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Description
FIELD OF THE INVENTION

[0001] The invention relates to a sleep signal condi-
tioning device, method and system for a sleep monitor.
The invention further relates to a computer program prod-
uct comprising instructions for causing a processor sys-
tem to perform the method.

[0002] A sleep monitor may be used to detect the sleep
of a mammal, such as a human, for example an infant or
a baby. Especially for infants, parents or medical person-
nel may want to monitor the sleep process. During sleep
the mammal may exhibit (gross) body movement as well
as emanate physiological signals, such as cardiac or res-
piratory signals that may be picked up by sensors of a
sleep monitor. A sensor for monitoring body movement
is typically configured for sensing relatively large ampli-
tude signals compared to sensors for monitoring a phys-
iological signal.

[0003] A sensor able to sense both body movement
and physiological signals with an adequate accuracy re-
quires a large dynamic range. Dynamic range, abbrevi-
ated DR or DNR, is defined as the ratio between the
largest and smallest values of a changeable quantity.

BACKGROUND OF THE INVENTION

[0004] Itis known that piezoelectric sensors positioned
under a mattress are suitable for extracting physiological
signals, such as cardiac or respiratory signals during little
to no motion, and are also suitable for extracting (gross)
body movement when the person lying on top of the mat-
tress is moving.

[0005] However, in practice it turns out that a huge dy-
namic range is required to capture both the physiological
signals during little to no motion, which are extremely low
amplitude signals and the movement signals during mo-
tion, which are extremely large amplitude signals. There-
fore sleep signal conditioning devices are typically con-
figured to condition the sensor signals to enable meas-
uring the physiological signals in the presence of large
signals.

[0006] WO2015/078940 proposes to apply an adjust-
able attenuation to the sensor signal, such that small and
large amplitude sensor signals are measurable. The
magnitude attenuation factor is taken into account when
determining the biophysical variable.

[0007] WO 2013/179189 A1 discloses a cardiac activ-
ity and respiratory activity, which are monitored of a per-
son lying on a surface of a supporting system. A first
signal is generated by sampling a magnitude of a first
physical quantity that is representative of the ballistic ef-
fectof cardiac activity in the horizontal direction. A second
signal is generated by sampling the magnitude of a sec-
ond physical quantity. The second physical quantity is
representative of a change in a pushing effect of the body
on the surface in a vertical direction. The changing push-
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ing effect is due to a combination of the expanding and
contracting of the body as a result of respiratory activity
and of the ballistic effect of cardiac activity in the vertical
direction. The first signal and the second signal are proc-
essed to extract information about the ballistic effect of
the cardiac activity in both the horizontal direction and
the vertical direction, and a fourth signal representative
of respiratory activity. The first signal is used for identi-
fying in the second signal a contribution from the ballistic
effect of cardiac activity in the vertical direction.

[0008] US 2009/0093687 A1 discloses a method of
communicating with a physiological sensor. In an em-
bodiment, the method includes supplying power through
afirstconductorin afirstmode to the physiological sensor
and communicating with an information element through
the first conductor in a second mode. The physiological
sensor includes the information element, a power supply
configured to receive and store power from the first con-
ductor in the first mode, and sensing circuitry configured
to receive power from the first conductor in the first mode.
The power supply releases the stored power to the sens-
ing circuitry in the second mode.

[0009] US 2016/0007870 A1 provides a method of
processing a signal representing a physiological rhythm
of a subject, wherein the method comprises the steps of
receiving the signal from the subject, filtering the signal
with a band pass filter, extracting an analysis window
from the filtered signal, performing a plurality of interval
length estimation methods on the filtered signal in the
analysis window, summing the outputs of the plurality of
interval length estimation methods, and determining an
interval length from the sum of the outputs of the plurality
of interval length estimation methods.

[0010] WO 2015/078937 A1 discloses a sleep moni-
toring device for monitoring sleep states of a human, the
sleep monitoring device is configured to receive move-
ment data of the resting human from a movement meas-
urement device, the sleep monitoring device comprises
a movement data analyzer configured to compute from
the movement data at least: heart beat data and respi-
ration data, and physical activity, a data classifier config-
ure to determine a heart rate regularity valuation of the
heart beat data within a time interval, and to determine
a respiration regularity valuation of the respiration data
within the time interval, a sleep classifier configured to
obtain a sleep state for the time interval from at least the
respiration regularity valuation and the heart rate regu-
larity valuation.

[0011] US 2015/0216475 A1 discloses electrodes and
methods to determine physiological states using a wear-
able device (or carried device) and one or more sensors
that can be subject to motion. A method includes receiv-
ing a sensor signal including data representing physio-
logical characteristics in a wearable device from a distal
end of a limb and a motion sensor signal. The method
includes decomposing at a processor the sensor signal
to determine physiological signal components. A physi-
ological characteristic signal is generated that includes
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data representing a physiological characteristic, which
can form a basis to determine a physiological state based
on, for example, bioimpedance signals originating from
the distal end of the limb.

SUMMARY OF THE INVENTION

[0012] It would be advantageous to have a device, a
method or a system for conditioning the measured sensor
signals to mitigate the drawback of having an adjustable
attenuation circuit. The invention is set out in the append-
ed claims.

[0013] According to an aspect of the invention a sleep
signal conditioning device for a sleep monitor comprises
a first processing unit configured to provide a first param-
eter indicative of the magnitude of a first sensor signal
sensed by afirst sleep sensor configured to sense a phys-
iological signal from a sleeping mammal; a second
processing unit configured to provide a second parame-
ter indicative of the magnitude of a second sensor signal
sensed by a second sleep sensor configured to sense a
physiological signal from the sleeping mammal, wherein
the first sensor signal is different from the second sensor
signal; a clipping detector configured to detect when the
first sensor signal is clipping; a divider configured to cal-
culate a ratio based on dividing the first parameter by the
second parameter when the first sensor signal is not clip-
ping; a multiplier configured to generate an estimated
first sensor signal based on multiplying a second output
signal based on the second sensor signal by the ratio;
and a switch configured to provide a first output sleep
signal based on the estimated first sensor signal when
detecting that the first sensor signal is clipping and a first
output signal based on the first sensor signal when de-
tecting that the first sensor signal is not clipping.

[0014] According to another aspect of the invention, a
sleep signal conditioning method for a sleep monitor
comprises the steps of processing a first sensor signal
for providing a first parameter indicative of the magnitude
of the first sensor signal from a first sleep sensor sensing
a physiological signal from a sleeping mammal; process-
ing a second sensor signal for providing a second pa-
rameter indicative of the magnitude of the second sensor
signal from a second sleep sensor sensing a physiolog-
ical signal from the sleeping mammal, wherein the first
sensor signal is different from the second sensor signal;
detecting when the first sensor signal is clipping; calcu-
lating a ratio based on dividing the first parameter by the
second parameter when the first sensor signal is not clip-
ping; generating an estimated first sensor signal based
on multiplying a second output signal based on the sec-
ond sensor signal by the ratio; and providing a first output
sleep signal based on the estimated first sensor signal
when detecting that the first sensor signal is clipping and
a first output signal based on the first sensor signal when
detecting that the first sensor signal is not clipping.
[0015] The invention mitigates the above drawback in
a multi-sensor configuration by determining a first esti-
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mated signal to replace a first clipped signal based on a
second sensor signal from a different sensor and a ratio
of the first sensor signal to the second sensor signal.
During motion the energy of clipped signal portions is
estimated from non-clipped signal portions of different
sensor signals and a relative energy profile called ratio
thatis constructed in the background. The ratio between
the first and second sensor signal is established by said
divider in a time period that the first sensor signal is not
clipping. The divider receives respective parameters in-
dicative of the magnitude of the respective signals, so
not the signal itself but rather a parameter related to the
magnitude of the signal, e.g. the amplitude of the signal,
the envelope of the signal or the power of the signal.
Such parameters of respective different sensor signals
are divided to determine the ratio in a period when the
signals are not clipping. The multiplier multiplies the sec-
ond sensor signal by the ratio to provide an estimate of
the first sensor signal, which estimate is switched to the
sleep signal output during clipping of the first sensor sig-
nal. The first and second sensor signal may be condi-
tioned versions of the corresponding sensor signals,
while the conditioning may be shared with said process-
ing for determining the respective parameters. Hence the
invention provides a solution using multiple sensors in
sleep monitoring system with a limited dynamic range in
an environment with large differences in amplitude of the
monitored signals.

