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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to measuring and
analyzing movements of human or animal limbs and/or
tissues using the emanated sound signals as an analysis
tool.

BACKGROUND

[0002] The movements of limbs, tissues and organs in
medicine, physiological research, sleep research, ergo-
nomics measurements for occupational physiology, etc
may be measured using several methods. The most fre-
quently used methods include strain, force and acceler-
ation gauges, measurement of the electrical activity pro-
duced by the tissues (e.g. muscle electrical activity =
electromyography = EMG) or measurement of changes
in tissue movements or in properties of some materials
affected by movements of the tissues (e.g. airflow caused
by respiratory movements, changes in flow rate or tem-
perature of the airflow). The measurement equipment is
either fixed to the patient (e.g. strain gauge for changes
in shape of the tissue) or he may be lying on a
plate-shaped movement sensor ('sleep research mat-
tress’).

[0003] The measurements of movements caused by
e.g. limbs or breathing (respiratory movements) are re-
quired in diagnostic studies and in the research of sleep
disorders. Abnormal movement patterns (e.g. rest-
less-legs syndrome, periodic movements of legs, see al-
so the paragraph below) and pauses or lack of move-
ments (e.g. pauses or irregularities of movements in oth-
erwise regular breathing movements, i.e. apneas) are
especially important for the diagnosis of sleep disorders.
Concerning both adults and children, the number and
distribution of movements are analyzed for the follow-
ups of insomnia, poor/restless sleep, and daytime activ-
ity, for example.

[0004] One of the most common organic sleep distur-
bances is the 'restless legs -syndrome’ (RLS) associated
with repetitive periodic movements of legs and feet.
Some patients know that they move their legs but other
patients are not aware of it. If medical treatment is to be
started the diagnosis of the disorder in question should
be completed first. The diagnosis of the syndrome is de-
termined utilizing a sleep recording called polysomnog-
raphy. In this recording breathing and leg movements
are typically studied using muscle electric activity pattern
(EMG) with the measuring electrodes positioned on the
legs (skin) during the sleep. The EMG signal is amplified
and stored in the measurement equipment. The pauses
in breathing, i.e. respiration, during sleep (~sleep ap-
neas) are another important application of sleep record-
ings. The respiratory movements are followed by e.g.
strain gauges in addition to the simultaneous measure-
ment of amount and fluctuation of airflow using pressure
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and temperature sensors. The movements of the limbs
may be followed also in the daytime using e.g. an accel-
eration sensor called actography, resembling a watch
attached to the wrist of the subject. The distribution of
movements is used to evaluate the periods when the
subject was active or stationary/not moving and espe-
cially when he was laying and sleeping, which typically
occurs during the night. The aforementioned phenomena
should be measured with as little disturbance to the sub-
ject’s sleep and sleeping position as possible. Maximally
small and light measurement devices, sensors and sys-
tems are best suited to this task including the possible
utilization in performing home recordings.

[0005] Disadvantageously the present recording de-
vices have to be activated and partly fixed to the subject,
e.g. a patient, by specially trained personnel in a hospital
research unit using special straps, ergonomic tapes and
glue-like paste. In some limited measurements the sub-
ject may take the devices and sensors home for the over-
night study and return themimmediately in the next morn-
ing to the hospital/unit where the measurement is com-
pleted by printing out the results from the devices. This
laborious procedure always bears a risk of failure caused
by some, even in principle somewhat minimal, external
disturbances. Typically a plurality of measurement de-
vices, in size of more than 10 x 10 x 2 cm, are required
with even more than ten measurement sensors, in size
of 1 x 1 x 1 cm, and the connecting electric wires. An
electronic contact to the subject is frequently required
setting additional requirements for the power supply and
electronic safety. Therefore nowadays the measure-
ments may often be possible only for a hospitalized pa-
tient sleeping in an "unfamiliar" environment, which also
significantly increases the costs of the measurements.
[0006] The long duration of the recordings is an addi-
tional problem to overcome in achieving a successful re-
sult. One of the commonly used measurements (Sus-
tained Immobility Test, SIT) takes one hour and all-night
recordings with the subject lying on his bed take between
6 and 12 hours. The relatively long duration of the re-
cordings makes all the aforesaid problems of the pres-
ently used methods even more complicated. The storage
and analysis of the huge amount of signals and data from
thelong-termor overnight measurementsis ademanding
task. After completing the measurements and starting
the required treatments, the effect of medication is de-
termined using repeated measurements that are espe-
cially required in the long-term use and follow-up of treat-
ments. The repeated measurements multiply the prob-
lems listed above.

[0007] One example of a prior art solution is disclosed
in publication US2003/0236474 setting forth an arrange-
ment for monitoring movements of a patient via various
sensors in order to detect seizure conditions during pe-
riods of sleep, for example. A detector assembly com-
prising both a conditioning circuit for filtering/amplifying
the input measurement signal from the sensing devices
and a peak detectors circuit for low-pass filtering the sig-
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nal and periodically detecting peaks therein is presented.
The peak voltages are conveyed via an A/D converter
into a microcontroller that then determinates the nature
of the related movements on the basis thereof. The peak
signals are, first of all, compared with threshold values
in order to detect the patient's movement; the detected
movements (e.g. seizure intervals) are recorded in anon-
volatile memory for a period of time. The sensing devices
may include among a number of options a sound detector
that is optionally attached to a blanket, a quilt etc made
of special material to amplify the movement-originated
noise and thus ease the detection thereof. DE 20 2005
000 172 U1 discloses a dictaphone according to the pre-
amble of claim 6.

[0008] Prior art solutions, in addition to the complexity
of the arrangements, also commonly concentrate on the
threshold-based analysis of the measurement signals as
a result of which only detection pulses/periods compris-
ing activity as determined by the threshold-criteria set
are stored for further processing/analysis. Such ap-
proach requires using tailor-made, sophisticated, expen-
sive, and well-calibrated (even case-specifically) meas-
urement equipment to avoid conducting similarly awk-
ward re-measurements due to bad calibration, for exam-
ple.

[0009] Further, the diagnostics and treatment of sleep
disorders is laborious, expensive and difficult. Some
more practical measurement methods are being devel-
oped but all the present equipment in routine use costs
several thousands of euros per piece.

[0010] The need for measurements is universal. The
most common organic sleep disorders are snoring,
breathing pauses during sleep (sleep apnea) and rest-
less legs syndrome with periodic leg movements during
sleep. The frequency of these disorders is between 5 and
10 per cent of the adult population and even higher
among the elderly. All patients with such disorders cannot
be examined in the hospitals or research units, and a
screening possibility is required too. The screeningis per-
formed exploiting the symptoms detected by the patient.
The abnormalities during sleep are, however, quite diffi-
cult to recognize unless e.g. some other member of the
patient’s family has not detected the symptoms. The pa-
tients themselves may not be aware that they have a
disorder with a potentially curable treatment. There for-
tunately still are several treatments available: treatment
of sleep breathing problems like apneas with snoring op-
erations, ventilation assisting devices and weight lose,
treatment of insomnia with sleeping pills, and especially
new drugs for restless legs syndrome. Nevertheless, for
the restless legs syndrome there is a particularly great
demand for new methods suitable for the diagnosis and
follow-up of the effects of the treatment.

SUMMARY OF THE INVENTION

[0011] The objective of the current invention is to alle-
viate various aforementioned problems related to the uti-
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lization of prior art methods in conducting movement
measurements.

[0012] The objective is achieved with a sound-based
solution according to the appended claims in which a
contemporary or further cultivated electronic consumer
apparatus capable of recording sound data such as a
dictating machine, a sound/music (e.g. MP3) (player/)
recorder, a mobile terminal, or a PDA (personal digital
assistant) is utilized in conducting continuous audio re-
cordings of movement-originated sounds of the subject.
The recordings may be used in the study and research
of the medical condition associated with the movements
via utilization of a special analysis software. The analysis
of the recorded audio signal may be based on both pres-
ence and lack of sounds therein as to be described here-
inafter in more detail.

[0013] Accordingly, in one aspect of the current inven-
tion a portable, electronic consumer apparatus capable
of sound recording is used in conducting sound-based
measurements of sleep related physiological phenome-
na or abnormal phenomena related to sleep disorders,
wherein said apparatus is positioned within a predeter-
mined distance of a subject, said subject being a human
or an animal, and configured to continuously record, over
the measurement period, a digital sound signal obtained
utilizing atleast one microphone so as to capture sounds
associated with the movements of the subject as cited in
the characterizing portion of claim 12.

[0014] In this text a microphone is generally used to
refertoatransducerthatconverts changesin airpressure
into an electrical signal. In the context of the current in-
vention the electric signal is further digitalized either di-
rectly in the microphone entity or by a subsequent com-
ponent residing in the signal path.

[0015] Asthe aforesaid apparatus such as a digital dic-
tating machine, a mobile terminal, a PDA, or a music
(player/)recorder continuously records the ambient
sounds with a predetermined or adaptive sampling rate
(indeed, although the recording is made continuously,
the sampling rate or other memory consumption-affect-
ing parameters such as coding parameters may be adap-
tive based on the analysis of input sound; e.g. low am-
plitude periods may be stored with reduced resolution
and bit-rate), the stored sound signal contains not only
the periods of activity thus indicating the presence of (leg)
movements, snoring, or breathing but also the periods
without substantial activity (e.g. breathing pauses, ~ap-
neas), which both are important for conducting a through-
out analysis of the subject’s situation. Preferably the ap-
paratus stores the signal in a format that degrades the
signal as little as possible, e.g. in a’raw’ (uncompressed)
format or in a coded form (e.g. one of the MP3 formats,
preferably >=32kbit/s), possibly supporting a variable en-
coding rate. Only by having the whole recording also with
substantially silent periods available, the scientific anal-
ysis following the measurements may be performed with
increased accuracy. The analysis software then enables
listening to the digitalized sound signal either from the
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beginning to the end or only at the desired positions (e.g.
by point-and-click type function based on the signal vis-
ualization), optionally with increased playback speed for
accelerating the analysis phase.

[0016] One embodiment also concerns a computer
program for analyzing the audio signal obtained by the
aforesaid measurement method, said program compris-
ing code means adapted, when run on a computer, to
execute the steps of:

- receiving and optionally decoding the audio signal,

- detecting the periods of movements or pauses, ir-
regularities or lack of movements in regular move-
ment patterns of the subject in the audio signal from
the background activity according to preferably
adaptive criteria,

- conducting statistical or mathematical analysis of the
detected movements and/or pauses between the de-
tected movements, said analysis comprising deter-
mination of a number of attributes including at least
one attribute selected from the group consisting of:
number, shape, amplitude, distribution, duration,
and frequency of the detected movements and/or
pauses, and

- rendering the signal, a part thereof, or at least one
analysis result for visualization on adisplay to enable
further analysis and visual investigation of the med-
ical condition of the subject by trained personnel op-
erating the computer.

[0017] The above analysis application is executed e.g.
in a research unit that has agreed to study the situation
of the subject. The research unit may be remote from the
location wherein the measurements are conducted pro-
vided thatthe recorded data is transmitted either digitally,
e.g. over a communications network, or via standard mail
(e.g. a memory card enclosed in a preferably padded
envelope) thereto.

[0018] According to another aspect of the current in-
vention, a method for conducting sound-based measure-
ments of sleep-related physiological phenomena or ab-
normal phenomena related to sleep disorders, wherein
the subject of the measurements is either a human or an
animal, is characterized by what is stated in the charac-
terizing portion of appended claim 1.

[0019] In the above, the at least one microphone is
either integrally formed with the apparatus or at least
functionally (e.g. wirelessly) connected thereto.

[0020] The remote entity may refer to a PC (personal
computer) of the subject wherefrom the data can be
transmitted forward, or the remote entity may directly re-
fer to a serverin the responsible research unit, for exam-
ple, if the apparatus itself includes the necessary com-
munication means for such data transmission. In case
the apparatus bears no actual communication means but
only a removable memory stick/card, the memory stick/
card comprising the recorded sound signal can be sent
as such to the remote entity.
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[0021] The measurement period has been preferably
clearly informed to the subject beforehand so that the
subject may himself control the apparatus to start and
end measurements. Such control may be performed in
real-time via control buttons on the housing of the appa-
ratus, or by automated timing of the initiation and/or ter-
mination of the recording via a timer function (fixed or
user-definable) provided by the software running in the
apparatus. As a more high tech solution, the initiation/
termination of the recording could be remotely controlled
from the research unit provided that there is a commu-
nication path available between the apparatus and the
research unit, which may be implemented over the Inter-
net, for example.

[0022] In a further aspect of the current invention, a
portable electronic arrangement for conducting
sound-based measurements of sleep disorders, wherein
the subject of the measurements is either a human oran
animal, is characterized in that what is stated in the char-
acterizing portion of claim 6.

