the steps of

obtaining a set of approximate HRTFs,

obtaining at least one measured HRTF of the specific human,

determining a deviation of one of the at least one measured HRTF with relation to a corresponding one of the set
of approximate HRTFs, and

forming the set of individual HRTFs by modification of the set of approximate HRTFs based at least in part on the
determined deviation.

[0026] The approximate HRTFs may be HRTFs determined in any other way than measurement of the HRTFs of the
human in question with microphones positioned at the ears of the human in question, e.g. at the entrance to the ear
canal of the left ear and right ear.
[0027] For example, the approximate HRTFs may be previously determined for an artificial head, such as a KEMAR
manikin, and stored for subsequent use. The approximate HRTFs may for example be stored locally in a memory at the
dispenser’s office, or may be stored remotely on a server, e.g. in a database, for access through a network, such as a
Wide-Area-Network, such as the Internet.
[0028] The approximate HRTFs may also be determined as an average of previously determined HRTFs for a group
of humans. The group of humans may be selected to fit certain features of the human for which the individual HRTFs
are to be determined in order to obtain approximate HRTFs that more closely match the respective corresponding
individual HRTFs. For example, the group of humans may be selected according to age, race, gender, family, ear size,
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etc, either alone or in any combination.
[0029] The approximate HRTFs may also be HRTFs previously determined for the human in question, e.g. during a
previous fitting session at an earlier age.
[0030] Throughout the present disclosure, HRTFs for the same combination of direction and distance, but obtained
in different ways and/or for different humans and/or artificial heads, are termed corresponding HRTFs.
[0031] The deviation(s) of the one or more individual measured HRTF(s) with relation to the corresponding approximate
HRTF(s) of the set of approximate HRTFs is/are determined by comparison in the time or frequency domain.
[0032] In the comparison, phase information may be disregarded. The ears of a human are not sensitive to the phase
of sound signals. What is important is the relative phase or time difference of sound signals as received at the ears of
the human and as long as the relative time or phase differences are not disturbed; the HRTFs may be modified disregarding
timing or phase information.
[0033] In one embodiment of the new method, solely a single individual HRTF is measured, preferably a far field
measurement in the forward looking direction is performed, i.e. 0° azimuth, 0° elevation.
[0034] When a listener resides in the far field of a sound source, the HRTFs do not change with distance. Typically,
the listener resides in the far field of a sound source, when the distance to the sound source is larger than 1.5 m.
[0035] In many fitting sessions, the far field HRTF of one direction, typically the forward looking direction is already
measured.
[0036] The individual HRTFs may then be obtained by modification of the corresponding approximate HRTFs in
accordance with a deviation(s) of the measured individual HRTF(s) with relation to the corresponding approximate
HRTF(s) as determined in the frequency domain or in the time domain.
[0037] In the frequency domain, a synthesizing filter H may be determined as the ratio between the measured individual
HRTF and the corresponding approximate HRTF: 

[0038] Then, each of the individual HRTFs of the human may be determined by multiplication of the corresponding
approximate HRTF with the synthesizing filter H: 

[0039] Wherein θ is the azimuth, ϕ is the elevation, and d is the distance to the sound source position for which the
individual HRTF is obtained.
[0040] Most often, HRTFs are determined for the far field only, i.e. 

[0041] In the time domain, a synthesizing impulse response h may be determined as the de-convolution of the measured
individual hindividual with the corresponding approximate impulse response happ, i.e. solve the equation: 

wherein * is the symbol for convolution of functions.
[0042] Then, each of the individual impulse responses hindividual of the human may be determined by convolution of
the corresponding approximate impulse responses happ with the synthesizing impulse response h: 

and in the far field: 
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[0043] Wherein θ is the azimuth, ϕ is the elevation, and d is the distance to the sound source position for which the
individual impulse response is obtained.
[0044] In order to make the individual HRTFs more accurate, HRTFs of a plurality of combinations of directions and
distances may be determined during a fitting session of a hearing instrument, typically including the forward looking
direction.
[0045] Remaining individual HRTFs may then be obtained by modification of the corresponding approximate HRTFs
in accordance with deviation(s) in the frequency domain or in the time domain of the measured individual HRTF(s) with
relation to the corresponding approximate HRTF(s).
[0046] In the frequency domain, for each measured individual HRTFd, a synthesizing filter Hd may be determined as
the ratio between the measured individual HRTFd and the corresponding approximate HRTFd: 