[0016] Theinventors considered extending the dynam-
ic range by using a sensor with a logarithmic scale. Log-
arithmic sensors are able to measure high amplitude and
low amplitude providing a high dynamic range. A disad-
vantage of these logarithmic sensors is that they are typ-
ically more complex. Therefore, a linear sensor in com-
bination with a sleep signal conditioning device that
copes with the large dynamic range is proposed. The
conditioning device provides an output sleep signal pro-
portional to the linear sensor signal by using the estimat-
ed ratio when sensor signals are clipping. The proposed
signal conditioning device advantageously provides an
accurate signal of physiological signals during sleep,
while also providing a proportionally correct signal during
gross body movement. So the conditioning device in ef-
fect restores or approximates the original dynamic range
by using the estimated signal during clipping.

[0017] In an embodiment, the parameter indicative of
the magnitude of the signal may be an amplitude estima-
tion or an energy estimation of the signal. The energy of
a signal is typically represented by the square of the sig-
nal. Another example of processing to derive the param-
eter indicative of the magnitude may be to take a peak-
to-peak value, the average amplitude or the absolute val-
ue of the signal. The absolute value of the signal provides
the advantage that typically in sleep monitoring the in-
tensity is of interest and not the sign of the signal.
[0018] The processing of the signal may involve
processing of multiple values of the signal in afilter, such
as with a FIR or IR filter. Such a filter provides a more
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stable processed signal over a time period.

[0019] Optionally in the device at least one of the
processing units is arranged to determine the parameter
indicative of the magnitude of the signal based also on
a signal portion after a preceding signal portion where
the first sensor signal was clipping, while the divider is
arranged to use the determined parameter in the calcu-
lation of the ratio used during said preceding signal por-
tion. Such conditioning device may be considered a non-
real-time conditioning device. The device provides a ratio
based on not only previous or current samples of a first
and second sensor signal, but also on subsequent sam-
ples of the first and second sensor signal after a period
of clipping. For example, such a non-real time device
may introduce a large latency, e.g. recording a whole
night of data, and only after having received the whole
night of data, the above processing is started on the
stored data.

[0020] Optionally in the device an ability to extract res-
piratory and cardiac features from a current signal portion
is determined and the divider is arranged in dependence
thereon to control whether or not to include the current
signal portion in the calculation of the ratio. Alternatively,
or additionally to filtering the energy values over time
before updating the energy ratios to obtain a stable rel-
ative energy ratio matrix, the ability to extract respiratory
and cardiac features may be employed to determine
whether or not to include the current signal portion in the
determination of the relative energy ratio mix. This means
that only when the signal contained respiratory and car-
diac information, and by that it is a stable signal, it is
included.

[0021] Optionally, the device comprises a first condi-
tioning unit configured to condition the first sensor signal
to the first output signal and a second conditioning unit
configured to condition the second sensor signal to the
second output signal.

[0022] Optionally the first parameter as provided by
the first processing circuit constitutes the first output sig-
nal and the second parameter as provided by the second
processing circuit constitutes the second output signal.
[0023] Optionally in the device the first and/or second
processing units are arranged to prohibit that respectively
the first and/or second sensor signals influence the ratio
when at least one of the first and second sensor signals
are clipping.

[0024] Optionally the device comprises a plurality of
processing units configured to process a plurality of sen-
sor signals from a respective plurality of sleep sensors;
a plurality of clipping detectors configured to detect when
a respective one of the sensor signals is clipping; at least
one divider configured to calculate a ratio matrix, wherein
each element of the ratio matrix is a ratio based on di-
viding, when the respective sensor signals are not clip-
ping, respective parameters indicative of the amplitude
of respective sensor signals; at least one multiplier con-
figured to generate at least one respective estimated sig-
nal based on multiplying a selected output signal based
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on a selected other one of the sensor signals by the re-
spective element of the ratio matrix; and a plurality of
switches configured to provide per switch a respective
sleep output signal based on the respective estimated
signal when detecting that the respective signal is clip-
ping and based on a respective output signal based on
the respective signal when detecting that the respective
signal is not clipping. Advantageously, when a specific
sensor signal is clipping, from the plurality of sensor sig-
nals one other sensor signal is selected from the plurality
so as to provide the respective estimated output signal
by multiplying that selected output signal by a corre-
sponding element from the ratio matrix defining the ratio
between the output signal of the clipping sensor and the
selected other sensor. The selection may be based on
determining which sensors are clipping, and/or which
sensors have the closest relation to the clipping sensor,
e.g. based on position of the sensors or signal quality.
[0025] According to another aspect of the invention, a
computer program or a computer readable medium may
have computer readable code embodied therein, the
computer readable code being such that, on execution
by a suitable computer or processor, the computer or
processor is caused to perform the method as mentioned
previously.

[0026] Modifications and variations of the system
and/or the computer program product, which correspond
to the described modifications and variations of the meth-
od, can be carried out by a person skilled in the art on
the basis of the present description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and other aspects of the invention are
apparent from and will be elucidated with reference to
the embodiments described hereinafter. In the drawings,

Fig. 1 schematically shows a sleep monitoring sys-
tem comprising a first sensor, a second sensor and
a sleep signal conditioning device.

Fig. 2 schematically shows a sleep signal condition-
ing method for a sleep monitor.

Fig. 3 schematically shows an alternative sleep sig-
nal conditioning method for a sleep monitor.

Fig. 4 schematically shows an embodiment of a com-
puter program product, computer readable medium
and/or non-transitory computer readable storage
medium according to the invention.

[0028] It is noted that the figures are purely diagram-
matic and not drawn to scale. In the figures, elements
which correspond to elements already described may
have the same reference numerals.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0029] Ballistocardiography may be based on piezo-
electric sensors. One or more piezo-electric sensors are
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putina module thatis placed under the mattress. A piezo-
electric sensor will produce a small voltage when pres-
sure is applied on it. Therefore, by logging the voltage of
the sensor, movements of the person lying on top of the
mattress are being captured. As it turns out, these sen-
sors can be sufficiently sensitive to even capture respi-
ratory and cardiac signals when the person lying on top
of the mattress is lying still. So parameters are captured
related to sleep: (gross body) movement, cardiac fea-
tures (e.g. heart rate) and respiratory features (e.g. res-
piration rate).