[0023] The arrangement may be further configured to
transmit the recorded sound signal as such orin encoded
form to a remote entity for forwarding and/or analysis.
[0024] In the above solution, said portable electronic
arrangement may comprise a sound recording apparatus
such as a dictating machine, a mobile terminal, a PDA,
or a sound or music recorder such as an MP3 (player/)re-
corder. Either the apparatus housing includes said at
least one microphone or the microphone is a separate
one or at least separable from the apparatus and then
preferably wirelessly connectable to the apparatus via
e.g. Bluetooth, infrared, WLAN, or other feasible connec-
tion. The attaching means may refer to some special
shaping, e.g. a hook, a clasp, an indent, a projection etc
of the apparatus housing, which enables fastening of the
apparatus/microphone directly to the predetermined
measurement location or to a compatible counterpart on
the measurement location. On the other hand, the at-
taching means may include a strap, tape, a stand/mount,
an adhesive surface or an elastic band, which may be
either fixed or at least removably connectable to the ap-
paratus/microphone and the measurement location or a
compatible counterpart positioned on the measurement
location. Further, the attaching means may refer to spe-
cific clothing that includes means for positioning the ap-
paratus and/or the microphone thereof close to the meas-
urement location by means of a pocket, strap, a recess,
etc.

[0025] The arrangement may further comprise a piece
of specific, sound-modifying material as described here-
inafter. The material may be provided as a separate entity
(e.g. a sheet or a garment) to be positioned according to
the instructions, or as integrated (e.g. a coating) or at-
tachable to the recording apparatus itself or some other
object, for example.

[0026] Optionally the arrangement is configured to
transfer at least part of the sound data recorded and
stored during the measurement period to a remote entity
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via a communication means of the recording device. The
communication means may include a data interface com-
patible with USB (Universal Serial Bus), WLAN (Wireless
Local Area Network), infrared communication, Bluetooth,
or some other serial or parallel data transmission inter-
face. However, as long as the device is ready-fitted with
or at least supports in a form of a proper connector a
removable memory stick/card, the memory stick/card
may be provided with the sound data and then delivered
forward as such.

[0027] The memory requirements for storing instruc-
tions and data differ from an embodiment to another. The
memory may be internal/fixed and/or external/removable
(e.g. a memory card or a stick) from the standpoint of the
recording device. Further, the memory may consist of
purely RAM type memory (random access, rewriteable)
ora combination of ROM (read only) and RAM memories.
First of all, the memory (both ROM and RAM) can be
used to accommodate the software application that con-
trols the functionalities of the device, and secondly, the
memory may store the captured sound signal either in a
raw (e.g. linear PCM) or further encoded form. The ap-
plication may be downloadable/transferable from a re-
mote server or device through the communication
means. Alternatively, the application may be provided on
a carrier medium such as a memory card. In case the
recording device is in a substantially real-time fashion
forwarding the sound data it receives and optionally en-
codes, only a smallish intermediate buffer is typically
needed to ensure reliable data transmission to a remote
entity, whereas if the recording device as such is sup-
posed to store the whole recording covering e.g. six hours
data, the memory size must be equally large. For exam-
ple, six hours recording of mono 8-bit 20kHz digital raw
format sound consumes 6*60*60*20 kbytes of memory
~ roughly 430 Megabytes (in this exemplary calculation
the byte length was 8 bits and one megabyte correspond-
ed to 1000”2 bytes). Compressing the captured sound
by parameter representation or e.g. differential coding
may lower the memory requirements, but respectively,
processing capability requirements may shoot up and
the sound quality decrease.

[0028] The user input means, if implemented using
conventional means such as a number of buttons, a key-
pad, a touch screen, a touch pad, etc, is preferably po-
sitioned so that a risk of accidental activation is mini-
mized, especially to prevent unintentional interruption of
the recording phase after start-up (in scenarios where
such interruption is possible or likely). This could cause
the whole measurement to fail, if the subject fidgets
around on his bed while sleeping, which activates 'stop
recording’ key. The subject probably realizes this not until
the morning when he/she wakes up, and probably an-
other full-scale measurement session is then needed as
the undesired but unavoidable result. Placing the ’stop
recording’ functionality under a button or other touch-sen-
sitive area that is positioned in an indent or recess, i.e.
below the surrounding surface level of the device hous-
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ing, can be used to prevent this setback, for example.
Another solution is to use mechanical or software-based
'key lock’ functions that require a certain sequence of
keys or touch-sensitive areas to be depressed/touched
optionally also within a predetermined time interval prior
to activation of the keypad and the rest of the device for
accepting other user-initiated commands. The different
approaches for preventing the accidental activation/de-
activation of functions in the device may be combined
together.

[0029] Still in a further aspect of the current invention,
an object comprising predetermined sound-modifying
material is used in measuring sleep-related physiological
phenomena or sleep disorders of a subject, said subject
being a human or an animal, characterized by what is
stated in characterizing portion of claim 13 or 15.
[0030] One benefit of controlling the spectral content
of the captured sound signal is that the properties/defi-
ciencies of the recording apparatus (frequency range lim-
itations, sensitivity limitations, disturbances) can be over-
come by altering the spectral content of the sound so as
to fall on the preferred range at the apparatus. Optionally
even a plurality of objects may be used, e.g. a different
one for each foot/subject, to enhance the separability be-
tween the sound sources (e.g. a limb or even a subject)
in the recorded signal instead of or in addition to using
multiple microphones or multiple recording devices, each
having a microphone.

[0031] The expression "continuous recording" means
in the digital context of the invention not necessarily ab-
solutely continuous, i.e. analogue, but as limited by the
utilized ’'sampling rate’ or 'sampling frequency’, although
the used transducer such as a microphone may indeed
receive acoustic vibration continuously.

[0032] The terms "long-term" and "overnight" refer
herein to a time period that extends over (>=) one hour
or falls between 4-12 hours, respectively. Conducting an
overnight recording does not necessarily require per-
forming the measurements during the night-time, al-
though that will probably give, in the described context
of sleep disturbances, the most realistic results.

[0033] The term "predetermined distance" refers to a
distance that is sufficient to capture the sound signal as-
sociated with the subject, i.e. breathing and/or movement
sounds, with a decent separability from other sounds
(e.g. background noise) possibly emanating in the same
environment. Such sufficient distance is thus case-spe-
cific and determined by e.g. the sensitivity and directivity
of the used microphone, body measurements of the sub-
ject, the location and nature of background noise sources
in the measurement environment, and the desired signal-
to-(background) noise ratio of the stored sound signal.
The distance may differ e.g. between substantially im-
mediate contact with the sound source (e.g. the recording
apparatus is attached via a strap to the toe of the subject,
so that the sound emanating from the contact between
the toe and a sheet surface travels only a few millimeters
or centimeters up to the capturing microphone) and tens
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of centimeters (the recording apparatus may be located
in a selected central position like a chest for capturing
sound from multiple sound sources such as the body and
limbs contacts with external material, for example). Ac-
cordingly, the predetermined distance is not constant
from a scenario to another as the sleeping position of
one individual and various other parameters (weight and
measurements of the subject, amplitude of respiratory
and body movements, bed clothes and environment in-
cluding background noises, nature and effect of facilities/
furniture, etc) are not and cannot be kept constant either.
This aspect makes absolute calibration and fixed detec-
tion levels of the prior art solutions disadvantageous. The
adaptive calibration and statistically processed detection
of movements and pauses, lack or irregularities in the
movements using computer analysis of the whole signal
is more reliable, which is the approach adopted in the
current invention. The subject shall be anyhow provided
with atleast generalinstructions based on e.g. exemplary
scenarios to position the microphone within a sufficient
distance prior to conducting the measurement, i.e. within
said predetermined distance.

[0034] The term "movement-originated" or "move-
ment-indicating" refers herein to a sound that results from
the movement of the subject; the movement causes con-
tacts between at least two elements such as the moving
element(s) and some surface or the medium in question.
Thus the movements can be represented and analyzed
via the resulting sounds. In this context the term "sound
source" can thus either be seen as the particular part of
the subject affecting the sound creation by contacting
another entity/medium, or as the combination of that part
and a contact element/medium. Also sounds directly or
indirectly caused by breathing-related movement, e.g.
respiratory movement, are considered as movement-
originated sounds in the context of this invention.
[0035] The utility of the invention arises from a plurality
of issues. First, the described solution is more econom-
ical and easier method e.g. for limited recordings such
as screening of sleep disturbances compared to the pre-
vious methods in the routine use. While the typical prior
art measurement equipment costs about 8000 euros and
the single-use measurement sensors for every measure-
ment cost between 10 to 20 euros, the price of a sound
recorder such as an MP3-type music device or a dictation
machine with recording facilities and a USB connection
to a PC (personal computer), being thus suitable for use
with the current invention, is often only between 30 to
300 euros.

[0036] The present invention can apply the most mo-
dem and highly developed properties of the devices
aimed to the management of sound signals (including
the high-capacity memory circuits, algorithms for data
compression and storage, encoding algorithms, and low
power consumption) in a novel manner. The contempo-
rary rapid development of the aforesaid devices and
equipmentand the related new technical solutions further
increase the utility of the invention.
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[0037] In view of the foregoing the measurement de-
vices according to the invention enable performing reli-
able long-term or overnight recording and storage of au-
dio signals using the small, disposable or rechargeable
batteries without external power supply, additional mem-
ory units or (electrically) connecting wires. The signal and
related other data may be wirelessly (continuous or pe-
riodical transfer) transmitted during the measurement to
the PC using e.g. BlueTooth, infrared (IR), or WLAN tech-
niques. The PC may further forward the information to a
service provider server (maintained by a medical clinic,
for example) either continuously, in a timed manner, or
in response to receiving a command by the user. Data
in the memory of the measurement apparatus equipped
with an USB or some other interface may be transmitted
in some seconds only to the PC (orinto a cell phone/PDA
with compatible data transmission means) that then for-
wards the data, via available wireless or wired data trans-
mission networks, for further detailed analysis at a re-
mote location. Itis also easy to bring/send the small mem-
ory stick/card with a price tag of few tens of euros and
weight of few tens of grams back to the research institute
in charge for analysis. The internal power source of the
measurement device shall preferably last at least for the
duration of the recording, i.e. one or more hours.

[0038] Reverting to the selection of suitable measure-
ment equipment, the development of the microphones
and recording devices in general has made the rapid de-
velopment of new generation dictating machines possi-
ble. Accordingly, technical components required for con-
ducting the measurements according to the invention are
based on rapidly developing consumer electronics hav-
ing good availability. In addition to fully specialized solu-
tions, functionalities of a dictating machine may be in-
cluded in a mobile terminal or a PDA, for example. A
wireless microphone may transmit sound signals into this
kind of device and/or directly from the device comprising/
coupled with the microphone(s) to the PC. The devices
are preferably using wireless data transfer methods like
the ones listed above to transmit data from one device
to another. Even small MP3 gadgets can be supplied with
a recording/dictation function and a detachable, e.g. a
battery driven, memory stick or a memory card with a
weight of few ten grams and with a size of e.g. 10x1x1
cm or even less may digitally store more than ten hours
of sound. This has been enabled by a decrease in the
size of memory circuits and power consumption thereof
and a leap in the algorithms related to signal compres-
sion. The "memory stick"-style or other budget sound re-
corders may be set e.g. in a continuous recording mode,
while their cost is only some tens of euros. Various mem-
ory cards and sticks may be used in conjunction with
mobile terminals and PDA'’s supporting a dictation option.
[0039] Secondly, while the prior art measurements of
sleep disturbances were possible to perform solely in
hospitals, research institutes and health centers with spe-
cial skill and knowledge, the measurements applying the
currentinvention may be performed without the presence
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of expert personnel and direct monitoring of the meas-
urement. For example, a small battery driven measure-
ment and/oramemory device like a microphone, amobile
terminal, a PDA, a dictation machine, or a combination
thereof may be attached to the ankle or toe of a subject
to store and/or transmit the sounds generated by the
movements without disturbing the subject. The gener-
al-use dictation machines and functionally similar appa-
ratuses are cheaper and simpler in construction and use
compared with the tailor-made medical sleep recording
devices. This makes it possible for the subject to perform
the recording by himself locally instead of the hospital
ward and expert personnel. The subject may be instruct-
ed to wear a sock or a shirt supplied with a fully featured
recorder or a microphone connected thereto (wirelessly
or by wire), and to press a 'start recording’ -button in order
to initiate the recording phase. The sounds induced by
the movements are stored without causing any or at least
major additional discomfort to the subject. The measure-
ment is started and completed easily and economically,
and preferably in as noiseless space as possible, in the
subject’s (patient’s) home exploiting him also as the per-
former (initiator, supervisor etc) of the recording. Further
measurements according to the present invention may
be used to follow-up the effects of the started and on-
going treatment in the constant and comfortable home
environment; the effects of the possible drug or other
treatments can be controlled in response to comparing
the gathered measurement results to each other.
[0040] As movements in the context of the current in-
vention almost unavoidably generate also sounds, they
may be recorded and stored provided there is a
sound-sensitive microphone attached near to or directly
to the moving object. This effect can be concretized by
reference to nowadays quite common situations wherein
apowered-up cellular telephone resides in a user’s pock-
et and accidentally takes a call without the user’s inten-
tional initiation. The clothes are then introducing rustling
to the captured microphone signal that "synchronizes" to
the walking. Even during sleep body movements cause
sounds: rustling of bed clothing, sheets, blankets etc.
Various textile or other materials generate different kind
of rustling.