[0047] And disregarding phase: 

[0048] Then, for each of the remaining individual HRTFrs of the human, a corresponding synthesizing filter Hs may
be determined by interpolation or extrapolation of the synthesizing filters Hd, and each of the remaining individual HRTFrs
of the human may be determined by multiplication of the corresponding approximate HRTFr with the synthesizing filter Hs: 

Or 

[0049] Wherein θ is the azimuth, ϕ is the elevation, and d is the distance to the sound source position for which the
individual HRTF is obtained.
[0050] Likewise in the time domain, a synthesizing impulse response hd may be determined as the de-convolution of
the measured individual hd

individual with the corresponding approximate impulse response hdapp, i.e. solve the equation: 

wherein * is the symbol for convolution of functions.
[0051] Then, for each of the remaining individual impulse responses hr

individual of the human, a corresponding synthe-
sizing impulse response hs may be determined by interpolation or extrapolation of the synthesizing impulse responses
hd, and each of the remaining individual impulse responses hr of the human may be determined by multiplication of the
corresponding approximate impulse responses hr

app with the synthesizing impulse response hs: 
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in the far field: 

[0052] wherein θ is the azimuth, ϕ is the elevation, and d is the distance to the sound source position for which the
individual impulse response is obtained.
[0053] Thus, according to the new method a large number of individual HRTFs may be provided without individual
measurement of each of the individual HRTFs; rather measurement of a single or a few individual HRTFs is sufficient
so that the set of individual HRTFs can be provided without discomfort to the intended user of the hearing instrument.
[0054] A hearing instrument is also provided, comprising

an input for provision of an audio input signal representing sound output by a sound source, and

a binaural filter for filtering the audio input signal and configured to output a right ear signal for a right ear of a user
of the hearing instrument and a left ear signal for a left ear of the user, wherein

the binaural filter comprises an individual HRTF, which is one of the individual HRTFs determined in accordance
with the method of the present disclosure.

