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Description
Technical field

[0001] The present invention relates to an apparatus
and a method for detecting a physiological measurement
from a physiological sound signal.

Background

[0002] Devices for exercising aid and applications in
other devices for the same, or applications for other pur-
poses, such as just for amusement have become popu-
lar. Such other devices can be portable media players,
mobile telephones, and portable digital assistants. Posi-
tioning information means, accelerometers, altitude me-
ters, etc. included in such devices may be used for added
value. Applications for gaming, exercise aid, log func-
tions, etc. may rely on these measured quantities.
[0003] Still, further measured quantities could enhance
the devices. Itis therefore a desire to add available quan-
tities to measure. However, since the devices are intend-
ed to be used by an ordinary user without particular skills
and the user normally appreciates gear that is easy to
handle, sensors that are used for professional measure-
ments are many times not suitable for these kinds of de-
vices. It is therefore a further desire to provide gear that
is easy to use by an ordinary user for the measurements.
[0004] US 2008/146890 A1 discloses a telemetric ap-
paratus for health and environmental monitoring with an
apparatus as an earpiece module according to the pre-
amble of claim 1.

[0005] US 2006/0064037 A1 discloses a system for
detecting non-verbal acoustic energy generated by a
subject. The system includes a sensor mountable on or
in a body region of the subject, wherein the sensor is
capable of sensing the non-verbal acoustic energy and
a processing unit being capable of processing the non-
verbal acoustic energy sensed by the sensorand deriving
an activity related signature therefrom.

Summary

[0006] The present invention provides an apparatus
for detecting a physiological measurement from a phys-
iological sound signal as defined in claim 1 and a corre-
sponding method as defined in claim 10. The dependent
claims define preferred and advantageous embodiment
of the invention. The present invention is based on the
understanding that an ordinary user is comfortable with
using earphones, and that addition of a microphone in
an earphone can be used for acquiring sounds from
which measurements on physiological sounds present
in the user’s ear can be made. The physiological sounds
are extracted by subtracting sounds provided by the
speaker of the earphone. From the physiological sounds,
desired quantities and/or qualities are determined, such
as heart rate or breathing pattern.
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Brief description of drawings

[0007]

Fig. 1 schematically illustrates an apparatus accord-
ing to an embodiment.

Fig. 2 is a flow chart illustrating a method according
to embodiments.

Fig. 3 is adiagram illustrating functions between pro-
vided music beat rate and breathing pattern or heart
rate.

Fig. 4 is a block diagram schematically illustrating
an application according to an embodiment.

Fig. 5 schematically illustrates a computer readable
medium.

Detailed description

[0008] Fig. 1 schematically illustrates an apparatus
100 according to an embodiment. The apparatus 100
comprises a speaker arrangement 102, e.g. an ear-
phone, which has a speaker 104 and a microphone 106
arranged together with the speaker 104. The speaker
104 is provided with an audio signal, e.g. music, which
preferably is provided by an amplifier 108, which in turn
may get the audio content from a media player element
109. As will be demonstrated below, the audio signal can
also comprise a sub-signal for heartbeat measurements.
The microphone 106, which is arranged to acquire heart
or breathing sounds and of course the audio sound gen-
erated by the speaker 104, provides its output signal to
a subtractor 110, which subtracts the audio signal from
the microphone signal. Optionally, the microphone signal
is filtered by a filter 111a. In addition, or alternatively, the
audio sound provided by amplifier 108 may be filtered by
a filter 111b before input to subtractor 110. The output
from the subtractor 110 essentially comprises a heart
and/or breathing sound signal since the signal compo-
nents emanating from the audio sound are deleted. The
heart and/or breathing sound signal is provided to a phys-
iological sound detector 112. Here, it should be noted
that a filter 111c can be arranged between the subtractor
110 and the physiological sound detector 112 instead of,
or in addition to, the filter 111a between the microphone
106 and the subtractor 112 and/or the filter 111b between
the amplifier 108 and the subtractor 110. The breathing
sound pattern can for example distinguish between
breathing through the nose or the mouth. The breathing
sound pattern can alternatively or additionaly be a meas-
ure on breathing rate, e.g. breaths per minute or period
between breaths, duty cycle of inhaling and/or exhaling,
etc. From the breathing sound pattern, the physical status
of a user can be estimated, e.g. during physical exercis-
ing. Similar applies for heart sounds, where heart rate
and/or amplitude of heart sound can be determined. The
subtractor 110, the optional filter(s) 111 a, b, ¢, and the
pattern detector 112 can be part of a signal processor
114 performing the functions of the elements 110, 111
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(a, b, c), 112, for example in analog or digital domain.
[0009] Inanembodiment, the breathing pattern can be
used for controlling an application 115 such that features
of the application are adapted to the breathing pattern
and/or the heartbeat.