[0041] Similarly different surface materials of micro-
phones have their specific effect on these noises and
sounds that were considered in traditional measure-
ments as erroneous noise signals (artifacts). If the mi-
crophone is attached to a properly selected clothing
which may amplify and temporally and/or spectrally
shape the sound signals associated and produced by the
movements (like rustling or rattling special materials in-
cluded in or connected to the aforementioned sock, trou-
sers, shirt, vest, belt, or textiles like the ones under the
sheet or bed cover of the sleeper, or such material in-
cluded in/fixed to the microphone), the emanating sound
signals may be amplified/spectrally shaped and therefore
also stored more reliably. The spectral shaping may in-
clude transitions into a proper frequency band or widen-
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ing/narrowing the band; if known that, for example, cer-
tain movements often cause (due to e.qg. friction between
normal clothing and normal bedding) relatively low-level
and low-frequency sounds when captured, the used ma-
terials can be reselected/new materials attached thereto
so as to convert or additionally generate sounds that are
easily recordable and analyzable by the recording gear
and optional further analysis equipment. E.g. low fre-
quency sounds (e.g. originally a continuous, sweeping-
like sound) may be converted via the utilization of proper
noise-inducing materials, e.g. irregular surfaces trans-
forming a continuous movement into a noncontinuous
sound, to a higher frequency range, e.g. 300-3400 Hz
employed in many contemporary systems adapted for
speech storage/transfer. As a result, the sounds are not
low-pass filtered prior to or during the A/D conversion in
the digital recording apparatus that may have been ini-
tially designed for some other primary use.

[0042] Upon modifying the volume (intensity) and qual-
ity (e.g. spectral content) of movement-generated sound
signals using textile or other materials with properties
that accentuate and shift preferred frequencies, the re-
cording and storage of the sound signals can be thus
made more reliably. This is achieved by attaching the
recording device like a microphone to a special piece of
clothing (e.g. rustling or rattling special material or coat-
ing already present in a sock, trousers, shirt, belt, or in
the bed textiles of the sleeping subject like in sheet or
blanket), coated with an uneven plastic or metal coating,
metal wire figures, rivets or some other objects to modify
the sound signal when, for example, the legs of the sub-
ject are moving, during respiratory (breathing) move-
ments, or when the subject is otherwise moving. Further,
attachment of the recording device directly to the clothing
is considered as a somewhat natural task from the view-
point of the subject, because no additional bands, tapes
or skin glues are required. As another example, move-
ment of a foot or some other movement of a same kind
may be separated better from the other night-time move-
ments, or the movements and sounds generated by one
person may be separated from the ones by another sub-
ject lying on the same or near-by bed (because both sub-
jects are generating sounds and rustling) by pulling a
special sock with a specially coated material over the foot
of the first subject to be examined to modify the sounds.
As an alternative, a microphone coated with special ma-
terial for modifying the sounds may be attached to the
foot. In that situation the sounds generated by the move-
ments of the foot and the microphone attached to it are
amplified and/or spectrally altered as desired. Instead of
feet and socks, naturally also other materials/clothing
may be utilized in relation to a preferred target location
of the subject’s body.

[0043] Yet, the analysis software developed as one as-
pect of the current invention performs the analysis of the
measurement signal(s) and outputs (e.g. on a display,
via a printer etc) the significant and interesting results
required for e.g. medical analysis (follow-up, diagnosis,
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etc) that are typical for these kind of limited recordings
of sleep disturbances, including the restless legs syn-
drome. The results are assessed as to their possible ab-
normality. Accordingly, appropriate measures such as
starting a suitable treatment of the disorder can be taken.
In particular, this kind of limited screening measurement
facilitates detecting the abnormalities in early phases of
the disorder, which is an important factor of successful
treatment. The follow-up of the treatment may be per-
formed with the measurement method described herein.
[0044] The analysis software of the invention analyzes
the sound signals to detect separate movements, pauses
between the movements, specific movement patterns,
repeated movements etc. The typical parameters meas-
ured and calculated from the recordings with a limited
number of signals are the number of the abnormal phe-
nomena, the number of abnormalities divided by the du-
ration of the recording and the duration of the abnormal-
ities in time units like minutes. The medically most im-
portant and significant parameters are calculated and
looked for to estimate the degree of the abnormality. The
measurement results are visualized e.g. as graphs.
These graphs are calibrated with normal median basic
levels (e.g. in restless legs syndrome the level of the sig-
nal with no leg movements) to obtain a detection level
for the movements. The absolute calibration of the move-
ment-based sound signals is, in practice, impossible be-
cause the subject changes the sleeping position sponta-
neously; the statistically determined detection level is
more adaptive to be used in long-term or overnight re-
cordings. After the analysis of the detected movement
this statistical basic level is used in a graphical output as
the reference level. Thus the graphs visualize when the
measured sound signals and movement signals exceed
the measured normal basic level and further, how often
such occasions are repeated etc. Additionally in the anal-
ysis of the results produced by the proposed arrange-
ment various methods developed earlier for the analysis
in the present field of scientific research may be utilized.
[0045] Further, the effects of therapies and treatments
may be followed up using the aforementioned repeated
measurements in the static home-environment of the
subject and making control studies on the effect of the
medical and other treatments by comparing the iterated
measurement results. This is especially important to the
medical companies in developing new drug therapies.
[0046] The measurement results and statistical analy-
ses may be transmitted almost in real-time even in a glo-
bal sense, optionally in a protected format, exploiting
available data transmission networks to and between
specialists and patients situated in different countries.
The downloads, e.g. updates, of the analysis software of
the invention may be likewise provided by local product
representatives over data networks or even universally
by a single representative only.

[0047] Equally, the charges such as a single user (=pa-
tient, ~subject) license fee for the legitimate use of the
invention or payments from the service providers may be
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accounted universally (in protected format) through the
networked money accounting systems (credit cards, In-
ternet banking services etc).

[0048] Like the need for the measurements described,
the industrial applicability of the invention is universal.
[0049] Inanembodimentofthe invention, the invention
is used for conducting measurements relating to the
study of restless legs syndrome, snoring and/or breathing
pauses. Various add-on features including the utilization
of special materials can be applied to cultivate the solu-
tion as described. Further alternative approaches are
likewise presented.

BRIEF DESCRIPTION OF THE ATTACHED DRAW-
INGS

[0050] In the following, embodiments of the invention
are described with reference to the drawings in which:

Figure 1 schematically represents a system in ac-
cordance with one embodiment of the presentinven-
tion.

Figure 2 discloses a flow diagram of one embodi-
ment according to the method of the invention.
Figure 3A visualizes the applicability of the afore-
mentioned system and relating method as further
supplemented by the use of predetermined,
sound-modifying materials.

Figure 3B visualizes the applicability of the afore-
mentioned system and relating method especially in
the exemplary context of breathing pauses meas-
urements.

Figure 4 depicts the features of an embodiment of
the analysis software used in association with the
current invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0051] Figure 1 disclosesasystemaccordingtoanem-
bodiment of the invention comprising a number of elec-
tronic sound recording devices equipped with internal or
external (wired/wireless) microphone(s). The subject 102
is lying on his bed 104 and one or more small-sized de-
vices 108 capable of sound recording such as dictation
devices or music (MP3, WMA, WAV etc) players with
recording function, or at least microphones communicat-
ing preferably wirelessly therewith, are coupled to the
feet 106 of the subject 102 via straps 110. An exemplary
block diagram of devices’ 108 internals is shown in a
separate zoom-in block, wherein element 112 depicts a
microphone or a comparable sound converting entity
(~transducer) that may also comprise an integrated A/D
converter that outputs the captured audio signal e.g. in
8-48kHz, 8-24bit digital form, for example. The micro-
phone 112 may be an external or a removable one in
which case it may be positioned with some distance from
the rest of the device 108 provided that it contains a wire-
less transmitter to send the captured sound to the device
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108. Further, the device 108 may comprise a plurality of
microphones 112, one or some of which may further be
removable and support remote positioning as explained
above. In case of multiple microphones 112, also multiple
sound signals are captured for storage and forwarding
thus setting higher requirements for necessary memory
and/or data transfer capacity. Alternatively, the signals
from multiple microphones may be combined to a single
signal to gain memory/data transfer capacity savings; si-
multaneously, however, the spatiality aspect provided by
the spatially separated microphones, e.g. a microphone
array, is lost in the analysis phase, and source based
classification of sounds may suffer. Combining may take
place at the device 108, PC 122, or server 126, i.e. an-
ywhere on the transmission path prior to or at the final
storage/analysis location.

[0052] The device 108 further includes a processing
unit 114, e.g. a microprocessor, a microcontroller, a pro-
grammable logic array, a DSP, or a plurality of those con-
nected together. The processing unit 114 takes care of
controlling the device functionalities based on instruc-
tions included in an application stored in a memory 118
of one or more memory chips or cards. Element 116 de-
picts various communication means the device 108 has
for I/O purposes such as a wireless transceiver (WLAN,
infrared, Bluetooth, etc) or a (wired) network interface,
e.g. an Ethernet adapter. Communication means 116 is
not a compulsory element provided that the memory 118
comprises a removable memory stick or card that can be
connected to another apparatus comprising the data
transfer capability over the available communications
network. Alternatively, a removable memory stick/card
may be sent via a traditional post to the research unit in
charge, which however delays the overall procedure ex-
tending from conducting the measurements to obtaining
the analysis results.

[0053] Further, the device 108 includes a user input
means 120 for obtaining control information in a form of
buttons, a touch screen, a touch pad, a keypad, etc. Op-
tionally, the device 108 may support speech recognition
based control as enabled by the presence of the micro-
phone 112 and optional voice recognition software stored
in the memory 118 and running on the processing unit
114. Further optionally, the device 108 may include a
display for visualizing the captured sound signal or pa-
rameters calculated therefrom.

[0054] Via the communication means 116 the device
108 can forward the captured and digitalized audio signal
to the nearby PC 122 or other electronic communication
apparatus providing access to the research unitin charge
over an applicable communications network 124 such as
the Internet or a cellular network like GSM, CDMA, and
UMTS networks with data transfer support. The meas-
urement data may be transmitted in a single message or
split into a plurality of smaller messages, if desired.
[0055] The research unit, which may thus have a data
connection both to wired 124 and wireless networks 128,
comprises the necessary hardware, e.g. a server 126,
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and tailor-made software 130 for performing medical
analysis under the control of trained professionals and
on the basis of the received measurement data.

[0056] In certain cases the above division between
sound recording devices and data transmission devices
may be rather fickle as even the recording device as such
may bear the storage and transmission capability (or
even analysis capability) to first store and then send the
measurement data directly to the research unit. In that
cases the device 108 such as a sophisticated mobile ter-
minal or a PDA may be considered to embed the features
of devices 108 and 122 as visualized. On the other hand,
other elements than depicted in the figure can be addi-
tionally utilized; for example, in the scenario of wireless
microphones, the microphones that are coupled to the
subject’s feet may be configured to (if containing an A/D
converter, with modest buffering though) forward the cap-
tured audio signal substantially in real-time fashion to the
device 108, device 122 or a combination thereof for stor-
age and forwarding. Forwarding data to the research unit
takes then place automatically (timed or right after finish-
ing the measurement) or due to user initiation. It is also
feasible to forward the available measurement data to
the research unit while the measurement is still ongoing
so that the trained personnel may start analysis without
a delay.

[0057] Intherestlesslegs syndrome repeated periodic
movements of the subject’s legs disturb his sleep. Some
persons are conscious that they tend to move their legs
whereas some others do not realize that. If the syndrome
is ought to be treated by the appropriate medical treat-
ment, the accuracy of preliminary and intermediate anal-
yses and ultimately the final diagnosis should be ascer-
tained. Likewise, in case of pauses or lack of movements
(e.g. pauses in breathing movements, called apneas) the
analysis method should be asreliable as possible starting
from the recording of the raw data signal comprising
movement-originated sounds and pauses between. The
method of the invention provides afeasible basis for stud-
ying both the restless legs syndrome and breathing paus-
es, for example.

[0058] Figure 2 discloses a flow diagram according to
an embodiment of the invention. The core of the invention
can be used for measuring and analyzing the movements
in a plurality of slightly varying contexts, which is further
highlighted with reference to figures 3A and 3B.