[0055] The hearing instrument provides the user with improved sense of direction.
[0056] The hearing instrument may be a headset, a headphone, an earphone, an ear defender, an earmuff, etc, e.g.
of the following types: Ear-Hook, In-Ear, On-Ear, Over-the-Ear, Behind-the-Neck, Helmet, Headguard, etc.
[0057] Further, the hearing instrument may be a hearing aid, e.g. a binaural hearing aid, such as a BTE, a RIE, an
ITE, an ITC, a CIC, etc, (binaural) hearing aid.
[0058] The audio input signal may originate from a sound source, such as a monaural signal received from a spouse
microphone, a media player, a hearing loop system, a teleconference system, a radio, a TV, a telephone, a device with
an alarm, etc.,
[0059] The audio input signal is filtered with the binaural filter in such a way that the user perceives the received audio
signal to be emitted by the sound source positioned in a position and/or arriving from a direction in space corresponding
to the HRTF of the binaural filter.
[0060] The hearing instrument may be interconnected with a device, such as a hand-held device, such as a smart
phone, e.g. an Iphone, an Android phone, a windows phone, etc.
[0061] The hearing instrument may comprise a data interface for transmission of data to the device.
[0062] The data interface may be a wired interface, e.g. a USB interface, or a wireless interface, such as a Bluetooth
interface, e.g. a Bluetooth Low Energy interface.
[0063] The hearing instrument may comprise an audio interface for reception of an audio signal from the device and
for provision of the audio input signal.
[0064] The audio interface may be a wired interface or a wireless interface.
[0065] The data interface and the audio interface may be combined into a single interface, e.g. a USB interface, a
Bluetooth interface, etc.
[0066] The hearing instrument may for example have a Bluetooth Low Energy data interface for exchange of control
data between the hearing instrument and the device, and a wired audio interface for exchange of audio signals between
the hearing instrument and the device.
[0067] The device may comprise a sound generator connected for outputting audio signals to the hearing instrument
via pairs of filters with the determined individual HRTFs for generation of a binaural acoustic sound signal emitted towards
the eardrums of the user. In this way, the user of the hearing instrument will perceive sound output by the device to
originate from a virtual sound source positioned outside the user’s head in a position corresponding to the selected
HRTF simulated by the pair of filters.
[0068] The hearing instrument may comprise an ambient microphone for receiving ambient sound for transmission
towards the ears of the user. This is obviously the case for hearing aids, but other types of hearing instruments may
also comprise an ambient microphone, for example in the event that the hearing instrument provides a sound proof, or
substantially, sound proof, transmission path for sound emitted by the loudspeaker(s) of the hearing instrument towards
the ear(s) of the user, the user may be acoustically disconnected in an undesirable way from the surroundings. This
may for example be dangerous when moving in traffic.
[0069] The hearing instrument may have a user interface, e.g. a push button, so that the user can switch the microphone
on and off as desired thereby connecting or disconnecting the ambient microphone and one loudspeaker of the hearing
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instrument.
[0070] The hearing instrument may have a mixer with an input connected to an output of the ambient microphone and
another input connected to an output of the device supplying an audio signal, and an output providing an audio signal
that is a weighted combination of the two input audio signals.
[0071] The user input may further include means for user adjustment of the weights of the combination of the two input
audio signals, such as a dial, or a push button for incremental adjustment.
[0072] The hearing instrument may have a threshold detector for determining the loudness of the ambient signal
received by the ambient microphone, and the mixer may be configured for including the output of the ambient microphone
signal in its output signal only when a certain threshold is exceeded by the loudness of the ambient signal.
[0073] A fitting instrument for fitting a hearing aid to a user and operating in accordance with the new method for
provision of individual HRTFs of the user to the hearing aid, is also provided.