[0030] Applying multiple sensors allows estimating the
position and/or orientation of the baby/person. For sleep
monitoring sensors are usually positioned in, under, ad-
jacent to or in proximity of a mattress. For example, the
sensors may be positioned on a frame supporting the
mattress or positioned adjacent or inside the mattress.
The sensors should be positioned such that a pressure
fluctuation propagates to the sensors. The sensors may
be spaced some distance from each other. The sensors
may also have a dynamic range and/or accuracy distinct,
such as different, from each other.

[0031] A mammal, such as a person, may be using the
mattress for sleeping. During sleeping the subject will
breathe, have a heart beat and may also move. A sensor
for measuring this diverse range of properties needs to
have a high dynamic range as well as a high accuracy.
Without resorting to the use of very specialised and/or
costly sensors and signal processing, the invention uses
a sensor signal from one sensor to compensate for an-
other sensor signal that is clipping, as described below.
[0032] Sleep sensors are for sensing (gross) body
movement and one or more physiological signals, such
as a cardiac or respiratory signal. A sleep sensor may
be a sensor comprising a pressure plate. A sleep sensor
may be a piezoelectric sensor, such as a piezoelectric
pressure sensor or piezoelectric strain sensor. In an em-
bodiment a single sensor device comprises multiple pi-
ezo sensors, e.g. an arrangement of four sensors. The
four sensors are arranged to the four corners of a square
or rectangle.

[0033] Piezoelectric sensors suitable for extracting
physiological signals, such as cardiac or respiratory sig-
nals during little to no motion, are also suitable for ex-
tracting (gross) body movement when the person lying
on top of a mattress is moving. However, in practice it
turns outthat a huge dynamicrange is required to capture
both the physiological signals during little to no motion
producing extremely low amplitude signals and the
movement during motion producing extremely large am-
plitude signals. As a consequence, often the circuitry
picking up the analogue voltage from the piezoelectric
sensor(s) is configured in such a way that there is suffi-
cient detail in the signals to capture the cardiac and res-
piratory features. Drawback of this is that the signals dur-
ing motion are often clipped making it impossible to as-
sess the level of motion. One can then only detect that
there was motion, it is mostly impossible to assess the
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level or intensity of motion.

[0034] Fig. 1 schematically shows an example of a
sleep monitoring system 200 comprising a first sensor
210, asecond sensor 220 and a sleep signal conditioning
device 100. The first and second sensors are coupled to
respective inputs of the conditioning device for providing
afirst sensor signal 110 and a second sensor signal 120.
After conditioning the first sensor signal the conditioning
device provides a conditioned sleep output signal 170
based on conditioning the first sensor signal. The sleep
output signal may be coupled to a sleep monitor. In the
further text generating and using only a single signal is
discussed. In practice (not shown), in addition to provid-
ing the first sleep signal output 170, typically similar sleep
output signals would be generated based on the condi-
tioned signals from the second and further sensors using
corresponding processing circuitry.

[0035] The sleep monitoring system may further com-
prise a sleep monitor (not shown) for monitoring the sleep
output signal 170 received from the conditioning device
100. The sleep monitor may be arranged to detect wheth-
er the mammal is actually sleeping or awake, and may
further classify the sleep or sleep patterns over time. In
a basic embodiment the output sleep signal 170 of Fig.
1 would be fed to a sleep/wake classifier, e.g. a Naive
Bayes classifier, to provide a prediction of whether the
person/mammal is sleeping or not. Sleep detectors and
classifiers are known as such, for example from patent
documents US6280392 or WO2015/078940.

[0036] In a practical embodiment the sleep signal con-
ditioning device 100 may be implemented in an integrat-
ed circuit or as a module on a printed circuit board car-
rying the conditioning circuit. Such conditioning circuit
may be combined with the sleep monitor and/or the sen-
sors to constitute a single device.

[0037] The conditioning circuit may comprise afirst an-
alogue-to-digital converter (ADC) 114 for providing a first
digital sensor signal 111. The conditioning circuit may
comprise a second ADC 124 for providing a second sen-
sor signal 121. Typically, the first and second sensor sig-
nals are digitized and the digitized sensor signals are
provided to the clipping detector and the first and second
processing units. However processing of the analogue
signals is also possible. The ADC may also be shared
by multiplexing various signals, and may be preceded by
an amplifier,

[0038] The sleep signal conditioning device may com-
prise a first sensor signal conditioning unit CO1 118 and
a second sensor signal conditioning unit CO2 119 for
conditioning the input sensor signal, for example buffer-
ing, scaling, noise filtering or frequency shaping such as
band pass, high pass or low pass filtering. So the input
sensor signals are conditioned to provide a conditioned
sleep output signal. The conditioned first output signal
may be analogue or digital. The conditioning may include
scaling first output signal according to a logarithmic scale
to provide a high accuracy of the first output signal at low
amplitudes of a first sensor signal while still being able
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to provide signals representing high amplitude of the first
sensor signal.

[0039] The conditioning may also include normalising
the sleep output signal. Normalisation in the context of
the invention means that the measured signals of differ-
ent sensors are scaled to represent a same reference
level. Normalisation may improve the performance of
sleep detection and classification substantially. Normal-
isation in the context of the invention may involve posi-
tioning the measured signal in a range from 0 to 1 by
scaling the complete signal to fit on this range. However,
use of normalisation requires signals without clipping,
because clipping would disturb the normalisation. Nor-
malisation is typically done over a certain time period.
This time period may vary from several minutes, an hour,
several hours, a sleep cycle over even several sleep cy-
cles. Such signals where clipping is corrected are pro-
vided by the conditioning device.

[0040] The conditioning circuit 100 comprises a first
processing unit PR1 115 for processing the first sensor
signal 110 for providing a first parameter 117, and a sec-
ond processing unit PR2 125 for processing the second
sensor signal 120 for providing a second parameter 127.
The processing for determining the respective parame-
ters may be (partly) shared with the above conditioning
for determining the conditioned output signals. The
processing units may have a finite impulse response
(FIR) orinfinite impulse response (lIR)filter. The process-
ing units may be arranged to calculate the energy of the
sensor signal, e.g. by a square operation. The processing
unit may also comprise a combination of the above
processing examples.

[0041] The device as shown in Fig. 1 has first and sec-
ond conditioning units for conditioning the sensor signals
to output signals and separate first and second process-
ing units. Such processing may also be at least partly
shared. For example, the first parameter as provided by
the first processing circuit may constitute the first output
signal and the second parameter as provided by the sec-
ond processing circuit may constitute the second output
signal.

[0042] The conditioning circuit further comprises a clip-
ping detector 150 for detecting clipping of the first sensor
signal 110. The clipping detector provides a clipping sig-
nal 155 indicating the clipping of the first sensor signal.
Clipping may for example be detected if the signal from
the ADC has a consecutive sequence of signal values at
the maximum or minimum of the digital signal range of a
predetermined length.

[0043] The conditioning circuit further comprises a di-
vider 130 arranged to divide the first parameter 117 by
the second parameter 127. The divider provides a ratio
as output. So the ratio is calculated based on dividing
the firstparameter 117 derived from the first sensor signal
and the corresponding parameter 127 derived from the
second processed signal as provided by the respective
processing units PR1 and PR2. In the example it is as-
sumed that the first sensor signal is the larger signal and
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will start clipping, while the second sensor signal is not
clipping. Similar processing may be applied to also pro-
vide an estimate of the second sensor signal when the
second sensor signal is clipping based on a non-clipping
first sensor signal, and equally so for further sensor sig-
nals.