[0059] The study is typically of a long-term or overnight
nature and the execution starts from an initial phase 202
defining the method start-up including providing the sub-
ject with necessary equipment and instructions by the
unit/institute responsible for the study. As the sound sig-
nals representing the sounds generated by the move-
ments are to be recorded and stored for subsequent anal-
ysis, the applicable gear may include, e.g. in the context
of restless legs measurements, a pair of electronic re-
corders such as dictation machines, each comprising a
microphone and support for digital recording. In the case
of measuring breathing pauses using only one device/
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microphone is equally applicable.

[0060] These devices may include an internal memory
chip, a memory card, and/or a digital memory stick and
an USB connector providing a reasonably small-sized,
fast and reliable data interface that is compatible with a
PC or other preferred destination device used for trans-
ferring measurement signal to the target server at the
institute or other "service provider" premises in more ver-
nacular language. Memory capacity of at least 128-256
MB and an internal, preferably rechargeable and/or re-
placeable battery, which allows a continuous all-night re-
cording without external power cord, are preferred de-
pending on the used sound encoding technology, if any.
The device is advantageously small-sized, e.g. of match-
box size, to avoid physically disturbing the subject: ac-
cordingly, an exemplary weight of a suitable device is
without batteries about 20 grams. The user may already
own at least part of the gear (e.g. a mobile terminal or an
MP3 player/dictation machine) required for conducting
the measurements, in which case he is provided with the
remaining equipment (e.g. straps, clothing, memory
card, software etc) for duly performing the task.

[0061] In addition to the recorders, the following items
may be delivered to the subjects for the study of the rest-
less legs syndrome:

- straps or other attaching means for attaching the de-
vice(s) to the legs (or body/limbs, measurement lo-
cation in general), and

- information required to complete the study (electron-
ic, paper, verbal delivery).

[0062] Respectively, items useful in conducting the
breathing pauses analysis encompass:

- one special type of clothing like a two-layer vest with
means to attach the recording device(s)/micro-
phone(s) thereto, and

- information required for completing the study (elec-
tronic, paper, verbal delivery).

[0063] Next the subject properly situates the devices
and performs other preparatory actions 204 such as
switching the electronic devices into a proper functional
mode etc, whereby for monitoring restless legs he may
especially take the actions to attach the aforementioned
devices into his left foot and right foot using the attaching
straps whereas for breathing pauses analysis e.g. the
vest carrying the recording device shall be dressed up;
the subject will be thus wearing a special piece of cloth
around his chest, e.g. the two-layer vest configured to
elastically adapt to the breathing movements (respiratory
movements) of the subject. The inner layer of the vest
may be made tighter and more elastic than the outer lay-
er, therefore allowing the inner layer to move or stretch
more than the outer layer when the subject is breathing.
In addition the outer surface of the inner layer and the
inner surface of the outer layer are specially coated to
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be uneven or rough. This affects (amplify and/or spec-
trally shape/shift) the sounds of the movements of the
chest to be studied when the rough outer and inner sur-
faces are moving against each other and generating rus-
tles. The recording device is attached onto the chest of
the subject, e.g. into a pocket of the specially build shirt
of a special material, using an attaching loop, strap or
other attaching tool in order to record the sound signals.
[0064] The measurement begins 206 during which the
sounds are generally captured, transformed into repre-
sentative electronic signals and optionally further proc-
essed prior to storage 208. The subject may start the
measurement by himself by pressing the ’start recording’
push button of the device(s) when going to sleep. The
associated devices will record the sounds generated by
the movements of e.g. feet, other limbs, or chest during
the night or a corresponding period either via external or
internal microphones thereof.

[0065] Positioning the microphones or the devices car-
rying the microphones properly certainly has an effect in
the outcome; the microphones are advantageously situ-
ated in the vicinity of the sound sources to be tracked,
which is likewise advantageously far from other potential
sound sources. In home environment the other sound
sources may include e.g. loud clocks, pets, street and
traffic noise emanating through the near-by window, etc.
[0066] One of the devices (microphone unit, storage
unit, and forwarding unit, if not at least partly integrated
together) may be configured to process the captured au-
dio signal applying signal-processing means available in
software and/or hardware of the device. For example, a
noise reduction algorithm/module may be utilized to at-
tenuate the pseudo-stationary noise possibly present in
the background while conducting the measurements.
Such algorithms may gradually adapt to the background
noise characteristics and then delete the synthesized
noise estimate from the captured audio signal prior to
storing/forwarding the audio signal to the next element
of the transmission chain. Such noise tracking typically
takes place either in temporal domain (e.g. adaptive
LMS-filter -based solutions) or frequency domain (e.g.
spectral subtraction techniques). Simultaneous use of a
plurality of microphones during the measurement phase
may improve the noise reduction performance as the
noise signal can be estimated with increased resolution
based on the possible spatial separation between the
background noise and other sounds. Further, spectral
shaping technology may be applied to emphasize pre-
ferred frequencies and/or de-emphasize the rest. For ex-
ample, if the characteristics of the sounds generated by
the movement to be tracked is known e.g. due to the
specific materials used, related frequencies may be fa-
vored over the remaining frequencies in the signal.
[0067] Although a so-called raw format wherein the
captured audio signal is stored as independent samples
with a predetermined, fixed resolution defined by both
the bits-per-sample criterion and the utilized sample rate
is the most straightforward solution for data storage due
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to generally maximum data preservation therein, alter-
native formats may be applied in situations wherein e.g.
the storage space is limited or some other data format
gives an improved temporal or frequency resolution on
the desired characteristics of the captured signal. Para-
metric representations starting from logarithmic (u/a-law
CCITT G.711 etc) PCM and ending in sophisticated but
typically also more or less lossy compression algorithms
(MPEG (e.g.’MP3’ or AAC), LP/CELP-codecs (Code Ex-
cited Linear Prediction), ADPCM (adaptive differential
PCM), RealAudio, etc) may achieve compression ratios
up to 15:1 or even more without distorting the sound char-
acteristics too much for the subsequent analysis. Instead
of time-sample representation, a period of the captured
sound signal may be represented through various filter
coefficients, gain parameters, and excitation signals.
[0068] In the morning/after the measurement period
the subject stops 210 the recording function by pressing,
for example, the 'stop recording’ push button and loosens
the attaching straps or takes off the special clothing like
the vest. Alternatively the recording functionality may be
timed (e.g. user-programmed) and the recording status
thus automatically terminates in expiry of a timer.
[0069] The subject delivers 212 either via postal serv-
ices or physical visit the devices or at least the memory
storage units carrying the stored sound signals to the
institute responsible for the study. Alternatively, the sub-
ject may transmit the data from the memory storage de-
vice first to his home PC and further using available data
transmission connections (like the Internet) to the insti-
tute responsible for the study. Such data transmission
may also be automated, e.g. user-definable or inherent
in the used applications of the recording and/or interme-
diate devices. As a further alternative or supplementary
feature, the recording device(s) may include at least lim-
ited processing, analysis, and visualization application
forimmediate local analysis. In case the recording device
itself (e.g. a mobile terminal) comprises data transfer
means, use of an intermediate PC is naturally not man-
datory. The order of phases 210 and 212 may be re-
versed in a case wherein the recording device substan-
tially in real-time transmits the captured and optionally
encoded sound data forward while still recording new
data, whereby the execution of phases 208 and 212 is
alternatingly continued inaloop until the end of the meas-
urement period presented by phase 210.

[0070] The dotted line in the figure depicts the optional
location change from the measurement environment
(e.g. home of the subject) to the analysis environment
(research lab etc) that likely takes place between phases
212 and 214.

[0071] The institute responsible for the study may per-
form the transfer of the received sound signals further to
a special analysis device for proper data analysis using
e.g. the USB connection of the received memory storage
units and the USB connection line of the analysis com-
puter.

[0072] The analysis device, e.g. a computer device
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equipped with analysis software, is used in the institute
responsible for the study to perform specific computer-
ized processing to analyse 214 the sounds in the record-
ed signals. The software is generating statistical and
mathematical parameters, values, indices etc as analysis
results in order to facilitate the trained personnel in esti-
mating the situation and ultimately making the diagnosis
and follow-up of different disorders or diseases the sub-
ject possibly has. Intermediate or final conclusion phase
(e.g. indicating need for further study, giving instructions
to the subject etc) resulting from the analysis is shown
as box 216 in the figure.

[0073] Using the aforementioned process the subject
may also undertake repeated measurements. Accord-
ingly, the follow-up of the effects of possible treatments
is possible in constant home environment thus allowing
control of the medical and other treatments by comparing
the results of the iterated measurements to each other.
[0074] The method execution is ended in step 218; it
was already made clear earlier that the selected preced-
ing method steps may be re-executed either consecu-
tively or in parallel in case the data acquisition, forward-
ing, and analysis take place at least partially simultane-
ously, orin the case of re-measurements/follow-up.
[0075] Figure 3A depicts the exploitation of a prede-
termined material used for shaping the amplitude and/or
frequency response of sounds caused by the body move-
ments.

[0076] Inthis aspect of the invention the sound signals
produced by the movements are amplified using the sup-
porting method and product of the invention: e.g. a spe-
cial object such as a sheet 302 made of predetermined
material shaping the sounds generated by the move-
ments to be studied can be used, in which case the sheet
is located under the feet of the subject, for example. The
surface of the sheet may be uneven, multilayered, and/or
rough to induce rustling or rattling sounds or made of
special material containing e.g. metal wires to induce rat-
tling sounds when touched by the feet. Likewise, hollow
pearls of hard plastics causing jingling sounds as well as
elastic materials and folio sheets causing sounds that
can be described as "creaking" or "squeaking" when
stretched, are applicable. The used objects and material
thereof are preferably passive, i.e. the sound shaping
occurs due to their physical properties. Alternatively or
additionally, active means such as an electric
sound-modifying apparatus that captures sounds and
modifies their properties prior to outputting them (e.g. via
aloudspeaker) could be used; nevertheless, such active
means requires a power source of its own, which can be
left out from the passive solutions.

[0077] Prior to the measurements the subject puts the
sheet on the bed beneath his feet and places the record-
ing device or at least a wireless microphone thereof near
the bed. The recorder may in this case be e.g. a mobile
terminal that is functionally connected using Bluetooth or
other available connectivity means to a pair of wireless
microphones attached to the subject’s halluces, one per
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hallux. Then the microphones will capture and forward
the sounds produced by the legs while the sheet manu-
factured from the special material amplifies and/or spec-
trally shifts/modifies the sounds before capture. After fin-
ishing the measurements the subject delivers the rental
equipmentincluding the special sheet and/or the memory
storage device (e.g. memory card of the mobile terminal)
back to the institute responsible for the study.

[0078] Correspondingly, specific materials can be
used in coating the equipment of the method. E.g. a mi-
crophone or the device comprising the microphone (dic-
tation machine, mobile terminal, sound recorder etc) can
be coated with amaterial generating rustling or other type
of noises. When the clothing worn during the measure-
ments consisted of several layers, it could consist of two
or more separate parts and of different materials. The
different parts could react differently to the movements
and rub each other in a distinctive manner to generate
the sound signals enhancing the movement to be stud-
ied. In theses applications the microphone and the as-
sociated storage device can be located between the inner
and outer surface or between some of the several layers
of the specially constructed clothing like a vest. This may
enhance the sound amplification and/or shaping proper-
ties of the selected materials and dampen the effect of
disturbing background noises.

[0079] Within the scope of the invention it is possible
as mentioned herein earlier to record sound signals from
a plurality of sound sources simultaneously and inde-
pendently using a desired number of microphones. E.g.
in restless legs syndrome it is in most cases sufficient to
summate the activity of the both legs for adequate anal-
ysis. It may even be reasonable to utilize only a single
microphone attached e.g. to one foot of the subject to
record the sound signals produced by the both legs
and/or feet. As a further alternative, there may be only
one microphone (or a device comprising the microphone)
that is placed in a pocket 304 of the sheet under the legs
in which case the microphone can simultaneously record
the sound signals produced by both legs and feet.
[0080] Figure 3Biillustrates a vest 310 the subject may
wear during the study of sleep apneas. The vest 310
comprises a number of layers that preferably elastically
adapt to the respiratory movements of the subject as ex-
plained hereinbefore. The recording device 108 or at
least the microphone(s) preferably wirelessly connected
thereto is attached to the vest by strap(s), clip(s), etc, or
inserted to a pocket thereof. Alternatively, the device 108
may be situated near the vest 310 without a direct contact
thereto, if the shape/size of the device 108 or structure
of the vest 310 does not support convenient mechanical
coupling between them.

[0081] As a further example of the applicability of the
invention is to use the equipment of the invention to
record and measure snoring sounds, a routine measure-
ment in sleep recordings, which could be cleverly incor-
porated into the arrangement of the invention. For exam-
ple, a (second) identical device could be located nearer
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to the mouth of the subject and thus perform focused
recording of the snoring sounds during the night. The
stored signals can be analyzed with the analysis device
and software developed especially to this application, or
with the help of some traditional analysis methods avail-
able.