[0074] Fitting instruments are well known in the art and have proven adequate for adjusting signal processing param-
eters of a hearing aid so that the hearing aid accurately compensates the actual hearing loss of the hearing aid user.
[0075] The fitting process typically involves measuring the auditory characteristics of the hearing aid user’s hearing,
estimating the acoustic characteristics needed to compensate for the particular auditory deficiency measured, adjusting
the auditory characteristics of the acoustic hearing aid so that the appropriate acoustic characteristics may be delivered,
and verifying that these particular auditory characteristics do compensate for the hearing deficiency found by operating
the acoustic hearing aid in conjunction with the user.
[0076] Standard techniques are known for these fittings which are typically performed by an audiologist, hearing aid
dispenser, otologist, otolaryngologist, or other doctor or medical specialist.
[0077] In the well-known methods of acoustically fitting a hearing aid to an individual, the threshold of the individual’s
hearing is typically measured using an audiometer, i.e. a calibrated sound stimulus producing device and calibrated
headphones. The measurement of the threshold of hearing takes place in a room with very little audible noise.
[0078] Generally, the audiometer generates pure tones at various frequencies between 125 Hz and 8,000 Hz. These
tones are transmitted to the individual being tested, e.g. through headphones of the audiometer. Normally, the tones
are presented in step of an octave or half an octave. The intensity or volume of the pure tones is varied and reduced
until the individual can just barely detect the presence of the tone. This intensity threshold is often defined and found as
the intensity of which the individual can detect 50 percent of the tones presented. For each pure tone, this intensity
threshold is known as the individual’s air conduction threshold of hearing. Although the threshold of hearing is only one
element among several that characterizes an individual’s hearing loss, it is the predominant measure traditionally used
to acoustically fit a hearing aid.
[0079] Once the threshold of hearing in each frequency band has been determined, this threshold is used to estimate
the amount of amplification, compression, and/or other adjustment that will be employed to compensate for the individual’s
loss of hearing. The implementation of the amplification, compression, and/or other adjustments and the hearing com-
pensation achieved thereby depends upon the hearing aid being employed. There are various formulas known in the
art which have been used to estimate the acoustic parameters based upon the observed threshold of hearing. These
include generic rules, such as NAL and POGO, which may be used when fitting hearing aid from most hearing aid
manufactures. There are also various proprietary methods used by various hearing aid manufacturers. Additionally,
based upon the experience of the person performing the testing and the fitting of the hearing aid to the individual, these
various formulas may be adjusted.
[0080] The new fitting instrument has a processor that is further configured for determining individual HRTFs of a user
of the hearing aid to be fitted, by obtaining approximate HRTFs , e.g. from a server accessed through the Internet.
[0081] The processor is also configured for controlling measurement of one or more individual HRTF(s) of the user,
e.g. the HRTF of the forward looking direction with azimuth θ = 0° and elevation ϕ = 0°.
[0082] The processor is further configured for determination of individual HRTFs or HRIRs by determination of devi-
ation(s) of the measured one or more individual HRTF(s) or HRIR(s) with relation to the corresponding approximated
HRTF(s) or HRIR(s), respectively, and subsequent determination of other HRTFs or HRIRs based on the corresponding
approximate HTRFs or HRIRs and the determined deviation(s).
[0083] Signal processing in the new hearing aid and in the new fitting instrument may be performed by dedicated
hardware or may be performed in a signal processor, or performed in a combination of dedicated hardware and one or
more signal processors. As used herein, the terms "processor", "signal processor", "controller", "system", etc., are
intended to refer to CPU-related entities, either hardware, a combination of hardware and software, software, or software
in execution.