[0044] The ratio is calculated by the divider based on
undipped first and second sensor signals, so in a period
where both signal are relatively small. In an embodiment,
when processing or conditioning of the signals involves
multiple samples, such asin a FIR or lIR filter, information
whether the first and/or second sensor signals are clip-
ping may also be provided to the processing units PR1/2
and/or to the conditioning units CO1/2, which then may
interrupt the processing to prevent clipped first and sec-
ond sensor signals deteriorating their output signals. For
example, clipped signal values may be omitted, filtering
clock signals may be halted or a previous value may be
replicated.

[0045] The conditioning circuit further comprises a
multiplier MULT 135 for multiplying the ratio with the sec-
ond processed sensor signal. The multiplier provides as
output an estimated first sensor signal 140. The estimat-
ed signal is determined by multiplying the conditioned
second sensor signal from CO2 by the ratio established
by the divider.

[0046] In an embodiment the gain of the sensors is
different, e.g. the gain of the first sensor signal in an am-
plifier in the ADC unit is higher or the sensitivity of the
first sensor is higher than the second sensor. When de-
termining the ratio, the gain difference is automatically
taken into account by the divider because the processing
units receive the differing signals when not clipping.
When the ratio is above one due to a higher gain of the
first sensor signal, the first sensor signal will usually start
clipping first due to the higher gain. In a practical embod-
iment only high gain signals may be protected by the
above signal replacement circuitry.

[0047] The conditioning circuit further comprises a
switch 160. The switch is controlled by the clipping signal
155 of the clipping detector. The switch provides the con-
ditioned sleep output signal 170 based on the estimated
first sensor signal when detecting that the first sensor
signal is clipping and a first output signal based on the
first sensor signal when detecting that the first sensor
signal is not clipping. In the case the first sensor signal
is not clipping the conditioned first output is the first con-
ditioned sensor signal from unit CO1. In the case the first
sensor signal is clipping the conditioned first output is the
estimated first sensor signal 140.

[0048] In an embodiment, during clipping of the first
sensor signal processing of the first and/or second
processing unit may be temporarily stopped, e.g. by
maintaining the values present in the processing unit at
their current values when the clipping signal indicates
the start of clipping. Alternatively, during clipping of the
first sensor signal the input of the first and/or second
processing unit may be temporarily held at a stable or
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constantvalue. Alternatively, during clipping the ratio 132
may be kept stable or at a constant value. Alternatively,
a combination of the above options is possible during
clipping of the first sensor signal.

[0049] Although the signal processing as described in
this document may be (partly) implemented by analogue
units, a digital implementation is intended also. For ex-
ample, the switch in a digital implementation may be an
operation of overwriting a clipped signal by the estimated
value (scaled by the ratio) of one of the other signals.
The sleep signal conditioning device in the example may
have a first processing unit and a second processing unit.
However, the reader will understand that the processing
may be done by a shared processing unit alternating be-
tween processing and/or conditioning the first sensor sig-
nal and the second sensor signal and further signals.
Especially when the signals are digital, a shared signal
processor may perform the above processing based on
appropriate firmware. Such shared processing unit may
also perform clipping detection, switching, multiplying
and/or dividing.

[0050] The sensor signalis typically provided as digital
sensor signal or is amplified and digitized by the condi-
tioning device before being processed. Preferably clip-
ping detection is applied on the digitized signals. If digi-
tization is done by the conditioning device, the device
may comprise one analogue-to-digital converter (ADC)
with a multiplexer for providing the ADC with the different
analogue signals, an ADC per digitized signal or a hybrid
form. The sensor signals may be amplified before ADC
processing. The gain factor of the amplifier may be pre-
determined or adjustable by the sleep signal conditioning
device.

[0051] In an embodiment the sleep signal conditioning
device may provide multiple conditioned output sleep sig-
nals and comprise a plurality of processing units for
processing a plurality of signals from a respective plural-
ity of sleep sensors. Multiple ratios may be calculated
between some or all of the sensor signals. The calculation
of the ratios may be performed consecutively by provid-
ing the respective parameters to at least one divider. The
different ratios may be stored as elements of a ratio ma-
trix. For detecting the clipping of multiple signals the con-
ditioning device has one or more clipping detectors. One
clipping detector receiving multiple signals may be em-
ployed for detecting clipping of multiple signals. Alterna-
tively, each signal may have its own clipping detector.
[0052] The amount of switches or corresponding
switching operations in a digital implementation in the
device may be equal to the amount of conditioned output
sleep signals, while each switch receives a respective
estimated signal. Each estimated signal may be based
on multiplying one of the other sensor signals with the
respective ratio from the matrix. Multiple estimations of
a single clipping signal may be calculated, e.g. by multi-
plying all other sensor signals with the appropriate ratio
from the ratio matrix, and combined e.g. by an averaging.
The averaging may be a weighted average, wherein the
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weight may depend on signal strength, clipping, stability
and/or noise. In an alternative embodiment the device
may provide multiple estimations to respective outputs.
In an alternative embodiment the output signal may be
interleaved or a multiplexed signal comprising at least
two, preferably all, output signals.

[0053] Fig. 2 schematically shows a sleep signal con-
ditioning method 700 for a sleep monitor. The method
starts with processing PROC1 710 a first sensor signal
to provide a first conditioned signal and a first parameter.
The method continues with processing PROC2 720 a
second sensor signal to provide a second parameter and
a second conditioned signal. The steps of processing
PROC1, PROC2 the first and second sensor signals may
be swapped or done in parallel. The processing may in-
volve FIR or lIR filtering of the respective signal, or other
filtering or signal processing such as noise reduction,
known as such in the field of signal conditioning.

[0054] There are two typical ways in which the energy
levels can be determined: frame based or recursive. In
aframe based solution, the signal is segmented into small
portions of data, e.g. 5 seconds long. And the energy is
calculated for each portion:

h-1
E, .= sz[n +k-h]
n=0

where k denotes the frame index, ¢ denotes the channel
and h denotes the hop size.

[0055] In a recursive fashion the energy may be cal-
culated as:

E[n]c = aE[n — l]c +(1—a)x’[n]

Variations to both estimations can be realized, e.g. to
eliminate DC signal before estimating the energy.
[0056] The method thereafter continues with
DET_CLIP 730 for detecting if the first sensor signal is
clipping. The detection of clipping of the first sensor signal
in practice may be a continuous process in parallel with
processing of the first sensor signal, the second sensor
signal or further signals.

[0057] Clipping can be determined in a number of
ways. Most straightforward is to use the calculated en-
ergy to basically find large signal spikes. Alternatively, a
histogram could be constructed over a predefined win-
dow. If the histogram distribution has many values in the
clipping area, it could be classified as a clipped region.
[0058] The method continues with calculating a ratio
in step CALC RATIO 740. The ratio may be calculated
based on dividing the first processed signal by the second
processed signal. The calculation is to be done while the
first sensor signal is not clipping as detected in the step
DET_CLIP so that clipping of the first sensor signal has
no influence on the ratio. This may require that the ratio
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is maintained or stored, or not updated, as long as the
first sensor signal is clipping, because this prevents
clipped signal values to influence the filtering.