[0082] Measuring both the snoring sounds and move-
ment-indicating sounds provides also synergy effects.
For example, leg movements occurring after apnea or
intermittent snoring typically indicates that the subject
has awoken to enable normal, smooth breathing again.
Such awakenings break the structure of sleep, which is
an important aspect in the analysis of sleep disorders.
[0083] Specially in the follow-up and long-term/over-
night monitoring the measurement and/or analysis soft-
ware, the results obtained and the general possibility to
use the invention could be applied by the subject himself
on his home PC and using the public data transmission
networks such as the Internet. Exploiting modem tele-
medicine would thus offer a new service level and accu-
racy independent on the distance between the research
unit and the subject. The current solution even enables
studying newborns or small children in their homes.
[0084] Figure 4 visualizes a display view 402 of the
computer application used for analyzing the measure-
ment results. Further display views are also presented
in figure 1 as thumbnail versions.

[0085] The view contains an example of one possible
result of the analysis produced by the computer applica-
tion. In the shown graph the time dimension extends a
time period of approximately 10 seconds and two move-
ments 404, 406 of the feet are detectable with the dura-
tion of about one second each having a pause of about
4 seconds between. The movements can be detected on
the basis of their shape and/or amplitude being different
from the base line of the detection level (either the hori-
zontal axis, e.g. 'zero’ axis, itself or a horizontal level with
vertical separation from the horizontal axis), which is con-
sidered to be the base level of the signal lacking sounds
generated by feet movements. The base level can be
adjusted on the basis of background noise, i.e. the hor-
izontal detection level is adjusted to follow the average
noise level either directly or with additional safety margin.
Alternatively, the base level can be even dynamically ad-
justed according to predetermined criteria utilizing e.g. a
noise estimate for the decision-making. If the background
noise has already been cancelled from or attenuated in
the input sound signal, or if the analysis software is con-
figured to cancel/attenuate the noise, the detection level
may be lowered from the initial one due to the reduced
average noise level. Software-based detection level de-
termination is advantageous compared to the fixed-level
detection of the occurrences of seizure-type movements.
[0086] The user of the analysis software, who may act
as an expertin the research unit or be the subject himself
(provided that he is familiar with the software due to train-
ing or comprehensive instructions), may input more spe-
cific start and end time of the sleep period to the analysis
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software either on his own initiative or in response to a
request by the software. In home environment the meas-
urement data is first transmitted from the storage to the
analysis PC, if necessary. The data that has been op-
tionally packed for storage and/or transmission is decod-
ed for analysis and visual inspection by the analysis soft-
ware. Respectively, in the research unit the measure-
ment data is first received from a remote party, e.g. the
subject or an intermediary and processed for analysis.
For example, the packed data may have been stored in
4-bit differential format instead of the original 8 or 16-bit
accuracy in the recording apparatus. The data are there-
fore unpacked. Thereafter the analysis may be per-
formed automatically without need for manual interven-
tion. However, trained users such as the medical staff
may obtain better results by manually guiding the anal-
ysis e.g. through parameter twiddling and optimization.

[0087] Inthe following, one feasible embodiment of the
analysis software is described in more detail.

[0088] During the analysis, the signal is "compressed"
by calculating the area of the signal for each 0.1 sec
epoch or other preferred period. This results in the com-
pression of the data with a factor of 800 (when sampling
rate=8kHz).

[0089] Next, the median value for the epochs is calcu-
lated. This can be used as the noise level of the recording
or the basic level of a continuous regular movement pat-
tern. The triggering levels to detect the events like move-
ments or snoring sounds may be calculated using the
median level of the background noise as the base level
of the signal. The software may be configured to detect
asignificantevent, ifthe value exceeds three or four times
the median level, or in connection with lack, pause or
irregularity in the continuous movement pattern (e.g. ap-
nea in respiratory movement recording), for example. Al-
so other conditions in addition to or instead of compari-
sons with the median value can be utilized for detecting
the significant events.

[0090] The software plots an output graph with the time
elapsed as X-axis and the amplitude of the integrated
signal as Y-axis. The scale of the X-axis may be altered
manually and an epoch with special interest may be vis-
ualized. An overnight graph (e.g. 9 consecutive epochs
of 60 min, totally 540 min) can be used as a basic output
format for the graph.

[0091] The user may adjust the Y-axis and the detec-
tion level to determine significant signals/events. In au-
tomatic analysis the detection level can be adjusted using
the median level of the background noise, for example.

[0092] Concerningthe analysis of the movements, the
movement events exceeding the detection level are an-
alyzed. The number, duration, overall duration and sta-
tistical distributions of the movements are calculated. The
periodic movement pattern can be identified using a spe-
cial algorithm to find regularly repetitive movements with
more than four occurrences, for example. The duration
with periodic movements is calculated. The statistical
analysis of the number and duration of the movements
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and of the periodic movements is performed. The move-
ment patterns are indicated in a computer display unit
using different colour codes.

[0093] As to the analysis of snoring, the significant
snoring sound is detected when the area value of e.g.
0.1 sec epoch exceeds the detection level calculated
from the median background noise level. A second of
sound comprising signal exceeding the detection level is
deemed as a snoring second. The snoring minute is cor-
respondingly detected if more than 10 snoring seconds
fall within one minute of the recording.

[0094] A heavy snoring is found when the level of the
sound exceeds another, higher detection level. The ar-
tefact is found when the sound level is very high and not
caused by snoring but by some other activity like talking,
moving etc. The different detection (event) types (snor-
ing, heavy snoring, artefact) can be indicated using dif-
ferent output colors in the graphs. For example, periodic
occurrences of pauses or irregularities in the respiratory
movement recording indicate apneas and are thus
marked with certain color in the output graph.

[0095] The statistical analysis of the snoring includes
duration, absolute and relative amounts and percentages
of the different sound types (snoring, heavy snoring, ar-
tefact sounds) during the night.

[0096] The periodic snoring and periodic pauses in
sound signal are indicating possible apneas. The sound
signal is processed using a low-pass and a median filter.
This eliminates isolated snoring sounds. The periodic oc-
currences of the snoring with periodic pauses are indi-
cated via a colour code in the output and the duration of
periodic breathing is also calculated and given.

[0097] The epochs of interest may be played back and
listened. The user may indicate the time period of interest
by defining a location on the graph with a mouse ('point
and click’). The signal is then advantageously processed
and fed through the loudspeakers of the computer. Thus
the user may be able to ascertain that there really were
snoring as indicated in the graphs. The software may be
configured so as to process and playback the signal 10
times faster than real time. This can be achieved by cut-
ting away 90% of the signal in short epochs, for example.
Thus the frequency content of the signal is not changed
but the playback time is shorter, which may quicken the
auditive monitoring and tracking.

[0098] A hard copy of the analysis results may be print-
ed including the graphic output and statistical analysis.
The statistical parameters can be used to evaluate the
possible abnormality of the recording, for example.
[0099] The software of the invention comprising the
necessary program code, either for the recording/stor-
age/forwarding devices (in case additional software is
required for data capture, storage and transmission
therein) or for the analysis device, or for both, can be
provided as a computer program product on a carrier
suchasa CD-ROM, aDVD, amemory card/stick, a floppy
disc, or other applicable medium. It may also be offered
as a downloadable content.
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[0100] The scope of the invention can be found in the
following claims. Although the applicability of the inven-
tion was mainly described in the context of human sub-
jects, the arrangement is applicable to animals as well
provided that human management and assistance is giv-
en to properly position the equipment, initiate and stop
the recording (if not remotely controlled/automatized),
etc.

[0101] Additionally, in various embodiments of the
method in accordance with the present invention the
sound signal may be sent via wireless or wired commu-
nication means, or on a physical carrier medium like a
memory card carrying the stored sound signal.

[0102] In various embodiments of the arrangement in
accordance with the present invention, the arrangement
may be further configured to process the captured sound
signal and render at least part thereof for visualization.
[0103] In various embodiments of the arrangement in
accordance with the present invention the arrangement
may comprise the computer 122 for storing the captured
sound signal and for transferring it over a communica-
tions network 124 to the remote system 126 for analysis.
[0104] In various embodiments of the arrangement in
accordance with the presentinvention, the remote server
126 may be configured to analyze 130 the sound signal
for sleep disorders.

[0105] In various embodiments of the use of the port-
able electronic consumer apparatus in accordance with
the present invention, at least part of user input means
of the apparatus for initiating or terminating the recording
may be positioned so as to reduce the risk of accidental
activation thereof.

[0106] In various embodiments of the use of the port-
able electronic consumer apparatus in accordance with
the present invention, the apparatus may be further con-
figured to process the digital sound signal and render at
least part thereof for visualization on a display.

[0107] In various embodiments of the use of the gar-
ment in accordance with the present invention the gar-
ment may comprise a microphone or an apparatus com-
prising said microphone, having at least part thereof coat-
ed with or made of said sound-modifying material.
[0108] In various embodiments of the use of the gar-
ment in accordance with the present invention the gar-
ment may comprise at least one element selected from
the group consisting of: a sock, trousers, a vest, a shirt,
a belt, a cover, a metal wire figure, a rivet, a folio sheet,
and a plastic pearl.

[0109] In various embodiments of the use of the gar-
ment in accordance with the present invention the mate-
rial of the garment may be selected so as to shift, widen,
or narrow the frequency content of the sound to hit a
desired, predetermined range.

[0110] In various embodiments of the use of the gar-
ment in accordance with the present invention the spec-
tral content may be altered due to a physical contact tak-
ing place between said sound-modifying material and an-
other material, said contact creating the sound associat-
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ed with the movement of the subject and captured by the
microphone.

[0111] In various embodiments of the computer pro-
gram in accordance with the present invention the com-
puter program may be adapted to visualize different, de-
tected event types with different colors.

[0112] In various embodiments of the computer pro-
gram in accordance with the present invention the com-
puter program may be adapted to filter, via a low-pass
or median filter, the audio signal or a portion thereof to
eliminate isolated snoring sounds therein.

[0113] The computer program may be adapted to proc-
ess at least portion of the audio signal so as to enable
real-time or accelerated playback thereof.

[0114] The computer program may be adapted to rep-
resent the audio signal via a plurality of epochs the tem-
poral resolution of which being lower than the original
temporal resolution of the audio signal, and optionally
adapted to calculate a median value for a number of ep-
ochs to represent the noise level therein or a basic level
of a continuous regular movement pattern.

Claims

1. A method for conducting a sound-based measure-
ment of sleep related physiological phenomena or
abnormal phenomena related to sleep disorders,
wherein the subject of the measurement is either a
human or an animal, comprising the following steps:

- obtaining an equipment for conducting the
measurement including a portable electronic
consumer apparatus capable of digital sound re-
cording (202), wherein said portable electronic
consumer apparatus optionally includes adigital
dictation machine, a mobile terminal, a personal
digital assistant, or a music or sound recorder
such as an MP3 device with recording capability,
- positioning the equipment including the appa-
ratus at a measurement location so that at least
one microphone thereof situates within a prede-
termined distance of a predetermined sound
source relating to the subject so as to capture
the sounds associated with the movements of
the subject (204), and so that the sounds asso-
ciated with the movements of the subject relate
to at least one element selected from the group
consisting of: respiratory movement, body
movement, tissue movement, and limb move-
ment, further positioning predetermined materi-
al on a sound path so as to intentionally alter the
spectral content of the sound to fall on the pre-
ferred range relative to the apparatus according
to a predetermined condition prior to receipt by
the at least one microphone of the apparatus,
wherein the material is configured to convert to
higher frequencies the sound associated with
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the movement,

-initiating a continuous sound recording function
at the apparatus (206),

- recording the sound signal as captured by said
at least one microphone during a measurement
period (208),

- terminating the recording function at the expiry
of the measurement period (210), and

- sending the recorded sound signal to a remote
entity (212), wherein said sending optionally
takes place substantially simultaneously with
the recording (208).

The method of any preceding claim, further compris-
ing conducting analysis of the sleep disorder based
ontherecorded sound signal (214) and the presence
or lack of movements detected therein, wherein said
analysis optionally includes detecting the periods of
movements from the background activity according
to a number of predetermined or adaptive criteria
and determining at least one attribute selected from
the group consisting of: number, shape, amplitude,
distribution, duration, and frequency of the detected
movements or pauses between them.

The method of any preceding claim, wherein the
equipment includes a plurality of microphones for
capturing sounds with spatial separability, and
wherein the equipment optionally comprises a plu-
rality of consumer apparatuses, each comprising at
least one microphone, positioned to different loca-
tions.

The method of any preceding claim, wherein the
equipment comprises an attaching means, said
equipment optionally comprising textile material
such as a garment or a blanket comprising said at-
taching means, and wherein at least one consumer
apparatus or a microphone wirelessly connected
thereto is attached to the subject via the attaching
means, said attaching means optionally comprising
at least one of the following: a strap, a hook, a clasp,
an indent, a projection, tape, an adhesive surface,
an elastic band, a pocket, a stand, a mount, and a
recess.