[0010] For example, the application can be a music
selection application which selects music with a beat rate
that depends on for example the breathing rate. This can
for example be neat when listening to music while running
or jogging, as breathing is related to the physical effort,
and also has a relation to step pace. For example, at
running exercise, a 4-4 breathing means inhaling during
4 steps and exhaling during 4 steps, and during different
parts of an exercise, different breathing strategies can
be used, such as changing to 3-3, 2-2, 2-1 etc. If the
music is in pace with breathing and thus steps, the ex-
ercise can be improved.

[0011] Another example is by determining if breathing
is nasal or oral. This can be determined on the different
sound characteristics the breathing has when the air is
flowing in the head. Nasal breathing can then be taken
as a sign of low activity exercising, while oral breathing
can be taken as a sign of high activity exercising. Music
can then be selected accordingly.

[0012] Further another example is by determining if
breathing is deep or shallow. This can also be determined
from sounds the flowing air is causing in the head, and
which sounds can be acquired in the user’s ear. An ex-
ample is to select a lower beat rate on the music if breath-
ing is shallow to calm the user to getinto a deep breathing
state, which is known to lower heart rate and improve
efficiency in exercise. Similarly, if period of breathing is
too short to give proper oxygenation in the lungs, lowered
music beat rate can improve breathing and exercise.
[0013] Stillanother example is a combination of any of
the above breathing patterns, where a proper breathing
according to a pre-configured or user-configured model
is present, but still showing that pace of the exercise can
be increased, and therefore an increased beat rate of the
music is selected.

[0014] Alternatively, or in combination with any of the
examples given above, the heart rate and/or intensity of
heartbeat sounds can be used for exercising aid, and
optionally in combination with the music selection fea-
ture.

[0015] Of course, the measured breathing pattern
and/or heartbeat can also be used in an exercise aid
application without controlling any music selection. Sim-
ilar, the measured breathing pattern and/or heartbeat can
also be used in an application without any connection to
exercise aid.

[0016] The application can of course combine other
measured or estimated values and their derivatives too,
such as step counter, positioning data, altitude, etc. The
settings can be pre-defined or user-defined. The settings
can also be down-loadable from a remote location, e.g.
over a wireless communication interface such as a cel-
lular telecommunication system. The measured and es-
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timated values can also be saved in a log for post-exer-
cise analysis. Fig. 4 is a block diagram schematically
illustrating an example on objects and features of an ex-
ercise enhancing application 400. A breathing pattern
signal and/or heartbeat signal is input to the application
400, which is controlled by an application engine 402.
The application engine 402 is also enabled to receive
settings from a settings object 404, which for example
can provide settings made by a user, pre-defined set-
tings, or downloaded setting on age, weight, gender,
body mass index, exercise limits, exercise type, music
function, etc. to the application engine. The application
engine can also control one or more function objects 406
for differentfeatures. The application 400 can also control
other functions or applications, such as a media player,
as demonstrated with reference to Fig. 1. The output in-
terface for this control is preferably controlled by the ap-
plication engine 402. Here, it should be noted that the
example given with reference to Fig. 4 includes a multi-
tude of functions 406. Other examples are any applica-
tion comprising one or more of the functions given with
reference to Fig. 4. The application 400 can for example
be implemented as a feature in a mobile phone, a media
player, a GPS receiver or a personal digital assistant.
[0017] The application can also be independent on
physical exercising properties. Breathing can be used for
controlling the apparatus 100 on the user’s intention,
where different breathing patterns are decoded to oper-
ation instructions for the apparatus 100, for example
changing or pausing music provided by the media player
109.

[0018] By nature, the heartbeat produces a weak
sound in the head of the user with frequency components
mainly corresponding to the heart rate. The heartbeat
sound signal acquired by the microphone 106 can be
amplified, filtered and processed to produce a heart rate
value. The filtering can comprise low-pass filtering, since
the heartbeat itself normally is within the range of 0.5 to
3 Hz. Since music content normally is very low at these
frequencies, a narrow filter can enhance the heart sound
signal significantly.