[0059] In a matrix various relative energy ratios may
be determined as follows. This can be visualized in the
form of a triangular ratio matrix, in the example of four
sensor channels:

E1 | E2 E3 E4
E1 | - E2/E1 | E3/E1 | E4/E1
E2 - E3/E2 | E4/E2
E3 - E4/E3
E4 -
[0060] Since it is desirable to use a stable relative en-

ergy ratio to estimate energy during clipping it is recom-
mended to low pass filter the energy ratios over time prior
to calculating the energy ratios. Itis noted that the recur-
sive energy estimation easily allows such filtering by
change of the parameter « in the above formula.
[0061] The method thereafter continues with step
GEN_EST_PRS1 750 by generating an estimated first
sensor signal. The estimated first sensor signal is based
on the multiplication of the second conditioned signal with
the ratio. Generating the estimated first sensor signal is
performed when it is detected that the first sensor signal
is clipping as detected in the step DET_CLIP.

[0062] The method thereafter continues with step
PROV_OUT 760 by providing an output signal to a first
sleep signal output. In the case the first sensor signal is
not clipping the first conditioned signal is provided to the
first sleep signal output. Otherwise the estimated first
sensor signal is provided to the first output. Hereafter the
method may repeat the above mentioned steps for con-
tinuously conditioning the first sensor signal.

[0063] In the above generating and outputting steps
the determined ratios may be applied as follows. Assume
that for our current frame k clipping is observed in chan-
nels 2, 3 and 4, whereas channel 1 is not considered as
being clipped. In that case the old (clipped) energy esti-
mate for channels 2, 3and 4 is being overwritten by taking
the energy of channel 1 and multiplying that by the (sta-
ble) ratios as determined above.

[0064] The methods generate and use only a single
signal, but in practice, typically multiple signals would be
generated for the second and further sensors using cor-
responding method steps.

[0065] The above presumes that the orientation of the
person, and therefore the relative levels of energy are
constant over time. Obviously, the relative levels may
change as soon as a person has moved. So after a period
of clipping the ratios may be recalculated using the pa-
rameters from after said period. Furthermore, if no real-
time behaviour is required, a gain profile both before and
after a clipping period may be used in establishing an
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energy ratio instead of just applying a ratio based on past
data only.

[0066] There may be situations in which all four chan-
nels clip, due to extremely strong motion. If so detected,
only alower bound for the motion may be calculated using
the signal with the smallest (stable) energy level as ref-
erence.

[0067] In an embodiment, alternatively to filtering the
energy values over time before updating the energy ra-
tios to obtain a stable relative energy ratio matrix, the
ability to extract respiratory and cardiac features may be
employed to determine whether or not to include the cur-
rent signal portion in the determination of the relative en-
ergy ratio mix. This means that only when itis determined
that a signal portion contained respiratory and cardiac
information, and by that it is determined to be a stable
and sufficiently reliable signal, the signal portion is in-
cluded. Such determination may, for example, be per-
formed in a detector circuit in the conditioning device or
in a sleep monitor coupled to the conditioning device.
[0068] Fig. 3 schematically shows an alternative sleep
signal conditioning method 800 for a sleep monitor. The
method starts with step DET_CLIP 830 by detecting clip-
ping of a first sensor signal. The method continues by
taking a decision CLIP? 835 on what is the next step in
the method based on if the first sensor signal is clipping
or not.

[0069] If the first sensor signal is not clipping the meth-
od continues with conditioning PROC1 810 of the first
sensor signal and deriving the first parameter indicative
of the magnitude thereof. After processing PROC1, the
first sensor signal the method continues with conditioning
PROC2 820 of the second sensor signal and deriving the
second parameter indicative of the magnitude thereof.
The processing steps may be swapped in order or exe-
cuted in parallel. The processing may involve multiple
samples of the signal, e.g. a FIR or lIR filtering. Deriving
the parameter indicative of the magnitude of the signal
may be an energy estimation of the signal. The energy
of a signal is typically represented by the quadrate of the
signal. Another example of processing may be to take
the absolute value of the signal. The processing unit may
also comprise a combination of the above processing
examples.

[0070] The processing of the second sensor signal
may be temporarily halted if the second sensor signal is
clipping. The processing of the first sensor signal may
also be temporarily halted if the first and second sensor
signals are clipping.

[0071] Afterprocessing the firstand second sensor sig-
nals, the method continuous with the step CALC_RATIO
840 of calculating a ratio. The ratio is based on dividing
the first parameter by the second parameter when the
first sensor signal is not clipping. Thereto parameter val-
ues may be buffered during clipping, the buffered values
being used during clipping.

[0072] Aftercalculating the ratio, the method continues
with the step PROV_PRS1 865 of providing the first con-
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ditioned signal to the first output. The step of providing
may be done any moment in time after processing
PROC1 of the first sensor signal, thus this step may be
swapped with or executed in parallel to the steps of
processing the second sensor signal or calculating. Next,
the method continues with the step of detect clipping
DET_CLIP.

[0073] If the first sensor signalis clipping at step CLIP?
the method continues with step PROC2 of conditioning
the second sensor signal. The processing of the second
sensor signal may depend on detecting if the second
sensor signal is also clipping.

[0074] After processing the second sensor signal, or
directly after the decision that the first sensor signal is
clipping, the method continues with the step
GEN_EST_PRS1 841 of generating an estimated first
sensor signal. The estimated first processed signal is
based on the multiplication of the second conditioned
signal with theratio. The processing of the second sensor
signal may be halted if it is detected that the second sen-
sor signal is also clipping, while the multiplier may use a
previous value of the second conditioned signal in the
multiplication. The method continues with the step
PROV_EST_PRS1 866 of providing the estimated first
sensor signal to the sleep signal output. The method con-
tinues with the step of detect clipping 830.

[0075] The method or device may also provide further
conditioned signals to a further sleep signal outputs.
[0076] In an embodiment the method or device may
also provide one or more clipping signals to respective
clip signal outputs.

[0077] It will be appreciated that the invention also ap-
plies to computer programs, particularly computer pro-
grams on or in a carrier, adapted to put the invention into
practice. The program may be in the form of a source
code, an object code, a code intermediate source and
an object code such as in a partially compiled form, orin
any other form suitable for use in the implementation of
the method according to the invention. It will also be ap-
preciated that such a program may have many different
architectural designs. For example, a program code im-
plementing the functionality of the method or system ac-
cording to the invention may be sub-divided into one or
more sub-routines. Many different ways of distributing
the functionality among these sub-routines will be appar-
entto the skilled person. The sub-routines may be stored
together in one executable file to form a self-contained
program. Such an executable file may comprise compu-
ter-executable instructions, for example, processor in-
structions and/or interpreter instructions (e.g. Java inter-
preter instructions). Alternatively, one or more or all of
the sub-routines may be stored in at least one external
library file and linked with a main program either statically
or dynamically, e.g. at run-time. The main program con-
tains at least one call to at least one of the sub-routines.
The sub-routines may also comprise function calls to
each other. An embodiment relating to a computer pro-
gram product comprises computer-executable instruc-
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tions corresponding to each processing stage of at least
one of the methods set forth herein. These instructions
may be sub-divided into sub-routines and/or stored in
one or more files that may be linked statically or dynam-
ically. Another embodiment relating to a computer pro-
gram product comprises computer-executable instruc-
tions corresponding to each means of at least one of the
systems and/or products set forth herein. These instruc-
tions may be sub-divided into sub-routines and/or stored
in one or more files that may be linked statically or dy-
namically.