The method of any preceding claim, wherein said
recording is initiated or terminated in response to
receiving, at the consumer apparatus, control infor-
mation from the subject via auserinput means there-
of, or remote control information via a communica-
tion means thereof.

A portable electronic arrangement (108) for conduct-
ing sound-based measurements of sleep disorders,
said arrangement comprising a portable electronic
consumer apparatus such as a digital dictation ma-
chine, a mobile terminal, a personal digital assistant,
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or a music or sound recorder such as an MP3 device
with recording capability, wherein the subject of the
measurements is either a human or an animal, com-
prising at least one microphone (112) for capturing
a sound signal, a processing unit (114) for process-
ing instructions, a memory (118) for storing instruc-
tions and data, an attaching means (110) for facili-
tating physical positioning to a predetermined meas-
urement location such as a chest or a limb of the
subject or a nearby object, and a user input means
(120) for receiving control information, at least part
of said user input means (120) being optionally po-
sitioned in the apparatus so as to reduce the risk of
accidental activation thereof,

wherein said arrangement is configured to initiate
continuous, digital sound recording utilizing said at
least one microphone (112) in response to obtained
control information so as to capture ambient sounds
emanating from the vicinity of the measurement lo-
cation during a measurement period and comprising
sounds associated with the movements of the sub-
ject, wherein said arrangement is configured to cap-
ture sounds especially relating to at least one ele-
ment selected from the group consisting of: respira-
tory movement, body movement, tissue movement
and limb movement,

configured to store at least part of the recorded sound
data in said memory (118), and

configured to stop the recording, upon termination
of the measurement period, in response to an expiry
of a timer or receipt of control information, and char-
acterised in that

said arrangement further comprises sound-modify-
ing material (302) to be positioned on a sound path
so as to intentionally alter the spectral content of the
sound associated with the movement of the subject
tofall on the preferred range relative to the apparatus
according to a predetermined criterion prior to receipt
by the microphone of the apparatus, wherein the ma-
terial is configured to convert to higher frequencies
the sound associated with the movement.

The arrangement of claim 6, comprising at least one
portable electronic consumer apparatus including
said microphone (112), said processing unit (114),
said memory (118), and said user input means (120),
and wherein said apparatus further optionally in-
cludes a communication means (116) for transmit-
ting sound data to a remote entity.

The arrangement of claim 6 or 7, wherein said control
information is obtained via said communication
means (116).

The arrangement of any of claims 6-8, wherein said
attaching means (110) includes at least one element
selected fromthe group consisting of: a strap, a hook,
a clip, a clasp, an indent, a projection, tape, an ad-
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hesive surface, an elastic band, a pocket, a stand,
a mount, and a recess, said arrangement optionally
comprising textile material, such as a garment or a
blanket, comprising said attaching means, said gar-
ment optionally comprising at least one element se-
lected from the group consisting of: a shirt, a vest, a
sock, trousers, a glove, and a wristband.

The arrangement of any of claims 6-9, wherein said
microphone or at least part of said electronic con-
sumer apparatus is optionally coated with said
sound-modifying material, or said arrangement fur-
ther optionally comprises an object coated with, com-
prising a layer of, or being made of said sound-mod-
ifying material, whereby said object is optionally an
element selected from the group consisting of: a
sheet, a blanket, a sock, trousers, a vest, a shirt, a
belt, and a pillowslip, and said object further option-
ally comprising at least one element selected from
the group consisting of: a metal wire figure, a rivet,
a folio sheet, and a plastic pearl.

The arrangement of any of claims 6-10, further com-
prising a vest (310) adapted to accommodate a
sound recording apparatus and comprising a
number of layers configured to elastically adapt to
the respiratory movements of the subject.

Use of a portable, electronic consumer apparatus,
such as a dictation machine, a sound or music re-
corder like an MP3 recorder, a mobile terminal, or a
personal digital assistant, capable of sound record-
ing in conducting sound-based measurements of
sleep-related physiological phenomena or abnormal
phenomena related to sleep disorders, wherein said
apparatus is positioned within a predetermined dis-
tance of a subject, said subject being a human or an
animal, and configured to continuously record, over
the measurement period, a digital sound signal ob-
tained utilizing at least one microphone so as to cap-
ture sounds associated with the movements of the
subject, and so that the sounds associated with the
movements of the subject relate to at least one ele-
ment selected from the group consisting of: respira-
tory movement, body movement, tissue movement,
and limb movement, wherein sound-modifying ma-
terial is positioned on a sound path so as to inten-
tionally alter the spectral content of the sound to fall
on the preferred range relative to the apparatus ac-
cording to a predetermined condition prior to receipt
by the microphone, and wherein the material is con-
figured to convert to higher frequencies the sound
associated with the movement.

Use of a garment comprising predetermined sound-
modifying material in measuring sleep-related phys-
iological phenomena or sleep disorders of a subject,
said subject being a human or an animal and a mi-
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crophone of a portable electronic consumer appara-
tus being utilized for capturing sounds associated
with the movements of the subject, the sounds being
associated with the movements of the subject relate
to at least one element selected from the group con-
sisting of: respiratory movement, body movement,
tissue movement, and limb movement, wherein said
garment comprising said predetermined material is
positioned on a sound path so as to intentionally alter
the spectral content of the sound to fall on the pre-
ferred range relative to the apparatus according to
a predetermined condition prior to receipt by the mi-
crophone, wherein the material is configured to con-
vert to higher frequencies the sound associated with
the movement.

The method of any of claims 1-5, further comprising,
as executed by code means run on a computer, the
following:

- receiving and optionally decoding the audio
signal digitally recorded by the portable elec-
tronic consumer apparatus using continuous
sound recording function,

- filtering the audio signal using digital filtering
such as median filtering,

- detecting the periods of movements or pauses,
irregularities or lack of movements in regular
movement patterns of the subject in the audio
signal from the background activity according to
preferably adaptive criteria for one or more de-
tection features such as detection levels, where-
in a detection feature optionally includes deter-
mining a detection level indicating a signal level
below which the audio signal substantially com-
prises only background activity with a high like-
lihood, whereupon an event to be analyzed is
identified when the signal exceeds the detection
level,

- conducting statistical or mathematical analysis
of the detected movements and/or pauses be-
tween the detected movements, said analysis
comprising determination of a number of at-
tributes including at least one attribute selected
from the group consisting of: a number, shape,
distribution, duration, and frequency of the de-
tected movements and/or pauses, and

- rendering the signal, a part thereof, or at least
one analysis result for visualization on a display
with the original or compressed temporal reso-
lution to enable further analysis and visual in-
vestigation of the medical condition of the sub-
ject by trained personnel operating the compu-
ter.

Use of a predetermined sound-modifying coating
material in measuring sleep-related physiological
phenomena or sleep disorders of a subject, said sub-
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ject being a human or an animal and a microphone
being utilized for capturing sounds associated with
the movements of the subject, wherein said micro-
phone or an apparatus comprising said microphone
is at least partially coated with said predetermined
sound-modifying material thereby positioned on a
sound path so as to intentionally alter the spectral
content of the sound according to a predetermined
condition prior to receipt by the microphone, the
sounds being associated with the movements of the
subject relate to at least one element selected from
the group consisting of: respiratory movement, body
movement, tissue movement, and limb movement,
wherein the material is configured to convert to high-
er frequencies the sound associated with the move-
ment.

Patentanspriiche

1.

Ein Verfahren zum Durchfiihren einer auf Schall ba-
sierenden Messung von auf den Schlaf bezogener
physiologischer Phdnomene oder abnormaler Pha-
nomenen, die sich auf Schlafstérungen beziehen,
wobei das Subjekt der Messung entweder ein
Mensch oder ein Tier ist, mit den folgenden Schrit-
ten:

- Bereitstellen einer Einrichtung zum Durchfiih-
ren von Messungen mit einem tragbaren elek-
tronischen handelsiiblichen Geréat, das dazu in
der Lage ist, Schall digital aufzunehmen (202),
wobei das tragbare elektronische handelsibli-
che Gerat optional ein digitales Diktiergerat, ein
mobiles Terminal, ein digitaler persénlicher As-
sistentoder ein Musik- oder Tonrekorder wie ein
MP3 Gerét, das zur Aufzeichnung in der Lage
ist, aufweist,

- Positionieren der Einrichtung mit dem Geréat
an einem Messort derart, dass wenigstens ein
Mikrophon des Gerats in einem vorgegebenen
Abstand von einer sich auf das Subjekt bezie-
henden Schaltquelle so angeordnet ist, dass es
den Schall, der von den Bewegungen des Sub-
jekts (204) ausgeht, aufnimmt und so , dass der
Schall eingefangen wird, der von den Bewegun-
gen des Subjekts ausgeht, die wenigstens ei-
nem Element ausgewahlt aus der Gruppe be-
stehend aus Atembewegung, Korperbewe-
gung, Gewebebewegung und Gliedmalienbe-
wegung zugehodrig ist, weiter Positionieren ei-
nes vorbestimmten Materials auf einem Schall-
weg, um so willentlich den Spektralgehalt des
Schalls zu andern, um einen bevorzugten Be-
reich relativ zu dem Geréat einer vorgegebenen
Bedingung vor dem Empfang von dem wenig-
stens einen Mikrophon des Gerats, wobei das
Material konfiguriert ist, um den Schall, der der
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Bewegung zugehdrig ist, in héhere Frequenzen
zu wandeln;

- Initiieren einer kontinuierlichen Schallaufzeich-
nungsfunktion in dem Gerat (206),

- Aufzeichnen des Schallsignals, das von we-
nigstens einem Mikrofon wahrend einer
Messzeit (208) aufgenommen worden ist,

- Beenden der Aufzeichnungsfunktion bei dem
Auslaufen einer Messzeit (210), und

- Aussenden des aufgezeichneten Schallsi-
gnals an eine entfernte Einheit (212), wobei das
Senden optional im Wesentlichen gleichzeitig
mit dem Aufzeichnen (208) stattfindet.

Das Verfahren nach einem der vorangehenden An-
spriiche weiter mit Ausfihren einer Analyse von
Schlafstérungen basierend auf dem aufgezeichne-
ten Schallsignal (214) und dem Vorhandensein oder
dem Fehlen von in diesen erkannten Bewegungen,
wobei die Analyse optional das Erkennen von Peri-
oden mit Bewegungen von der Hintergrundaktivitat
entsprechend einer Anzahl von vorgegebenen oder
adaptiven Kriterien und das Bestimmen von wenig-
stens eines Attributs ausgewahlt aus der Gruppe be-
stehend aus Anzahl, Form, Amplitude, Verteilung,
Dauer und Frequenz der erkannten Bewegungen
oder Unterbrechungen zwischen diesen einschlieft.

Das Verfahren nach einem der vorangehenden An-
spriiche, wobei die Einrichtung weiter eine Mehrzahl
von Mikrofonen zum Aufnehmen von Schall mit einer
raumlichen Trennbarkeit aufweist und wobei die Ein-
richtung optional eine Mehrzahl von handelsubli-
chen Geraten aufweist, die jeweils wenigstens ein
Mikrofon, angeordnet an unterschiedlichen Orten,
aufweist.

Das Verfahren nach einem der vorangehenden An-
spriiche, wobei eine Einrichtung ein Befestigungs-
mittel aufweist, die Einrichtung optional ein textiles
Material aufweist wie ein Kleidungsstlick oder ein
Laken, das mit einem Befestigungsmittel versehen
sind, und wobei wenigstens ein handelsibliches Ge-
rat oder ein Mikrofon drahtlos mit diesem verbunden
ist, das an dem Subjekt tiber das Befestigungsmittel
befestigt ist, wobei das Befestigungsmittel optional
wenigstens einen aus dem Folgenden aufweist: ei-
nen Streifen, einen Haken, eine Klammer, eine Ver-
tiefung, ein Vorsprung, ein Band, eine haftende Fl&-
che, ein elastisches Band, eine Tasche, einen Stan-
der, einen Aufbau oder eine Ausnehmung aufweist.

Das Verfahren nach einem der vorangehenden An-
spriiche, wobei die Aufzeichnung initiiert oder been-
det wird in Antwort auf das Empfangen von Kontroll-
information von dem Subjekt durch das handelstib-
liche Gerat Uber einen fur den Verwender zugangli-
chen Eingang oder eine Fernsteuerinformation Giber
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ein Kommunikationsmittel des Geréts.