[0019] Alternatively, the heartbeat signal is produced
by providing a sub-signal to one of the user’s ears by a
second speaker, which can be done together with e.g.
music. Preferably, the sub-signal is at a frequency not
discernable by the user, e.g. an ultrasonic or a subsonic
frequency should be used. As the sound of the sub-signal
propagates through the head of the user to the other ear,
the heartbeat will modulate, i.e. provide different attenu-
ation, the sub-signal sound through the pulsation of the
blood veins. The sound acquired by the microphone 106
in the other ear will comprise the modulated sub-signal
sound. A low-pass filter in case of a subsonic sub-signal,
and a high-pass filter in case of an ultrasonic sub-signal
can be used to suppress the music signal while detecting
the heartbeat. By similar signal processing as demon-
strated above, the heart rate can be determined. This
approach is particularly suitable for stereo earphones.
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[0020] Fig. 2 is a flow chart illustrating a method ac-
cording to embodiments, where hashed lines indicate op-
tional actions. The flow chart is for illustrative purposes,
and the order of the actions is not to be interpreted as a
sequential order. Instead, the actions are preferably to
be considered as real-time objects which can be per-
formed in any order, or in parallel. In an audio supply step
200, an audio signal is provided to a speaker suitable for
applying in a user’s ear, such as an earphone, for ren-
dering of the audio content of the audio signal. In a sound
acquisition step 202, sound present in the user’s ear is
acquired by a microphone arranged together with the
speaker. The sound present in the user’s ear will be a
mix of the rendered audio content and sounds generated
in the user’s head, such as breathing sounds which em-
anates from air flows in cavities of the head, and heart-
beat sounds from blood pulsating in veins in the head
according to any of the examples given with reference
to Fig. 1. In an optional sound signal filtering step 203,
the acquired sound signal can be filtered to enhance the
signal, e.g. attenuating frequencies out of frequency
range for breathing sounds and/or heartbeat sounds. In
an audio signal subtracting step 204, the audio signal is
subtracted from the sound signal to extract a breathing
signal. In a physiological sound detection step 206, a
breathing pattern and/or heartbeat is detected, as dem-
onstrated with reference to Fig. 1. Optionally, heart rate
can be estimated from the detected breathing pattern in
a heart rate estimation step 207. Different models for
estimating the heart rate from breathing pattern can be
used. A user and/or exercise specific model can be used,
where one or more characteristics of the breathing pat-
tern are mapped to an expected heart rate. Alternatively,
the heart rate can be estimated on the assumption that
the faster the breathing rate, the faster the heart rate.
Further alternatively, the heart rate can be estimated on
the assumption that higher air flow, for example based
on the amplitude and/or frequency components of the
breathing signal, is mapped to a higher heart rate, and a
shallow breathing is mapped to a higher heart rate then
deep breathing. The optional heart rate estimation step
207 can be an alternative to the possible heartbeat de-
termination of the physiological sound detection step
206, or a complement for comparison between detected
and estimated heart rate, where the comparison can be
used as input to an application. In an optional application
feature controlling step 209, features of one or more ap-
plications can be controlled based on the breathing pat-
tern, alternatively on the estimated heart rate.

[0021] Fig.3isadiagramillustrating functions between
provided music beat rate and breathing pattern or heart
rate. For the case of breathing pattern, a determined
breathing rate, periodicity, or duty cycle can be used for
this type of relation. The solid line illustrates a linear re-
lation between the breathing pattern or estimated heart
rate and the music beat rate, while the dot-dashed lines
illustrate different non-linear relations. The illustrated
lines illustrate monotonic functions for the relation. The
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application of a monotonic function is particularly suitable
when selecting music beat rate from heartbeat rate.
Based on breathing pattern, a suitable model out of sev-
eral non-linear models relating music to heartbeat rate,
can be selected. This can further enhance an exercising
aid.

[0022] The methods according to the presentinvention
are suitable for implementation with aid of processing
means, such as computers and/or processors. There-
fore, there is provided computer programs, comprising
instructions arranged to cause the processing means,
processor, or computer to perform the steps of any of the
methods according to any of the embodiments described
with reference to Fig. 2, in the apparatus. The computer
programs preferably comprises program code which is
stored on a computer readable medium 500, as illustrat-
ed in Fig. 5, which can be loaded and executed by a
processing means, processor, or computer 502 to cause
it to perform the methods, respectively, according to em-
bodiments of the present invention, preferably as any of
the embodiments described with reference to Fig. 2. The
computer 502, which can be present in the apparatus as
illustrated in Fig. 1, and computer program product 500
can be arranged to execute the program code sequen-
tially where actions of the any of the methods are per-
formed stepwise, or be performed on a real-time basis,
where actions are taken upon need and availability of
needed input data. The processing means, processor,
or computer 502 is preferably what normally is referred
to as an embedded system. Thus, the depicted computer
readable medium 500 and computer 502 in Fig. 5 should
be construed to be forillustrative purposes only to provide
understanding of the principle, and not to be construed
as any direct illustration of the elements.