[0078] The carrier of a computer program may be any
entity or device capable of carrying the program. For ex-
ample, the carrier may include a data storage, such as
a ROM, for example, a CD ROM or a semiconductor
ROM, or a magnetic recording medium, for example, a
hard disk. Furthermore, the carrier may be a transmissi-
ble carrier such as an electric or optical signal, which may
be conveyed via electric or optical cable or by radio or
other means. When the program is embodied in such a
signal, the carrier may be constituted by such a cable or
other device or means. Alternatively, the carrier may be
an integrated circuit in which the program is embedded,
the integrated circuit being adapted to perform, or used
in the performance of, the relevant method.

[0079] Fig. 4 schematically shows an embodiment of
a computer program product, computer readable medi-
um and/or non-transitory computer readable storage me-
dium 400 having a writable part410 including a computer
program 420, the computer program including instruc-
tions for causing a processor system to perform a method
according to the invention.

[0080] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. Use of the verb "comprise"
and its conjugations does not exclude the presence of
elements or stages other than those stated in a claim.
The article "a" or "an" preceding an element does not
exclude the presence of a plurality of such elements. The
invention may be implemented by means of hardware
comprising several distinct elements, and by means of a
suitably programmed computer. In the device claim enu-
merating several means, several of these means may be
embodied by one and the same item of hardware. The
mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a com-
bination of these measures cannot be used to advantage.
[0081] Examples, embodiments or optional features,
whether indicated as nonlimiting or not, are not to be
understood as limiting the invention as claimed.
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Claims

Sleep signal conditioning device (200) for a sleep
monitor, the device comprising:

- a first processing unit (115) configured to pro-
vide afirst parameter indicative of the magnitude
of a first sensor signal (110) sensed by a first
sleep sensor (210) configured to sense a phys-
iological signal from a sleeping mammal;

- a second processing unit (125) configured to
provide a second parameter indicative of the
magnitude of a second sensor signal (120)
sensed by a second sleep sensor (220) config-
ured to sense a physiological signal from the
sleeping mammal, wherein the first sensor sig-
nal is different from the second sensor signal;
characterized in that the device further com-
prises:

- a clipping detector (150) configured to de-
tect when the first sensor signal is clipping;
- a divider (130) configured to calculate a
ratio (132) based on dividing the first param-
eter by the second parameter when the first
sensor signal is not clipping;

- a multiplier (135) configured to generate
an estimated first sensor signal (140) based
on multiplying a second output signal based
on the second sensor signal by the ratio;
and

- a switch (160) configured to provide a first
output sleep signal (170) based on the es-
timated first sensor signal (140) when de-
tecting that the first sensor signal is clipping
and a first output signal based on the first
sensor signal when detecting that the first
sensor signal is not clipping.

Device according to claim 1, wherein the first and
second processing unit are arranged to provide an
amplitude or an energy as the parameter indicative
of the magnitude of the signal.

Device according to any of the preceding claims,
wherein the first and second processing unit com-
prise an IIR filter and/or FIR filter.

Device according to any of the preceding claims,
wherein at least one of the processing units is ar-
ranged to determine the parameter indicative of the
magnitude of the signal based also on a signal por-
tion after a preceding signal portion where the first
sensor signal was clipping, while the divider is ar-
ranged to use the determined parameter in the cal-
culation of the ratio used during said preceding signal
portion.
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5.

9.

Device according to any of the preceding claims,
wherein an ability to extract respiratory and cardiac
features from a current signal portion is determined
and the divider is arranged in dependence thereon
to control whether or not to include the current signal
portion in the calculation of the ratio.

Device according to any of the preceding claims,
wherein the device comprises a first conditioning unit
(118) configured to condition the first sensor signal
(110) to the first output signal and a second condi-
tioning unit (119) configured to condition the second
sensor signal (121) to the second output signal, or
thefirst parameter as provided by the first processing
circuit constitutes the first output signal and the sec-
ond parameter as provided by the second process-
ing circuit constitutes the second output signal.

Device according to any of the preceding claims,
wherein the device comprises a second clipping de-
tector configured to detect when the second sensor
signal is clipping; and the divider is arranged for cal-
culating the ratio when the second sensor signal is
not clipping.

Device according to any of the preceding claims,
comprising:

- a plurality of processing units configured to
process a plurality of sensor signals from a re-
spective plurality of sleep sensors;

- a plurality of clipping detectors configured to
detect when a respective one of the sensor sig-
nals is clipping;

- at least one divider configured to calculate a
ratio matrix, wherein each element of the ratio
matrix is a ratio based on dividing, when the re-
spective sensor signals are not clipping, respec-
tive parameters indicative of the amplitude of
respective sensor signals;

- at least one multiplier configured to generate
at least one respective estimated signal based
on multiplying a selected output signal based on
a selected other one of the sensor signals by
the respective element of the ratio matrix; and
- a plurality of switches configured to provide per
switch a respective sleep output signal based
on the respective estimated signal when detect-
ing that the respective signal is clipping and
based on a respective output signal based on
the respective signal when detecting that the re-
spective signal is not clipping.

Sleep monitoring system (200) comprising:
- a first sleep sensor (210) configured to sense

a physiological signal from a sleeping mammal;
- a second sleep sensor (220) configured to
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sense a physiological signal from the sleeping
mammal;

- a sleep signal conditioning device (100) ac-
cording to any of the preceding claims, wherein
the first sleep sensor is configured to provide
the first sensor signal (110) to the device and
the second sleep sensor is configured to provide
the second sensor signal (120) to the device;
and

- a sleep monitor configured to monitor the sleep
output signal (170) received from the sleep sig-
nal conditioning device (100).

System according to the preceding claim comprising
a mattress, wherein the first and second sleep sen-
sor are positioned in, adjacent of or in proximity of
the mattress for measuring the mammal asleep on
the mattress.

System according to any of the preceding claims
9-10, wherein the first and second sensors have a
different dynamic range and/or accuracy.

System according to any of the preceding claims
9-11, wherein the first and second sensors are pie-
zoelectric sensors.

System according to any of the preceding claims
9-12, wherein the first and second sensor are pres-
sure sensors configured to sense the physiological
signal, such as a hearth beat and/or a breathing,
and/or a movement of the mammal.

Sleep signal conditioning method (700, 800) for a
sleep monitor, comprising the steps of:

- processing (710, 810) a first sensor signal for
providing a first parameter indicative of the mag-
nitude of the first sensor signal from a first sleep
sensor sensing a physiological signal from a
sleeping mammail;

- processing (720, 820, 821) a second sensor
signal for providing a second parameter indica-
tive of the magnitude of the second sensor signal
from a second sleep sensor sensing a physio-
logical signal from the sleeping mammal, where-
in the first sensor signal is different from the sec-
ond sensor signal;

characterized by further comprising the steps of:

- detecting (730, 830) when the first sensor sig-
nal is clipping;

- calculating (740, 840) a ratio based on dividing
the first parameter by the second parameter
when the first sensor signal is not clipping;

- generating (750, 841) an estimated first sensor
signal based on multiplying a second output sig-
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nal based on the second sensor signal by the
ratio; and

- a switch (160) for providing a first output sleep
signal (170) based on the estimated first sensor
signal (140) when detecting that the first sensor
signal is clipping and a first output signal based
on the first sensor signal when detecting that the
first sensor signal is not clipping; and

- providing (760, 866) a first output sleep signal
based on the estimated first sensor signal when
detecting that the first sensor signal is clipping
and a first output signal based on the first sensor
signal when detecting that the first sensor signal
is not clipping.