[0084] For example, a "processor", "signal processor", "controller", "system", etc., may be, but is not limited to being,
a process running on a processor, a processor, an object, an executable file, a thread of execution, and/or a program.
[0085] By way of illustration, the terms "processor", "signal processor", "controller", "system", etc., designate both an
application running on a processor and a hardware processor. One or more "processors", "signal processors", "control-
lers", "systems" and the like, or any combination hereof, may reside within a process and/or thread of execution, and
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one or more "processors", "signal processors", "controllers", "systems", etc., or any combination hereof, may be localized
on one hardware processor, possibly in combination with other hardware circuitry, and/or distributed between two or
more hardware processors, possibly in combination with other hardware circuitry.
[0086] Also, a processor (or similar terms) may be any component or any combination of components that is capable
of performing signal processing. For examples, the signal processor may be an ASIC processor, a FPGA processor, a
general purpose processor, a microprocessor, a circuit component, or an integrated circuit.
[0087] Optionally, the at least one measured HRTF comprises only a single measured HRTF.
[0088] Optionally, the act of obtaining the set of approximate HRTFs includes determining the approximate HRTFs
for an artificial head.
[0089] Optionally, the act of obtaining the set of approximate HRTFs includes retrieving the approximate HRTFs from
a database.
[0090] Optionally, the method further includes: classifying the specific human into a predetermined group of humans;
and retrieving the approximate HRTFs from a database with HRTFs relating to the predetermined group of humans,
such as average HRTFs of the predetermined group of humans, or previously measured HRTFs of one or more humans
representing the predetermined group of humans.
[0091] Optionally, the act of modifying includes: calculating ratio(s) between the at least one measured HRTF and the
corresponding approximate HRTF(s), and forming the set of individual HRTFs by modification of the set of approximate
HRTFs in accordance with the calculated ratio(s).
[0092] Optionally, the at least one measured HRTF comprises a plurality of measured HRTFs; the method further
comprises determining additional deviation(s) of other one(s) of the measured HRTFs with relation to corresponding
one(s) of the set of approximate HRTFs; and the act of forming the set of individual HRTFs comprises modifying the set
of approximate HRTFs based at least in part on the determined deviation and the determined additional deviation(s).
[0093] A fitting instrument for fitting a hearing aid to a user includes a processor configured for retrieving a set of
approximate HRTFs from a memory of the fitting instrument or a remote server; obtaining at least one measured HRTF
of the user; determining a deviation of one of the at least one measured HRTF with relation to a corresponding one of
the set of approximate HRTFs; and forming a set of individual HRTFs by modification of the set of approximate HRTFs
based at least in part on the determined deviation.
[0094] A hearing instrument includes: an input for provision of an audio input signal representing sound output by a
sound source; and a binaural filter for filtering the audio input signal, and configured to output a right ear signal for a
right ear of a user of the hearing instrument and a left ear signal for a left ear of the user; wherein the binaural filter
comprises an individual HRTF, which is one of the individual HRTFs determined in a accordance with one or more of
the methods described herein.
[0095] Optionally, the hearing instrument is a binaural hearing aid.
[0096] A device includes: a sound generator; and a binaural filter for filtering an audio output signal of the sound
generator into a right ear signal for a right ear of a user of the device and a left ear signal for a left ear of the user; wherein
the binaural filter comprises an individual HRTF, which is one of the individual HRTFs determined in a accordance with
one or more of the methods described herein.
[0097] Other and further aspects and features will be evident from reading the following detailed description.
[0098] In the following, preferred embodiments of the invention is explained in more detail with reference to the drawing,
wherein