Claims
1. An apparatus (100) comprising:

a music selection means (115);

a media player element (109) arranged to pro-
vide audio content controlled by the music se-
lection means (115);

a speaker (104) suitable to be applied at a user’s
ear and enabled to be supplied with an audio
signal based on the audio content for rendering;
a microphone (106) arranged in vicinity of the
speaker (104), wherein the speaker (104) and
the microphone (106) form an earphone (102);
a signal processor (114), wherein the signal
processor (114) comprises a subtractor (110) to
provide a physiological sound signal, and the
signal processor (114) is further arranged to de-
tect a physiological measurement from the
physiological sound signal by a physiological
sound detector, wherein the physiological sound
detector provides the physiological measure-
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ment to the music selection means (115) for con-
trolling the music selection; characterized in
that

the apparatus further comprises an amplifier
(108), wherein the audio signal is provided by
the amplifier (108); and

the microphone (106) is configured to acquire a
sound signal from sounds present in the ear of
the user;

wherein the substractor (110) of the signal processor
(114) is arranged to subtract the audio signal from
the sound signal to provide the physiological sound
signal.

The apparatus (100) according to claim 1, further
comprising a filter (111a, 111b, 111 C) arranged to
filter the sound signal, the audio signal to be sub-
tracted or the physiological sound signal.

The apparatus (100) according to claim 1 or 2,
wherein the physiological measurement (112) com-
prises a breathing pattern;

wherein the signal processor (114) is arranged to
determine a breathing rate from the breathing pat-
tern; and

wherein the music is selected based on the music’s
beat rate such that the music’s beat rate is a monot-
onic function of the breathing rate or such that the
music’s beat rate is a function of the breathing rate
wherein the music’s beat rate is increased until a
predetermined breathing rate is reached.

The apparatus (100) according to claim 3, compris-
ing a heart rate estimator arranged to estimate heart
rate from the breathing pattern.

The apparatus (100) according to any one of claims
1to 4, wherein the physiological measurement (112)
comprises a heartbeat and the signal processor is
arranged to determine a heartbeat rate from the
heartbeat.

The apparatus (100) according to claim 5, wherein
music of the audio signal is selected based on the
music’s beat rate such that the music’s beat rate is
a monotonic function of the heartbeat rate or such
that the music’s beat rate is a function of the heart-
beat rate wherein the music’s beat rate is increased
until a predetermined heartbeat rate is reached.

The apparatus (100) according to any one of claims
4106, wherein the signal processor (114) is arranged
to extractthe heartbeat by low pass filtering the phys-
iological sound signal in a low pass filter to provide
a heartbeat signal, wherein the low pass filter has a
cut-off frequency between 3 and 10 Hz, preferably
between 3 and 5 Hz, preferably 4 Hz.
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8.

10.

1.

12.

13.

The apparatus (100) according to any one of claims
4 to 7, further comprising a second speaker suitable
to be provided at the user’s other ear, wherein an
audio signal provided to the second speaker com-
prises a sub-signal such that the sound signal com-
prises a signal component emanating from sound
provided at the user’s other ear and which sound is
modulatedly attenuated by pulsating blood of veins
of the user when the sound propagated through the
head of the user, and such that the heartbeat is ex-
tractable from the signal component.

The apparatus (100) according to claim 4 and claim
5, wherein the apparatus (100) is further arranged
to provide a comparison between the estimated
heart rate and the determined heart rate.

A method comprising:

selecting music;

providing audio content based on the music se-
lection;

supplying an audio signal based on the provided
audio content to a speaker (104) suitable to be
applied at a user’s ear for rendering the audio
signal in the user’s ear;

acquiring (202) a sound signal by a microphone
(106) arranged in the vicinity of the speaker
(104) to provide a physiological sound signal;
and

detecting a physiological measurement (112;
206) from the physiological sound signal, where-
inthe physiological measurementis used to con-
trol the music selection;

characterized in that

the sound signal is acquired by the microphone
(106) from sounds present in the ear of the user;
and

the physiological sound signal is provided by
subtracting the audio signal from the sound sig-
nal.

The method according to claim 10, further compris-
ing filtering (203) the sound signal, the audio signal
to be subtracted or the physiological sound signal.