15. A computer program product (400) comprising a

computer readable medium (410) having computer
readable code (420) embodied therein, the computer
readable code being configured such that, on exe-
cution by a suitable computer or processor, the com-
puter or processor is caused to perform the method
of claim 14.

Patentanspriiche

Schlafsignal-Konditionierungsvorrichtung (200) fur
einen Schlafmonitor, wobei die Vorrichtung umfasst:

- eine erste Verarbeitungseinheit (115), die kon-
figuriertist, einen ersten Parameter bereitzustel-
len, der die GréRe eines ersten Sensorsignals
(110) anzeigt, das von einem ersten Schlafsen-
sor (210) erfasst wird, der konfiguriert ist, ein
physiologisches Signal von einem schlafenden
Saugetier zu erfassen;

- eine zweite Verarbeitungseinheit (125), die
konfiguriert ist, einen zweiten Parameter bereit-
zustellen, der die GroRe eines zweiten Sensor-
signals (120) anzeigt, das von einem zweiten
Schlafsensor (220) erfasst wird, der konfiguriert
ist, ein physiologisches Signal von dem schla-
fenden Saugetier zu erfassen, wobei das erste
Sensorsignal vom zweiten Sensorsignal ver-
schieden ist; dadurch gekennzeichnet, dass
die Vorrichtung weiter umfasst:

- einen Begrenzungsdetektor (150), der
konfiguriert ist, zu erkennen, wann das ers-
te Sensorsignal begrenzt ist;

- einen Teiler (130), der konfiguriert ist, ein
Verhaltnis (132) basierend auf dem Teilen
des ersten Parameters durch den zweiten
Parameter zu berechnen, wenn das erste
Sensorsignal nicht begrenzt ist;

- einen Multiplizierer (135), der konfiguriert
ist, ein geschatztes erstes Sensorsignal
(140) basierend auf dem Multiplizieren ei-
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nes zweiten Ausgangssignals basierend
auf dem zweiten Sensorsignal mitdem Ver-
haltnis zu erzeugen; und

- einen Schalter (160), der konfiguriert ist,
ein erstes Ausgangsschlafsignal (170) ba-
sierend auf dem geschatzten ersten Sen-
sorsignal (140) bereitzustellen, wenn er-
kanntwird, dass das erste Sensorsignal be-
grenzt ist, und ein erstes Ausgangssignal
basierend auf dem ersten Sensorsignal,
wenn erkannt wird, dass das erste Sensor-
signal nicht begrenzt ist.

Vorrichtung nach Anspruch 1, wobei die erste und
die zweite Verarbeitungseinheit ausgelegt sind, eine
Amplitude oder eine Energie als den Parameter be-
reitzustellen, der die GrolRe des Signals anzeigt.

Vorrichtung nach einem der vorstehenden Ansprii-
che, wobei die erste und die zweite Verarbeitungs-
einheit einen IIR-Filter und/oder einen FIR-Filter um-
fassen.

Vorrichtung nach einem der vorstehenden Ansprii-
che, wobei mindestens eine der Verarbeitungsein-
heiten ausgelegt ist, den Parameter, der die GréRe
des Signals anzeigt, auch basierend auf einem Sig-
nalabschnitt nach einem vorhergehenden Signalab-
schnitt zu bestimmen, bei dem das erste Sensorsi-
gnal begrenzt wurde, wahrend der Teiler ausgelegt
ist, den bestimmten Parameter bei der Berechnung
des Verhaltnisses zu verwenden, das wahrend des
vorhergehenden Signalabschnitts verwendet wird.

Vorrichtung nach einem der vorstehenden Anspri-
che, wobei eine Fahigkeit zum Extrahieren von At-
mungs- und Herzmerkmalen aus einem Stromsig-
nalanteil bestimmt wird und der Teiler in Abhangig-
keit davon ausgelegt ist, zu steuern, ob der Strom-
signalabschnitt in die Berechnung des Verhaltnisses
eingeschlossen werden soll oder nicht.

Vorrichtung nach einem der vorstehenden Ansprii-
che, wobei die Vorrichtung eine erste Konditionie-
rungseinheit (118) umfasst, die konfiguriert ist, das
erste Sensorsignal (110) zum ersten Ausgangssig-
nal zu konditionieren, und eine zweite Konditionie-
rungseinheit (119), die konfiguriert ist, das zweite
Sensorsignals (121) zum zweiten Ausgangssignal
zu konditionieren, oder

der erste Parameter, wie er von der ersten Verarbei-
tungsschaltung bereitgestellt wird, das erste Aus-
gangssignal bildet und der zweite Parameter, wie er
von der zweiten Verarbeitungsschaltung bereitge-
stellt wird, das zweite Ausgangssignal bildet.

Vorrichtung nach einem der vorstehenden Anspri-
che, wobei die Vorrichtung einen zweiten Begren-
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zungsdetektor umfasst, der konfiguriertist, zu erken-
nen, wann das zweite Sensorsignal begrenztist; und
der Teiler zum Berechnen des Verhaltnisses, wann
das zweite Sensorsignal nicht begrenzt ist, ausge-
legt ist.

Vorrichtung nach einem der vorstehenden Anspri-
che, umfassend:

- eine Vielzahl von Verarbeitungseinheiten, die
konfiguriert sind, eine Vielzahl von Sensorsig-
nalen von einer jeweiligen Vielzahl von Schlaf-
sensoren zu verarbeiten;

- eine Vielzahl von Begrenzungsdetektoren, die
konfiguriert sind, zu erkennen, wann ein jewei-
liges der Sensorsignale begrenzt ist;

- mindestens einen Teiler, der zum Berechnen
einer Verhaltnismatrix konfiguriert ist, wobei je-
des Element der Verhaltnismatrix ein Verhaltnis
ist, das auf dem Teilen der jeweiligen Parameter
basiert, die die Amplitude der jeweiligen Sen-
sorsignale angeben, wenn die jeweiligen Sen-
sorsignale nicht begrenzt sind;

- mindestens einen Multiplizierer, der konfigu-
riert ist, mindestens ein jeweiliges geschatztes
Signal basierend auf dem Multiplizieren eines
ausgewahlten Ausgangssignals basierend auf
einem ausgewahlten anderen der Sensorsigna-
le mit dem jeweiligen Element der Verhaltnis-
matrix zu erzeugen; und

- eine Vielzahl von Schaltern, die konfiguriert
sind, pro Schalter ein jeweiliges Schlafaus-
gangssignal basierend auf dem jeweiligen ge-
schatzten Signal bereitzustellen, wenn erkannt
wird, dass das jeweilige Signal begrenzt ist, und
basierend auf einem jeweiligen Ausgangssignal
basierend auf dem jeweiligen Signal, wenn er-
kannt wird, dass das jeweilige Signal nicht be-
grenzt ist.