Fig. 1 schematically illustrates a new fitting instrument,

Fig. 2 shows a virtual sound source positioned in a head reference coordinate system,

Fig. 3 schematically illustrates a device with individual HRTFs interconnected with a binaural hearing aid, and

Fig. 4 is a flowchart of the new method.

[0099] The new method, fitting instrument, hearing instrument, and device supplying audio to the hearing instrument,
will now be described more fully hereinafter with reference to the accompanying drawings, in which various examples
of the new method, fitting instrument, hearing instrument, and device supplying audio to the hearing instrument, are
illustrated. The new method, fitting instrument, hearing instrument, and device supplying audio to the hearing instrument,
according to the appended claims may, however, be embodied in different forms and should not be construed as limited
to the examples set forth herein. Rather, these examples are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the appended claims to those skilled in the art.
[0100] It should be noted that the accompanying drawings are schematic and simplified for clarity, and they merely
show details which are essential to the understanding of the new method and fitting instrument, while other details have
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been left out.
[0101] Like reference numerals refer to like elements throughout. Like elements will, thus, not be described in detail
with respect to the description of each figure.
[0102] Fig. 1 schematically illustrates a new fitting instrument 100 and its interconnections with the Internet 200 and
a new BTE hearing aid 10 shown in its operating position with the BTE housing behind the ear, i.e. behind the pinna, of
a user.
[0103] The fitting instrument 100 has a processor 110 that is configured for determining individual HRTFs of a user
of the hearing aid 10 to be fitted, by obtaining approximate HRTFs , e.g. from a server (not shown) accessed through
the Internet 200.
[0104] The processor 110 is also configured for controlling measurement of one or more individual HRTF(s) of the
user, e.g. the HRTF of the forward looking direction with azimuth θ = 0° and elevation ϕ = 0°.
[0105] The processor 110 is further configured for determination of individual HRTFs or HRIRs by determination of
deviation(s) of the measured one or more individual HRTF(s) or HRIR(s) with relation to the corresponding approximated
HRTF(s) or HRIR(s), respectively, and subsequent determination of other HRTFs or HRIRs based on the corresponding
approximate HTRFs or HRIRs and the determined deviation(s).
[0106] The fitting instrument 100 is further configured for transmission of some or all of the determined individual
HRTFs and/or HRIRs to the hearing aid through a wireless interface 80.
[0107] The fitting instrument 100 may further be configured for storing some or all of the determined individual HRTFs
and/or HRIRs on a remote server accessed through the Internet for subsequent retrieval, e.g. by the hand-held device,
such as a smartphone.
[0108] The BTE hearing aid 10 has at least one BTE sound input transducer with a front microphone 82A and a rear
microphone 84A for conversion of a sound signal into a microphone audio sound signal, optional pre-filters (not shown)
for filtering the respective microphone audio sound signals, A/D converters (not shown) for conversion of the respective
microphone audio sound signals into respective digital microphone audio sound signals 86, 88 that are input to a processor
90 configured to generate a hearing loss compensated output signal 92 based on the input digital audio sound signals
86, 88.
[0109] The illustrated BTE hearing aid further has a memory for storage of right ear parts of individual HRIRs of the
user determined by the fitting instrument and transmitted to the hearing aid. The processor is further configured for
selection of a right ear part of a HRIR for convolution with an audio sound signal input to the processor so that the user
perceives the audio sound signal to arrive from a virtual sound source position at a distance and in a direction corre-
sponding to the selected HRIR, provided that similar processing takes place at the left ear.
[0110] Fig. 2 shows a virtual sound source 20 positioned in a head reference coordinate system 22 that is defined
with its centre 24 located at the centre of the user’s head 26, which is defined as the midpoint 24 of a line 28 drawn
between the respective centres of the eardrums (not shown) of the left and right ears 30, 32 of the user. The x-axis 34
of the head reference coordinate system 22 is pointing ahead through a centre of the nose 36 of the user, its y-axis 38
is pointing towards the left ear 33 through the centre of the left eardrum (not shown), and its z-axis 40 is pointing upwards.
A line 42 is drawn through the centre 24 of the coordinate system 22 and the virtual sound source 20 and projected onto
the XY-plane as line 44.
[0111] Azimuth θ is the angle between line 44 and the X-axis 34. The X-axis 34 also indicates the forward looking
direction of the user. Azimuth θ is positive for negative values of the γ-coordinate of the virtual sound source 20, and
azimuth θ is negative for positive values of the γ-coordinate of the virtual sound source 20.
[0112] Elevation ϕ is the angle between line 42 and the XY-plane. Elevation ϕ is positive for positive values of the z-
coordinate of the virtual sound source 20, and elevation ϕ is negative for negative values of the z-coordinate of the virtual
sound source 20.
[0113] Distance d is the distance between the virtual sound source 20 and the centre 24 of the user’s head 26.
[0114] The illustrated new fitting instrument 100 is configured for measurement of individual HRTFs by measurement
of sound pressures at the closed entrances to the left and right ear canals, respectively, of the user.
[0115] WO 95/23493 A1 discloses determination of HRTFs and HRIRs that constitute good approximations to individual
HRTFs of a number of humans. The HRTFs and HRIRs are determined at the entrances to the ear closed canals; see
Figs. 5 and 6 of WO 95/23493 A1. Examples of individual HRTFs and HRIRs for various values of azimuth θ and elevation
ϕ are shown in Fig. 1 of WO 95/23493 A1.
[0116] The illustrated fitting instrument 100 has a processor that is configured for determining individual HRTFs of a
user of the hearing aid 10 to be fitted, by accessing a remote server (not shown) through the Internet 200 to retrieve
approximate HRTFs stored on a memory of the server and e.g. obtained as disclosed in WO 95/23493 A1, however
with 2° intervals.
[0117] The processor is also configured for controlling measurement of a single HRTF of the user, namely the HRTF
of the forward looking direction with azimuth θ = 0° and elevation ϕ = 0°. The processor is configured for determination
of the corresponding impulse response hd

individual. The determined hd
individual is compared to the corresponding approx-
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imate impulse response hd
app. A synthesizing impulse response hd is then determined as the de-convolution of the

measured individual impulse response hd
individual with the corresponding approximate impulse response hd

app, i.e. solve
the equation: 