The method according to claim 10 or 11, wherein the
physiological measurement (112; 206) comprises a
breathing pattern, and the controlling of music se-
lection is based on the breathing pattern, wherein
the music is selected based on the music’s beat rate
such that the music’s beat rate is a monotonic func-
tion of a breathing rate determined from the breath-
ing pattern or such that the music’s beat rate is in-
creased until a predetermined breathing rate is
reached.

The method according to claim 12, further compris-
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ing extracting a heartbeat by low pass filtering the
physiological sound signal in a low pass filter to pro-
vide a heartbeat signal.

The method according to claim 12, wherein the phys-
iological measurement comprises a heartbeat, and
the method further comprises

providing an audio signal which comprises a sub-
signal to a second speaker suitable to be applied at
the user’s other ear, such that the sound signal com-
prises a signal component emanating from sound
provided at the user’s other ear and which sound is
modulatedly attenuated by pulsating blood of veins
of the user when the sound propagates through the
head of the user; and

detecting the heartbeat from the signal component.

The method according to claim 14, further compris-
ing low pass filtering the physiological sound signal
in a low pass filter to provide the signal component
signal, wherein the low pass filter has a cut-off fre-
quency between 3 and 10 Hz, preferably between 3
and 5 Hz, preferably 4 Hz.

Patentanspriiche

1.

Vorrichtung (100), umfassend:

ein Musikauswahlmittel (115);

ein Mediaplayerelement (109), das angeordnet
ist, einen Audioinhalt bereitzustellen, der durch
das MusikauswahImittel (115) gesteuert wird;
einen Lautsprecher (104), der geeignet ist, an
einem Ohr eines Benutzers angewendetzu wer-
den, und in der Lage ist, mit einem Audiosignal
basierend auf dem Audioinhalt zur Wiedergabe
versorgt zu werden;

ein Mikrofon (106), das in der Nahe des Laut-
sprechers (104) angeordnet ist, wobei der Laut-
sprecher (104) und das Mikrofon (106) einen
Ohrhérer (102) bilden;

einen Signalprozessor (114), wobei der Signal-
prozessor (114) einen Subtrahierer (110) um-
fasst, um ein physiologisches Tonsignal bereit-
zustellen, und der Signalprozessor (114) weiter-
hin angeordnet ist, eine physiologische Mes-
sung aus dem physiologischen Tonsignal durch
einen physiologischen Tondetektor zu erfassen,
wobei der physiologische Tondetektor die phy-
siologische Messung dem MusikauswahImittel
(115) zur Steuerung der Musikauswahl bereit-
stellt;

dadurch gekennzeichnet, dass

die Vorrichtung weiterhin einen Verstéarker (108)
umfasst, wobei das Audiosignal durch den Ver-
starker (108) bereitgestellt wird; und

das Mikrofon (106) ausgestaltet ist, ein Tonsig-
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nal aus Tonen zu erfassen, die im Ohr des Be-
nutzers vorhanden sind;

wobei der Subtrahierer (110) des Signalspro-
zessors (114) angeordnet ist, das Audiosignal
vom Tonsignal zu subtrahieren, um das physi-
ologische Tonsignal bereitzustellen.

Vorrichtung (100) nach Anspruch 1, weiterhin um-
fassend einen Filter (111a, 111b, 111C), der ange-
ordnet ist, das Tonsignal, das zu subtrahierende Au-
diosignal oder das physiologische Tonsignal zu fil-
tern.

Vorrichtung (100) nach Anspruch 1 oder 2,

wobei die physiologische Messung (112) ein Atem-
muster umfasst;

wobei der Signalprozessor (114) angeordnet ist, ei-
ne Atemfrequenz aus dem Atemmuster zu bestim-
men; und

wobei die Musik basierend auf der Schlagfrequenz
der Musik so ausgewahlt wird, dass die Schlagfre-
quenz der Musik eine monotone Funktion der Atem-
frequenz ist oder die Schlagfrequenz der Musik eine
Funktion der Atemfrequenz ist, wobei die Schlagfre-
quenz der Musik gesteigert wird, bis eine vorbe-
stimmte Atemfrequenz erreicht wird.

Vorrichtung (100) nach Anspruch 3, umfassend ei-
nen Herzfrequenzschatzer, der angeordnet ist, eine
Herzfrequenz aus dem Atemmuster abzuschatzen.

Vorrichtung (100) nach einem der Anspriiche 1-4,
wobei die physiologische Messung (112) einen
Herzschlag umfasst und der Signalprozessor ange-
ordnet ist, eine Herzschlagfrequenz aus dem Herz-
schlag zu bestimmen.