Eine tragbare elektronische Anordnung (108) zum
Ausfihren von auf Schall basierenden Messungen
von Schlafstérungen, wobei die Anordnung ein trag-
bares elektronisches handelsiibliches Gerat wie ei-
ne digitale Diktiermaschine, ein mobiles Terminal,
einen digitalen personlichen Assistenten oder einen
Musik- oder Schallrecorder wie ein MP3 Gerat auf-
weist, das zur Aufzeichnung in der Lage ist, wobei
das Subjekt der Messungen entweder ein Mensch
oder ein Tier ist, mit wenigstens einem Mikrofon
(112) zum Aufnehmen eines Schallsignals, einer
Verarbeitungseinheit (114) zum Verarbeiten von Be-
fehlen, einem Speicher (118) zum Speichern von Be-
fehlen und Daten, einem Befestigungsmittel (110)
zum Ermdéglichen einer gegenstandlichen Positio-
nierung an einem vorgegebenen Messort derart,
dass der Brustkasten oder ein Glied des Subjekis
oder ein Objekt in der Nahe, und ein fiir den Verwen-
derzugangliches Eingangsmittel (120) zum Empfan-
gen von Steuerinformationen, wobei wenigstens ein
Teil des fiir den Verwender zuganglichen Eingangs
(120) optional in der Einrichtung positioniert ist, um
so das Risiko einer ungewollten Aktivierung des Ge-
rates zu reduzieren,

wobei die Anordnung

ausgebildet ist zum Initiieren einer kontinuierlichen
digitalen Schallaufzeichnung unter Verwendung des
wenigstens einen Mikrofons (112) in Antwort auf er-
haltende Steuerinformationen, um so Umweltschall
aufzunehmen, der wahrend der Messzeit aus Nahe
des Messorts ausgeht und Schall enthalt, der mit
Bewegungen des Subjekts in Zusammenhang steht,
wobei die Anordnung konfiguriert ist zum Aufneh-
men von insbesondere sich auf wenigstens ein Ele-
ment ausgewahlt aus der Gruppe bestehend aus
Atembewegung, Koérperbewegung, Gewebebewe-
gung und Bewegung der Gliedmafien bezieht,
ausgebildetist zum Speichern wenigstens eines Tei-
les der in dem Speicher (118) aufgezeichneten
Schalldaten, und

konfiguriert ist zum Beenden der Aufzeichnung bei
Abschluss der Messzeitin Antwort aufdas Auslaufen
eines Zeitgebers oder den Empfang von Steuerin-
formationen und

dadurch gekennzeichnet dass,

die Anordnung weiter ein schall-modifizierendes Ma-
terial (302) aufweist, das an einem Schallweg posi-
tioniert ist, um so absichtlich den spektralen Gehalt
des Schalls zu wandeln, der mit der Bewegung des
Subjektsin Verbindung steht, umindenbevorzugten
Bereich in Bezug auf die Einrichtung zu fallen ent-
sprechend einem vorgegebenen Kriterium vor dem
Empfang von dem Mikrofon der Einrichtung, wobei
das Material konfiguriertistzum Wandeln des Schall,
der der Bewegung zugehdrig ist, in hdhere Frequen-
zen.
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Die Anordnung nach Anspruch 6, mit wenigstens ei-
nem tragbaren elektronischen handelsiblichen Ge-
rat, das das Mikrofon (112), die Verarbeitungseinheit
(114),den Speicher (118) und einen fiir den Verwen-
der zuganglichen Eingang (120) aufweist, und wobei
die Vorrichtung weiter optional ein Kommunikations-
mittel (116) zum Ubertragen von Schalldaten auf ei-
ne entfernte Einheit beinhaltet.

Die Anordnung nach Anspruch 6 oder 7, wobei die
Steuerinformation tber das Kommunikationsmittel
(116) erhalten wird.

Die Anordnung nach einem der Anspriiche 6 - 8,
wobei das Befestigungsmittel (110) wenigstens ein
Element aufweist, das ausgewahlt ist aus der Grup-
pe bestehend aus: einem Gurt, einem Haken, einem
Clip, einer Klammer, einer Vertiefung, einem Vor-
sprung, einem Band, einer klebenden Flache, einem
elastischen Band, einer Tasche, einem Stander, ei-
nem Aufbau und einer Ausnehmung, wobei die An-
ordnung optional textiles Material wie ein Beklei-
dungsstick oder ein Laken, die Anbringungsmittel
aufweist, wobei das Bekleidungsstiick optional we-
nigstens ein Element aufweist, ausgewahlt aus der
Gruppe bestehend aus: einem Shirt, einer West, ei-
ner Socke, einer Hose, einem Handschuh und einem
Armband.

Die Anordnung nach einem der Anspriiche 6 - 9,
wobei das Mikrofon oder wenigstens ein Teil des
elektronischen handelstiblichen Gerates optional
mit dem den Schall modifizierenden Material be-
schichtet ist oder die Anordnung weiter optional ein
Objekt aufweist, das beschichtet ist mit, bestehend
aus einer Schicht aus oder gefertigt ist aus einem
den Schall modifizierenden Material, wobei das Ob-
jekt optional ein Element ist ausgewahlt aus einer
Gruppe bestehend aus: einem Blatt, einem Laken,
einer Socke, einer Hose, einer Weste, einem Shirt,
einem Gurt und einem Kopfkissenliberzug und wo-
bei das Objekt weiter optional wenigstens ein Ele-
ment aufweist ausgewahlt aus der Gruppe beste-
hend aus: einem Metalldrahtgebilde, einer Niet, ei-
nem Blatt und einer Kunststoffperle.

Die Anordnung nach einem der Anspriiche 6 - 10,
weiter mit einer Weste (310), die adaptiert ist zur
Aufnahme eines Schallaufzeichnungsgerats und ei-
ne Anzahl von Schichten aufweist, die zur elasti-
schen Adaption an die Atembewegungen des Sub-
jekts ausgestaltet sind.

Verwendung eines tragbaren elektronischen han-
delsuiblichen Gerats, etwa einem Diktiergerat, einem
Schall- oder Musikrecorder wie einem MP3-Recor-
der, einem mobilen Terminal oder einem digitalen
personlichen Assistenten, das in der Lage ist, Schall
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aufzunehmen bei der Durchfiihrung von auf Schall
basierenden Messungen von sich auf den Schlaf be-
ziehenden physiologischen Phdnomenen oder ab-
normalen Phanomenen, die sich auf Schlafstorun-
gen beziehen, wobei das Gerat in einem vorgege-
benen Abstand eines Subjekts positioniert ist, das
ein Mensch oder ein Tier ist, und konfiguriert ist zum
kontinuierlichen Aufzeichnen eines digitalen Schall-
signals wahrend des Messzeitraums, das gewonnen
wird unter Verwendung wenigstens eines Mikrofons,
um so Schall aufzunehmen, der den Bewegungen
des Subjekts zugehorig ist und derart, dass der
Schall, der den Bewegungen des Subjekts zugeho-
rig ist, sich auf wenigstens ein Element bezieht, das
ausgewahlt ist aus der Gruppe bestehend aus:
Atembewegung, Koérperbewegung, Gewebebewe-
gung und Bewegung eines Gliedmales, wobei das
den Schall modifizierende Material an einem Schall-
weg positioniert ist, um so gewollt den spektralen
Gehalt des Schalls derart zu andern, dass er in den
bevorzugten Bereich in Bezug auf das Geréat fallt ent-
sprechend einer vorgegebenen Bedingung vor der
Aufnahme durch das Mikrofon und wobei das Mate-
rial konfiguriert ist, um hdéhere Frequenzen des
Schalls, die der Bewegung zugeh6rig sind, zu wan-
deln.

Verwendung eines Bekleidungsstiicks mit einem
vorgegebenen, Schall modifizierenden Material zur
Messung von auf den Schlaf bezogenen physiologi-
schen Phanomenen oder Schlafstérungen eines
Subjekts, wobei das Subjekt ein Mensch oder ein
Tier ist, und einem Mikrofon eines tragbaren elekitri-
schen handelsiiblichen Geréts, das verwendet wird
zum Aufnehmen von Schall, der von Bewegungen
des Subjekts ausgeht, wobei der Schall von Bewe-
gungen des Subjekts in Bezug auf wenigstens ein
Element ausgewahlt aus einer Gruppe bestehend
aus Armbewegung, Kérperbewegung, Gewebebe-
wegung und GliedmaRenbewegung, ausgeht, wobei
dasKleidungsstlck, dass das vorgegebene Material
aufweist, auf einem Schallweg angeordnet ist, um
so gewollt den Spektralgehalt des Schalls derart zu
andern, dass erindenbevorzugten Bereichin Bezug
des Gerat fallt entsprechend einer vorgegebenen
Bedingung vor dem Aufnehmen durch das Mikrofon,
wobei das Material ausgebildet ist, um den Schall,
der von der Bewegung ausgeht, in héhere Frequen-
zen zu wandeln.

Das Verfahren nach Anspruch 1 - 5, weiter mit, bei
Ausfuhrung durch einen auf einem Computer lau-
fenden Codemitteln, dem folgenden:

- Empfangen und optionales Decodieren des
Audiosignals, das digital von dem tragbaren
elektronischen handelsiblichen Gerat unter
Verwendung einer kontinuierlichen Schallauf-
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zeichnungsfunktion aufgezeichnet worden ist,
- Filtern des Audiosignals unter Verwendung ei-
nes digitalen Filters wie einem Medianfilter,

- Erkennen der Zeitdauern der Bewegungen
oder Unterbrechungen, UnregelmaRigkeiten
oder Fehlen von Bewegungen in normalen Be-
wegungsmustern des Subjekts in dem Audiosi-
gnal aus der Hintergrundaktivitat entsprechend
den bevorzugten adaptiven Kriterien fir eine
oder mehrere Detektionsmerkmale wie dem De-
tektionspegel, wobei ein Detektionsmerkmal
optional aufweist das Bestimmen eines Detek-
tionspegels, das ein Signalpegel unterhalb des-
sen das Audiosignal mit groBer Wahrscheinlich-
keit im Wesentlichen lediglich Hintergrundakti-
vitat beinhaltet, aufweist, woraufhin ein zu ana-
lysierendes Ereignis identifiziert wird, wenn das
Signal den Detektionslevel Ubersteigt,

- Ausfiihren einer statistischen oder mathema-
tischen Analyse der erkannten Bewegungen
und/oder der Unterbrechungen zwischen den
erkannten Bewegungen, wobei die Analyse die
Bestimmung einer Anzahl von Attributen auf-
weist einschliefllich wenigstens einem Attribut,
das ausgewahlt ist aus der folgenden Gruppe:
der Anzahl, Form, Verteilung, Dauer und Fre-
quenz der erkannten Bewegungen und/oder
Unterbrechungen, und

- Wiedergeben des Signals oder wenigstens ei-
nes Analyseergebnisses zur Visualisierung auf
einem Display mit der originalen oder kompri-
mierten zeitlichen Auflésung zur Erméglichung
einer weiteren Analyse und visuellen Untersu-
chung des medizinischen Zustands des Sub-
jekts durch getibtes Personal, das den Compu-
ter betreibt.

15. Verwendung eines Bekleidungsstiicks mit einem

vorgegebenen, schallmodifizierenden Beschich-
tungsmaterials zur Messung von auf den Schlaf be-
zogenen physiologischen Phanomenen oder
Schlafstérungen eines Subjekts, wobei das Subjekt
ein Mensch oder ein Tier ist, und einem Mikrofon
eines tragbaren elektrischen handelsublichen Ge-
rats, das verwendet wird zum Auf-nehmen von
Schall, der von Bewegungen des Subjekts ausgeht,
wobei der Schall von Bewegungen des Subjekts in
Bezug auf wenigstens ein Element ausgewahlt aus
einer Gruppe bestehend aus Armbewegung, Kor-
perbewegung, Gewebebewegung und Gliedmalen-
bewegung, ausgeht, wobei das Kleidungssttick,
dass das vorgegebene Material aufweist, auf einem
Schallweg angeordnet ist, um so gewollt den Spek-
tralgehalt des Schalls derart zu &ndern, dass er in
den bevorzugten Bereich in Bezug des Gerat fallt
entsprechend einer vorgegebenen Bedingung vor
dem Aufnehmen durch das Mikrofon, wobei das Ma-
terial ausgebildet ist, um den Schall, der von der Be-
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wegung ausgeht, in héhere Frequenzen zu wandeln.