wherein * is the symbol for convolution of functions.
[0118] Then, for each of the remaining individual impulse responses hr

individual of the human, the synthesizing impulse
response hd may be used for determination of the remaining individual impulse responses hr

individual of the human may
be determined by convolution of the corresponding approximate impulse responses hr

app with the synthesizing impulse
response hd:

wherein θ is the azimuth, ϕ is the elevation, and d is the distance to the sound source position for which the individual
impulse response is obtained as illustrated in Fig. 2.
[0119] Thus, according to the new method a large number of individual HRTFs is provided without individual meas-
urement of each of the individual HRTFs; rather measurement of a single or a few individual HRTFs is sufficient so that
the set of individual HRTFs can be provided without discomfort to the intended user of the hearing aid.
[0120] In this way, provision of a hearing aid that provides the user with improved sense of direction, is facilitated.
[0121] Fig. 3 shows a hearing system 50 with a binaural hearing aid 52A, 52B and a hand-held device 54. The illustrated
hearing system 50 uses speech syntheses to issue messages and instructions to the user and speech recognition is
used to receive spoken commands from the user.
[0122] The illustrated hearing system 50 comprises a binaural hearing aid 52A, 52B comprising electronic components
including two receivers 56A, 56B for emission of sound towards the ears of the user (not shown), when the binaural
hearing aid 52A, 52B is worn by the user in its intended operational position on the user’s head. It should be noted that
the binaural hearing aid 52A, 52B shown in Fig. 3, may be substituted with another hearing instrument of any known
type including an Ear-Hook, In-Ear, On-Ear, Over-the-Ear, Behind-the-Neck, Helmet, Headguard, etc, headset, head-
phone, earphone, ear defenders, earmuffs, etc.
[0123] The illustrated binaural hearing aid 52A, 52B may be of any type of hearing aid, such as a BTE, a RIE, an ITE,
an ITC, a CIC, etc, binaural hearing aid. The illustrated binaural hearing aid may also be substituted by a single monaural
hearing aid worn at one of the ears of the user, in which case sound at the other ear will be natural sound inherently
containing the characteristics of the user’s individual HRTFs.
[0124] The illustrated binaural hearing aid 52A, 52B has a user interface (not shown), e.g. with push buttons and dials
as is well-known from conventional hearing aids, for user control and adjustment of the binaural hearing aid 52A, 52B
and possibly the hand-held device 54 interconnected with the binaural hearing aid 52A, 52B, e.g. for selection of media
to be played back.
[0125] In addition, the microphones of binaural hearing aid 52A, 52B may be used for reception of spoken commands
by the user transmitted (not shown) to the hand-held device 54 for speech recognition in a processor 58 of the hand-
held device 54, i.e. decoding of the spoken commands, and for controlling the hearing system 50 to perform actions
defined by respective spoken commands.
[0126] The hand-held device 54 filters the output of a sound generator 60 of the hand-held device 54 with a binaural
filter 63, i.e. a pair of filters 62A, 62B, with a selected HRTF into two output audio signals, one for the left ear and one
for the right ear, corresponding to the filtering of the HRTF of a selected direction. This filtering process causes sound
reproduced by the binaural hearing aid 50 to be perceived by the user as coming from a virtual sound source localized
outside the head from a direction corresponding to the HRTF in question.
[0127] The sound generator 60 may output audio signals representing any type of sound suitable for this purpose,
such as speech, e.g. from an audio book, radio, etc, music, tone sequences, etc.
[0128] The user may for example decide to listen to a radio station while walking, and the sound generator 60 generates
audio signals reproducing the signals originating from the desired radio station filtered by binaural filter 63, i.e. filter pair
62A, 62B, with the HRTFs in question, so that the user perceives to hear the desired music from the direction corresponding
to the selected HRTFs.
[0129] The illustrated hand-held device 54 may be a smartphone with a GPS-unit 66 and a mobile telephone interface



EP 2 822 301 A1

11

5

10

15

20

25

30

35

40

45

50

55

68 and a WiFi interface 80.
[0130] Fig. 4 is a flowchart of the new method comprising the steps of:

102: Obtaining a set of approximate HRTFs,

103: Measure one or more individual HRTF(s) of the human,

104: For each of the one or more measured individual HRTFs, determine a deviation of the measured individual
HRTF with relation to the corresponding approximate HRTF of the set of approximate HRTFs, and

105: Forming the set of individual HRTFs by modification of the set of approximate HRTFs in accordance with the
determined deviation(s), as explained in more detail in the summary.