Vorrichtung (100) nach Anspruch 5, wobei Musik des
Audiosignals basierend auf der Schlagfrequenz der
Musik so ausgewahlt wird, dass die Schlagfrequenz
der Musik eine monotone Funktion der Herzschlag-
frequenz ist oder die Schlagfrequenz der Musik eine
Funktion der Herzschlagfrequenz ist, wobei die
Schlagfrequenz der Musik gesteigert wird, bis eine
vorbestimmte Herzschlagfrequenz erreicht wird.

Vorrichtung (100) nach einem der Anspriiche 4-6,
wobei der Signalprozessor (114) angeordnetist, den
Herzschlag durch Tiefpassfiltern des physiologi-
schen Tonsignals in einem Tiefpassfilter zu extra-
hieren, um ein Herzschlagsignal bereitzustellen, wo-
bei der Tiefpassfilter eine Abschneidefrequenz zwi-
schen 3 und 10 Hz, vorzugsweise zwischen 3 und 5
Hz, vorzugsweise 4 Hz, hat.

Vorrichtung (100) nach einem der Anspriiche 4-7,
weiterhin umfassend einen zweiten Lautsprecher,
der geeignetist, am anderen Ohr des Benutzers be-
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reitgestellt zu werden, wobei ein Audiosignal, das
dem zweiten Lautsprecher bereitgestellt wird, ein
Untersignal umfasst, so dass das Tonsignal eine Si-
gnalkomponente umfasst, die aus einem Ton her-
vorgeht, der an dem anderen Ohr des Benutzers be-
reitgestellt wird, und wobei der Ton durch pulsieren-
des Blut von Venen des Benutzers modulierend ge-
dampft wird, wenn der Ton sich durch den Kopf des
Benutzers ausbreitet, und so dass der Herzschlag
aus der Signalkomponente gewonnen werden kann.

Vorrichtung (100) nach Anspruch 4 und Anspruch 5,
wobei die Vorrichtung (100) weiterhin angeordnet
ist, einen Vergleich zwischen der geschatzten Herz-
frequenz und der bestimmten Herzfrequenz bereit-
zustellen.

Verfahren, umfassend:

Auswahlen von Musik;

Bereitstellen eines Audioinhalts basierend auf
der Musikauswahl;

Zufuihren eines Audiosignals basierend auf dem
bereitgestellten Audioinhalt zu einem Lautspre-
cher (104), der geeignet ist, an einem Ohr des
Benutzers angewendet zu werden, um das Au-
diosignal im Ohr des Benutzers wiederzugeben;
Erfassen (202) eines Tonsignals durch ein Mi-
krofon (106), das in der Nahe des Lautsprechers
(104) angeordnet ist, um ein physiologisches
Tonsignal bereitzustellen; und

Erfassen einer physiologischen Messung (112;
206) aus dem physiologischen Tonsignal, wobei
die physiologische Messung benutzt wird, um
die Musikauswahl zu steuern;

dadurch gekennzeichnet, dass

das Tonsignal durch das Mikrofon (106) aus T6-
nen erfasst wird, die im Ohr des Benutzers vor-
handen sind; und

das physiologische Tonsignal durch Subtraktion
des Audiosignals vom Tonsignal bereitgestellt
wird.

Verfahren nach Anspruch 10, weiterhin umfassend
Filtern (203) des Tonsignals, des zu subtrahieren-
den Audiosignals oder des physiologischen Tonsig-
nals.

Verfahren nach Anspruch 10 oder 11, wobei die phy-
siologische Messung (112; 206) ein Atemmuster
umfasstund das Steuern der Musikauswahl auf dem
Atemmuster basiert, wobei die Musik basierend auf
der Schlagfrequenz der Musik so ausgewahlt wird,
dass die Schlagfrequenz der Musik eine monotone
Funktion einer Atemfrequenz ist, die aus dem Atem-
muster bestimmt wird, oder die Schlagfrequenz der
Musik gesteigert wird, bis eine vorbestimmte Atem-
frequenz erreicht wird.
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13.

14.

15.

Verfahren nach Anspruch 12, weiterhin umfassend
Gewinnen eines Herzschlags durch Tiefpassfiltern
des physiologischen Tonsignals in einem Tiefpass-
filter, um ein Herzschlagsignal bereitzustellen.