Revendications

Procédé pour effectuer une mesure basée surle son
de phénomenes physiologiques associés au som-
meil ou de phénomeénes anormaux associés a des
désordres du sommeil, dans lequel le sujet de la me-
sure est soit un humain, soit un animal, comprenant
les étapes suivantes :

- d’obtention d’'un équipement pour effectuer la
mesure comprenant un appareil électronique
portable d'utilisateur capable d’enregistrer un
son numérique (202), dans lequel ledit appareil
électronique portable d’utilisateur comprend, en
option, une machine de dictée numérique, un
terminal mobile, un assistantnumérique person-
nel, ou un enregistreur de musique ou de son
tel qu’un dispositif MP3 avec une capacité d’en-
registrement,

- de positionnement de I'équipement compre-
nant 'appareil a un emplacement de mesure de
sorte qu’au moins un microphone de celui-ci soit
situé a une distance prédéterminée d’'une sour-
ce sonore prédéterminée concernant le sujet de
maniére a capturer les sons associés aux mou-
vements du sujet (204), et de sorte que les sons
associés aux mouvements du sujet concernent
aumoins un élément sélectionné dans le groupe
consistant en : un mouvement respiratoire, un
mouvement du corps, un mouvement de tissu
et un mouvement de membre, de positionne-
ment en outre d’'un matériau prédéterminé sur
un trajet du son de maniéere a modifier intention-
nellement le contenu spectral du son pour qu'il
tombe dans la plage préférée par rapport a I'ap-
pareil en fonction d’'une condition prédéterminée
avant la réception par ledit au moins un micro-
phone de 'appareil, dans lequel le matériau est
configuré pour convertir a des fréquences plus
élevées le son associé au mouvement,

- de lancement d’une fonction d’enregistrement
de son continu au niveau de I'appareil (206),

- d’enregistrement du signal sonore tel que cap-
turé par ledit au moins un microphone pendant
une période de mesure (208),

- d’arrét de la fonction d’enregistrement a la fin
de la période de mesure (210), et

-d’envoi du signal sonore enregistré a une entité
a distance (212), dans lequel ledit envoi a lieu,
en option, sensiblement simultanément avec
I'enregistrement (208).

2. Procédé selon 'une quelconque des revendications

précédentes, comprenant en outre I'exécution d’'une
analyse du désordre du sommeil sur la base du si-
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gnal sonore enregistré (214) et de la présence ou
de I'absence de mouvements détectés dans celui-
ci, dans lequel ladite analyse comprend, en option,
la détection des périodes de mouvements par rap-
port a l'activité d’arriére-plan selon un certain nom-
bre de critéres prédéterminés ou adaptatifs et la dé-
termination d’au moins un attribut sélectionné dans
le groupe consistant en : un nombre, une forme, une
amplitude, une distribution, une durée et une fré-
quence des mouvements détectés ou des pauses
entre eux.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'équipement comprend
une pluralité de microphones pour capturer des sons
avec une séparabilité spatiale, et dans lequel I'équi-
pement comprend, en option, une pluralité d’appa-
reils d’utilisateur, comprenant chacun au moins un
microphone, positionné a différents emplacements.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel I'équipement comprend
des moyens de fixation, ledit équipement compre-
nant, en option, un matériau textile tel qu'un véte-
ment ou une couverture comprenant lesdits moyens
de fixation, et dans lequel au moins un appareil d’uti-
lisateur ou un microphone connecté par une liaison
sans fil a celui-ci est attaché au sujet par l'intermé-
diaire des moyens de fixation, lesdits moyens de
fixation comprenant, en option, au moins I'un des
éléments suivants : une sangle, un crochet, un fer-
moir, une découpe, une protubérance, une bande,
une surface adhésive, une bande élastique, une po-
che, un socle, un montage et un évidement.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel ledit enregistrement est
lancé ou arrété en réponse a la réception, au niveau
de l'appareil d'utilisateur, d’informations de com-
mande provenant du sujet par l'intermédiaire de
moyens d’entrée d'utilisateur de celui-ci ou d’infor-
mations de télécommande par l'intermédiaire de
moyens de communication de celui-ci.

Agencement électronique portable (108) pour effec-
tuer des mesures basées sur un son de désordres
du sommeil, leditagencement comprenant un appa-
reil électronique portable d’utilisateur tel qu’'une ma-
chine de dictée numérique, un terminal mobile, un
assistant numérique personnel, ou un enregistreur
de musique ou de son tel qu’un dispositif MP3 avec
une capacité d’enregistrement, dans lequel le sujet
des mesures est soit un humain, soit un animal, com-
prenantau moins un microphone (112) pour capturer
un signal sonore, une unité de traitement (114) pour
traiter des instructions, une mémoire (118) pour mé-
moriser des instructions et des données, des
moyens de fixation (110) pour faciliter un position-
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nement physique a un emplacement de mesure pré-
déterminé tel qu’un poitrine ou un membre du sujet
ou un objet voisin, et des moyens d’entrée d’utilisa-
teur (120) pour recevoir des informations de com-
mande, au moins une partie desdits moyens d’entrée
d'utilisateur (120) étant positionnée, en option, dans
'appareil de maniére a réduire le risque d’activation
accidentelle de celui-ci,

dans lequel ledit agencement est configuré pour lan-
cer un enregistrement de son numérique continu en
utilisant ledit au moins un microphone (112) en ré-
ponse a des informations de commande obtenues
de maniéere a capturer des sons ambiants émanant
du voisinage de I'emplacement de mesure pendant
une période de mesure et comprenant des sons as-
sociés aux mouvements du sujet, dans lequel ledit
agencement est configuré pour capturer des sons
concernant en particulier au moins un élément sé-
lectionné dans le groupe consistant en : un mouve-
ment respiratoire, un mouvement du corps, un mou-
vement de tissu et un mouvement de membre,
configuré pour mémoriser au moins une partie des
données sonores enregistrées dans ladite mémoire
(118), et

configuré pour arréter I'enregistrement, a la fin de la
période de mesure, en réponse a I'expiration d’'un
registre d’horloge ou a la réception d’'informations
de commande, et caractérisé en ce que

ledit agencement comprend en outre un matériau
modifiant le son (302) a positionner dans un trajet
de son de maniere a modifier intentionnellement le
contenu spectral du son associé au mouvement du
sujet pour qu’il tombe dans la plage préférée par
rapport a I'appareil selon un critére prédéterminé
avant la réception par le microphone de I'appareil,
dans lequel le matériau est configuré pour convertir
a des fréquences plus élevées le son associé au
mouvement.

Agencement selon la revendication 6, comprenant
au moins un appareil électronique portable d’utilisa-
teur comprenant ledit microphone (112), ladite unité
de traitement (114), ladite mémoire (118) et lesdits
moyens d’entrée d'utilisateur (120), et dans lequel
ledit appareil comprend en outre, en option, des
moyens de communication (116) pour transmettre
des données sonores a une entité a distance.

Agencement selon la revendication 6 ou 7, dans le-
quel lesdites informations de commande sont obte-
nues par l'intermédiaire desdits moyens de commu-
nication (116).

Agencement selon I'une quelconque des revendica-
tions 6 a 8, dans lequel lesdits moyens de fixation
(110) comprennent au moins un élément sélectionné
dans le groupe consistant en une sangle, un crochet,
une pince, un fermoir, une découpe, une protubé-
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rance, une bande, une surface adhésive, une bande
élastique, une poche, un socle, un montage et un
évidement, ledit agencement comprenant, en op-
tion, un matériau textile, tel qu’'un vétement ou une
couverture, comprenant lesdits moyens de fixation,
ledit vétement comprenant, en option, au moins un
élément sélectionné dans le groupe consistant en :
une chemise, un maillot de corps, une chaussette,
un pantalon, un gant et un bracelet.

Agencement selon I'une quelconque des revendica-
tions 6 a9, dans lequel ledit microphone ou au moins
une partie dudit appareil électronique d'utilisateur
estrevétu, en option, dudit matériau modifiantle son,
ou ledit agencement comprend en outre, en option,
un objet revétu dudit matériau modifiant le son, com-
prenant une couche de celui-ci, ou étant réalisé avec
celui-ci, moyennant quoi ledit objet est, en option,
un élément sélectionné dans le groupe consistant
en: un drap, une couverture, une chaussette, un
pantalon, un maillot de corps, une chemise, une
ceinture et une housse, et ledit objet comprenant en
outre, en option, au moins un élément sélectionné
dans le groupe consistant en : un motif en fil métal-
lique, un rivet, un feuillet et une perle en matiére
plastique.

Agencement selon I'une quelconque des revendica-
tions 6 a 10, comprenant en outre un maillot de corps
(310) congu pour recevoir un appareil d’enregistre-
ment de son et comprenant un certain nombre de
couches configurées pour s’adapter de maniére
élastique aux mouvements respiratoires du sujet.

Utilisation d’un appareil électronique portable d’uti-
lisateur, tel qu’'une machine de dictée, un enregis-
treur de son ou de musique tel qu’un enregistreur
MP3, un terminal mobile, ou un assistant numérique
personnel, capable d’enregistrer un son en effec-
tuant des mesures basées sur un son de phénome-
nes physiologiques associés au sommeil ou de phé-
nomenes anormaux associés a des désordres du
sommeil, dans laquelle ledit appareil est positionné
a une distance prédéterminée d’'un sujet, ledit sujet
étant un humain ou un animal, et configuré pour en-
registrer en continu, pendant la période de mesure,
un signal sonore numérique obtenu en utilisant au
moins un microphone de maniére a capturer des
sons associés aux mouvements du sujet, et de sorte
que les sons associés aux mouvements du sujet
concernent au moins un élément sélectionné dans
le groupe consistant en : un mouvementrespiratoire,
un mouvement du corps, un mouvement de tissu et
un mouvement de membre, dans laquelle un maté-
riau modifiant le son est positionné sur un trajet de
son de maniére a modifier intentionnellement le con-
tenu spectral du son pour qu’il tombe dans la plage
préférée par rapport a I'appareil selon une condition
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prédéterminée avant la réception par le microphone,
et dans laquelle le matériau est configuré pour con-
vertir en des fréquences plus élevées le son associé
au mouvement.

Utilisation d’'un vétement comprenant un matériau
modifiant le son prédéterminé en mesurant des phé-
nomenes physiologiques associés au sommeil ou
des désordres dusommeil d’'un sujet, ledit sujet étant
un humain ou un animal, et un microphone d’un ap-
pareil électronique portable d’utilisateur étant utilisé
pour capturer des sons associés aux mouvements
du sujet, les sons associés aux mouvements du sujet
concernant au moins un élément sélectionné dans
le groupe consistanten : un mouvementrespiratoire,
un mouvement du corps, un mouvement de tissu et
un mouvement de membre, dans laquelle ledit vé-
tement comprenant ledit matériau prédéterminé est
positionné sur un trajet de son de maniére a modifier
intentionnellement le contenu spectral du son pour
qu’il tombe dans la plage préférée par rapport a I'ap-
pareil selon une condition prédéterminée avant la
réception par le microphone, dans laquelle le maté-
riau est configuré pour convertir en des fréquences
plus élevées le son associé au mouvement.

Procédé selon I'une quelconque des revendications
1a5, comprenant en outre, tels qu’exécutés par des
moyens formant code exécutés sur un ordinateur,
ce qui suit :

-laréception etle décodage, en option, du signal
audio enregistré numériquement par I'appareil
électronique portable d’utilisateur en utilisant
une fonction d’enregistrement de son continu,
- lefiltrage du signal audio en utilisant un filirage
numérique tel qu’un filtrage médian,

- la détection des périodes de mouvements ou
des pauses, des irrégularités ou d’une absence
de mouvements dans des motifs de mouvement
réguliers du sujet dans le signal audio par rap-
port a I'activité d’arriere-plan selon un critére de
préférence adaptatif pour une ou plusieurs ca-
ractéristiques de détection telles que des ni-
veaux de détection, dans lequel une caractéris-
tiqgue de détection comprend, en option, la dé-
termination d’un niveau de détection indiquant
un niveau de signal au-dessous duquel le signal
audio comprend sensiblement seulement une
activité d’arriére-plan avec une probabilité éle-
vée, moyennant quoi un événement a analyser
est identifié lorsque le signal dépasse le niveau
de détection,

-I'exécution d’'une analyse statistique ou mathé-
matique des mouvements détectés et/ou des
pauses entre les mouvements détectés, ladite
analyse comprenant la détermination d’un cer-
tain nombre d’attributs comprenant au moins un
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attribut sélectionné dans le groupe consistant
en :un nombre, une forme, une distribution, une
durée et une fréquence des mouvements détec-
tés et/ou des pauses, et

- le rendu du signal, d’'une partie de celui-ci ou
d’au moins un résultat d’analyse pour une visua-
lisation sur un afficheur avec une résolution tem-
porelle d’origine ou compressée pour permettre
une analyse supplémentaire et un examen vi-
suel de la condition médicale du sujet par un
personnel formé utilisant I'ordinateur.

15. Utilisation d’un matériau de revétement modifiant un

son prédéterminé lors de la mesure de phénoménes
physiologiques associés au sommeil ou de désor-
dres du sommeil d’'un sujet, ledit sujet étant un hu-
main, ou un animal, et un microphone étant utilisé
pour capturer des sons associés aux mouvements
du sujet, dans laquelle ledit microphone ou appareil
comprenant ledit microphone est au moins partiel-
lement revétu dudit matériau modifiant le son pré-
déterminé positionné de ce fait sur un trajet de son
de maniere a modifier intentionnellement le contenu
spectral du son selon une condition prédéterminée
avant la réception par le microphone, les sons as-
sociés aux mouvements du sujet concernant au
moins un élément sélectionné dans le groupe con-
sistant en : un mouvement respiratoire, un mouve-
ment du corps, un mouvement de tissu et un mou-
vement de membre, dans laquelle le matériau est
configuré pour convertir en des fréquences plus éle-
vées le son associé au mouvement.
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