[0131] Although particular embodiments have been shown and described, it will be understood that it is not intended
to limit the claimed inventions to the preferred embodiments, and it will be obvious to those skilled in the art that various
changes and modifications may be made without department from the spirit and scope of the claimed inventions. The
specification and drawings are, accordingly, to be regarded in an illustrative rather than restrictive sense. The claimed
inventions are intended to cover alternatives, modifications, and equivalents.

Claims

1. A method of determining a set of individual HRTFs for a specific human, comprising the steps of

obtaining a set of approximate HRTFs,
obtaining at least one measured HRTF of the specific human,
determining a deviation of one of the at least one measured HRTF with relation to a corresponding one of the
set of approximate HRTFs, and
forming the set of individual HRTFs by modification of the set of approximate HRTFs based at least in part on
the determined deviation.

2. A method according to claim 1, wherein the at least one measured HRTF comprises only a single measured HRTF.

3. A method according to claim 1 or 2, wherein the step of obtaining the set of approximate HRTFs includes determining
the approximate HRTFs for an artificial head.

4. A method according to claim 1 or 2, wherein the step of obtaining the set of approximate HRTFs includes retrieving
the approximate HRTFs from a database.

5. A method according to any of the previous claims, further comprising the step of classifying the specific human into
a predetermined group of humans, and
retrieving the approximate HRTFs from a database with HRTFs relating to the predetermined group of humans.

6. A method according to any of the previous claims, wherein the step of modifying includes the steps of

calculating ratio(s) between at least one measured HRTF and the corresponding approximate HRTF(s), and
forming the set of individual HRTFs by modification of the set of approximate HRTFs in accordance with the
calculated ratio(s).

7. A method according to any of the previous claims, wherein
the at least one measured HRTF comprises a plurality of measured HRTFs, and wherein the method further comprises
determining additional deviation(s) of other one(s) of the measured HRTFs with relation to corresponding one(s) of
the set of approximate HRTFs; and wherein
the step of forming the set of individual HRTFs comprises modifying the set of approximate HRTFs based at least
in part on the determined deviation and the determined additional deviation(s).

8. A fitting instrument for fitting a hearing aid to a user, comprising a processor configured for
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retrieving a set of approximate HRTFs from a memory of one of the fitting instrument and a remote server,
obtaining at least one measured HRTF of the user,
determining a deviation of one of the at least one measured HRTF with relation to a corresponding one of the
set of approximate HRTFs, and
forming a set of individual HRTFs by modification of the set of approximate HRTFs based at least in part on the
determined deviation.

9. A hearing instrument comprising

an input for provision of an audio input signal representing sound output by a sound source, and
a binaural filter for filtering the audio input signal and configured to output a right ear signal for a right ear of a
user of the hearing instrument and a left ear signal for a left ear of the user, wherein
the binaural filter comprises an individual HRTF, which is one of the individual HRTFs determined in accordance
with the method of any of claims 1-7.

10. A hearing instrument according to claim 9, wherein the hearing instrument is a binaural hearing aid.

11. A device comprising

a sound generator, and
a binaural for filtering an audio output signal of the sound generator into a right ear signal for a right ear of a
user of the device and a left ear signal for a left ear of the user, and wherein
the binaural filter comprises filter an individual HRTF, which is one of teh individual HRTFs determined in a
accordance with the method of any of claims 1-7.
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