Verfahren nach Anspruch 12, wobei die physiologi-
sche Messung einen Herzschlag umfasst, und wobei
das Verfahren weiterhin umfasst

Bereitstellen eines Audiosignals, das ein Untersignal
umfasst, an einen zweiten Lautsprecher, der geeig-
net ist, am anderen Ohr des Benutzers angewendet
zu werden, so dass das Tonsignal eine Signalkom-
ponente umfasst, die aus einem Ton hervorgeht, der
an dem anderen Ohr des Benutzers bereitgestellt
wird und wobei der Ton durch pulsierendes Blut der
Venen des Benutzers modulierend gedampft wird,
wenn der Ton sich durch den Kopf des Benutzers
ausbreitet; und

Erfassen des Herzschlags aus der Signalkompo-
nente.

Verfahren nach Anspruch 14, weiterhin umfassend
Tiefpassfiltern des physiologischen Tonsignals in ei-
nem Tiefpassfilter, um das Signalkomponentensig-
nal bereitzustellen, wobei der Tiefpassfilter eine Ab-
schneidefrequenz zwischen 3 und 10 Hz, vorzugs-
weise zwischen 3 und 5 Hz, vorzugsweise 4 Hz, hat.

Revendications

1.

Appareil (100), comprenant :

des moyens de sélection de musique (115) ;
un élément de lecteur de media (109) configuré
de fagon a délivrer un contenu audio commandé
par les moyens de sélection de musique (115) ;
un haut-parleur (104) approprié pour étre appli-
qué sur loreille d’'un utilisateur et pouvant se
voir délivrer un signal audio en fonction du con-
tenu audio pour le rendu ;

un microphone (106) disposé au voisinage du
haut-parleur (104), le haut-parleur (104) et le mi-
crophone (106) formant un écouteur (102) ;

un processeur de signal (114), le processeur de
signal (114) comprenant un soustracteur (110)
de fagon a délivrer un signal de son physiologi-
que, et le processeur de signal (114) étant de
plus configuré de fagon a détecter une mesure
physiologique a partir du signal de son physio-
logique a l'aide d’un détecteur de son physiolo-
gique, le détecteur de son physiologique déli-
vrant la mesure physiologique aux moyens de
sélection de musique (115) pour commander la
sélection de musique ;

caractérisé en ce que :

I'appareil comprend de plus un amplifica-
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teur (108), le signal audio étant délivré par
I'amplificateur (108) ; et

le microphone (106) est configuré de fagon
a acquérir un signal sonore a partir de sons
présents dans l'oreille de I'utilisateur ;

dans lequel le soustracteur (110) du processeur
de signal (114) est configuré de fagon a sous-
traire le signal audio a partir du signal sonore de
facon a délivrer le signal de son physiologique.

Appareil (100) selon la revendication 1, comprenant
de plus un filtre (111a, 111b, 111C) configuré de
fagon afiltrer le signal sonore, le signal audio devant
étre soustrait ou le signal de son physiologique.

Appareil (100) selon la revendication 1 ou 2,

dans lequel la mesure physiologique (112) com-
prend un motif de respiration ;

dans lequel le processeur de signal (114) est confi-
guré de fagon a déterminer un rythme respiratoire a
partir du motif de respiration ; et

dans lequel la musique est sélectionnée en fonction
du rythme de battement de la musique, de telle sorte
que le rythme de battement de la musique soit une
fonction monotone du rythme respiratoire, oude telle
sorte que le rythme de battement de la musique soit
une fonction du rythme respiratoire dans laquelle le
rythme de battement de la musique est augmenté
jusqu’'a ce qu’un rythme respiratoire prédéterminé
soit atteint.

Appareil (100) selon la revendication 3, comprenant
un estimateur de rythme cardiaque configuré de fa-
con a estimer un rythme cardiaque a partir du motif
de respiration.

Appareil (100) selon 'une quelconque des revendi-
cations 1 a 4, dans lequel la mesure physiologique
(112) comprend un battement cardiaque, et le pro-
cesseur de signal est configuré de fagon a détermi-
ner un rythme de battement cardiaque a partir du
battement cardiaque.

Appareil (100) selon la revendication 5, dans lequel
une musique du signal audio est sélectionnée en
fonction du rythme de battement de la musique, de
telle sorte que le rythme de battement de la musique
soit une fonction monotone du rythme de battement
cardiaque, ou de telle sorte que le rythme de batte-
ment de la musique soit une fonction du rythme de
battement cardiaque dans laquelle le rythme de bat-
tement de la musique est augmenté jusqu’a ce qu'un
rythme de battement cardiaque prédéterminé soit at-
teint.

Appareil (100) selon 'une quelconque des revendi-
cations 4 a 6, dans lequel le processeur de signal
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(114) est configuré de fagon a extraire le battement
cardiaque par un filtrage passe-bas du signal de son
physiologique dans un filire passe-bas de fagon a
délivrer un signal de battement cardiaque, dans le-
quel le filtre passe-bas a une fréquence de coupure
comprise entre 3 et 10 Hz, de préférence entre 3 et
5 Hz, de préférence de 4Hz.

Appareil (100) selon I'une quelconque des revendi-
cations 4 a7, comprenant de plus un deuxiéme haut-
parleur susceptible d’étre disposé sur l'autre oreille
de l'utilisateur, dans lequel un signal audio délivré
au deuxiéme haut-parleur comprend un sous-signal,
de telle sorte que le signal sonore comprenne une
composante de signal émanant d’'un son délivré a
I’autre oreille de I'utilisateur, ce son étant atténué de
fagon modulée par le sang pulsant des veines de
I'utilisateur lorsque le son est propagé a travers la
téte de I'utilisateur, et de telle sorte que le battement
cardiaque puisse étre extrait a partir de la compo-
sante de signal.

Appareil (100) selon la revendication 4 et la reven-
dication 5, dans lequel I'appareil (100) est de plus
configuré de fagon a délivrer une comparaison entre
le rythme cardiaque estimé et le rythme cardiaque
déterminé.

10. Procédé, comprenant :

la sélection d’'une musique ;

la délivrance d’'un contenu audio en fonction de
la sélection de musique ;

la délivrance d’un signal audio en fonction du
contenu audio délivré a un haut-parleur (404)
approprié pour étre appliqué surl’oreille d’'un uti-
lisateur pour rendre le signal audio dans I'oreille
de l'utilisateur ;

I'acquisition (202) d’un signal sonore par un mi-
crophone (106) disposé au voisinage du haut-
parleur (104) de fagcon a délivrer un signal de
son physiologique ; et

la détection d’'une mesure physiologique (112 ;
206) a partir du signal de son physiologique, la
mesure physiologique étant utilisée pour com-
mander la sélection de musique ;

caractérisé en ce que :

le signal sonore est acquis par le micropho-
ne (106) a partir de sons présents dans
I'oreille de l'utilisateur ; et

le signal de son physiologique est délivré
par la soustraction du signal audio a partir
du signal sonore.

11. Procédé selon la revendication 10, comprenant de

plus le filtrage (203) du signal sonore, du signal audio
devant étre soustrait ou du signal de son physiolo-
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13.

14.

15.

15 EP 2 358 264 B1

gique.

Procédé selon larevendication 10 ou 11, danslequel
la mesure physiologique (112 ; 206) comprend un
motif de respiration, et la commande de la sélection
de musique est fonction du motif de respiration, la
musique étant sélectionnée en fonction du rythme
de battement de la musique, de telle sorte que le
rythme de battement de la musique soit une fonction
monotone d’'un rythme respiratoire déterminé a partir
dumotifderespiration, ou de telle sorte que le rythme
de battement de la musique soit augmenté jusqu’a
ce qu’'un rythme respiratoire prédéterminé soit at-
teint.

Procédé selon la revendication 12, comprenant de
plus I'extraction d’un battement cardiaque par le fil-
trage passe-bas du signal de son physiologique
dans unfiltre passe-bas de fagon a délivrer un signal
de battement cardiaque.

Procédé selon la revendication 12, dans lequel la
mesure physiologique comprend un battement car-
diaque, et le procédé comprend de plus :

la délivrance d’un signal audio qui comprend un
sous-signal a un deuxiéme haut-parleur appro-
prié pour étre appliqué sur l'autre oreille de I'uti-
lisateur, de telle sorte que le signal sonore com-
prenne une composante de signal émanantd’'un
son délivré sur I'autre oreille de I'utilisateur, ce
son étant atténué de fagon modulée par le sang
pulsant des veines de I'utilisateur lorsque le son
se propage a travers la téte de l'utilisateur ; et
la détection du battement cardiaque a partir de
la composante de signal.

Procédé selon la revendication 14, comprenant de
plus un filtrage passe-bas du signal de son physio-
logique dans un filire passe-bas de fagon a délivrer
le signal de composante de signal, dans lequel le
filtre passe-bas a une fréquence de coupure com-
prise entre 3 et 10 Hz, de préférence entre 3 et 5 Hz,
de préférence de 4 Hz.
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