9. Schlafiiberwachungssystem (200), umfassend:

- einen ersten Schlafsensor (210), der konfigu-
riert ist, ein physiologisches Signal von einem
schlafenden Saugetier zu erfassen;

- einen zweiten Schlafsensor (220), der konfi-
guriert ist, ein physiologisches Signal von dem
schlafenden Saugetier zu erfassen;

- eine Schlafsignal-Konditionierungsvorrichtung
(100) nach einem der vorstehenden Anspriiche,
wobei der erste Schlafsensor konfiguriert ist,
das erste Sensorsignal (110) der Vorrichtung
bereitzustellen, und der zweite Schlafsensor
konfiguriert ist, das zweite Sensorsignal (120)
der Vorrichtung bereitzustellen; und

- einen Schlafmonitor, der konfiguriert ist, das
von der Schlafsignal-Konditionierungsvorrich-
tung (100) empfangene Schlafausgangssignal
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(170) zu Uberwachen.

System nach dem vorstehenden Anspruch, umfas-
send eine Matratze, wobei der erste und der zweite
Schlafsensor in, neben oder in der Nahe der Matrat-
ze positioniert sind, um das schlafende Saugetier
auf der Matratze zu messen.

System nach einem der vorstehenden Anspriiche
9-10, wobei der erste und der zweite Sensor einen
unterschiedlichen Dynamikbereich und/oder eine
unterschiedliche Genauigkeit aufweisen.

System nach einem der vorstehenden Anspriiche
9-11, wobei der erste und der zweite Sensor piezo-
elektrische Sensoren sind.

System nach einem der vorstehenden Anspriiche
9-12, wobei der erste und der zweite Sensor Druck-
sensoren sind, die konfiguriert sind, das physiologi-
sche Signal, wie einen Herzschlag und/oder eine At-
mung und/oder eine Bewegung des Saugetiers, zu
erfassen.

Schlafsignal-Konditionierungsverfahren (700, 800)
fir einen Schlafmonitor, umfassend die folgenden
Schritte:

- Verarbeiten (710, 810) eines ersten Sensorsi-
gnals zum Bereitstellen eines ersten Parame-
ters, der die GroRRe des ersten Sensorsignals
von einem ersten Schlafsensor anzeigt, der ein
physiologisches Signal von einem schlafenden
Saugetier erfasst;

-Verarbeiten (720, 820, 821) eines zweiten Sen-
sorsignals zum Bereitstellen eines zweiten Pa-
rameters, der die GroRRe eines zweiten Sensor-
signals von einem zweiten Schlafsensor an-
zeigt, der ein physiologisches Signal von dem
schlafenden Saugetier erfasst, wobei das erste
Sensorsignal vom zweiten Sensorsignal ver-
schieden ist;

dadurch gekennzeichnet, dass es weiter die fol-
genden Schritte umfasst:

- Erkennen (730, 830), wann das erste Sensor-
signal begrenzt ist;

- Berechnen (740, 840) eines Verhaltnisses ba-
sierend auf dem Teilen des ersten Parameters
durch den zweiten Parameter, wenn das erste
Sensorsignal nicht begrenzt ist;

- Erzeugen (750, 841) eines geschatzten ersten
Sensorsignals basierend auf dem Multiplizieren
eines zweiten Ausgangssignals basierend auf
dem zweiten Sensorsignal mit dem Verhaltnis;
und

- einen Schalter (160) zum Bereitstellen eines
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ersten Ausgangsschlafsignals (170) basierend
aufdem geschatzten ersten Sensorsignal (140),
wenn erkannt wird, dass das erste Sensorsignal
begrenztist, und ein erstes Ausgangssignal ba-
sierend auf dem ersten Sensorsignal, wenn er-
kannt wird, dass das erste Sensorsignal nicht
begrenzt ist; und

- Bereitstellen (760, 866) eines ersten Aus-
gangsschlafsignals basierend auf dem ge-
schatzten ersten Sensorsignal, wenn erkannt
wird, dass das erste Sensorsignal begrenzt ist,
und eines ersten Ausgangssignals basierend
auf dem ersten Sensorsignal, wenn erkannt
wird, dass das erste Sensorsignal nicht be-
grenzt ist.

15. Computerprogrammprodukt (400) umfassend ein

computerlesbares Medium (410) aufweisend ver-
korperten computerlesbaren Code (420), wobei der
computerlesbare Code derart konfiguriert ist, dass
der Computer oder Prozessor bei Ausfiihrung durch
einen geeigneten Computer oder Prozessor veran-
lasst wird, das Verfahren nach Anspruch 14 durch-
zuflhren.

Revendications

Dispositif de conditionnement de signal de sommeil
(200) pour un moniteur de sommeil, le dispositif
comprenant :

- une premiére unité de traitement (115) confi-
gurée pour fournir un premier parameétre indica-
tif de la grandeur d’un premier signal de capteur
(110) détecté par un premier capteur de som-
meil (210) configuré pour détecter un signal phy-
siologique issu d’'un mammifére assoupi ;

- une seconde unité de traitement (125) confi-
gurée pourfournir un second parameétre indicatif
de la grandeur d’'un second signal de capteur
(120) détecté par un second capteur de sommeil
(220) configuré pour détecter un signal physio-
logique du mammifére assoupi, dans lequel le
premier signal de capteur est différent du se-
cond signal de capteur ; caractérisé en ce que
le dispositif comprend en outre :

- un détecteur d’écrétage (150) configuré
pour détecter le moment ou le premier si-
gnal de capteur s’écréte ;

- un diviseur (130) configuré pour calculer
un rapport (132) sur la base de la division
du premier paramétre par le second para-
meétre lorsque le premier signal de capteur
ne s’écréte pas ;

- un multiplicateur (135) configuré pour gé-
nérer un premier signal de capteur estimé
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(140) sur la base de la multiplication d’un
second signal de sortie basé sur le second
signal de capteur par le rapport ; et

-un commutateur (160) configuré pour four-
nir un premier signal de sommeil de sortie
(170) sur la base du premier signal de cap-
teur estimé (140) lors de la détection du fait
que le premier signal de capteur s’écréte et
un premier signal de sortie sur la base du
premier signal de capteur lorsque I'on dé-
tecte que le premier signal de capteur ne
s’écréte pas.

Dispositif selon la revendication 1, dans lequella pre-
miére et la seconde unité de traitement sont agen-
cées pour fournir une amplitude ou une énergie com-
me parametre indicatif de la grandeur du signal.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel la premiére et la seconde
unité de traitement comprennent un filtre IR et/ou
un filtre FIR.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel au moins 'une des unités
de traitement est agencée pour déterminer le para-
métre indicatif de la grandeur du signal basé égale-
ment sur une partie de signal aprés une partie de
signal précédente ou le premier signal de capteur
s’est écréteé, tandis que le diviseur est agencé pour
utiliser le paramétre déterminé dans le calcul du rap-
port utilisé au cours de ladite partie de signal précé-
dente.

Dispositif selon I'une quelconque des revendications
précédentes, dans lequel une capacité a extraire des
éléments respiratoires et cardiaques d’une partie de
signal courant est déterminée et ledit viseur est
agenceé en fonction de cette situation pour comman-
der s’il faut ou non inclure la partie de signal courant
dans le calcul du rapport.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel le dispositif comprend une
premiére unité de conditionnement (118) configurée
pour conditionner le premier signal de capteur (110)
en premier signal de sortie et une seconde unité de
conditionnement (119) pour conditionner le second
signal de capteur (121) en second signal de sortie ou
le premier parametre, tel que fourni par le premier
circuit de traitement, constitue le premier signal de
sortie et le second paramétre, tel que fourni par le
second circuit de traitement, constitue le second si-
gnal de sortie.

Dispositif selon 'une quelconque des revendications
précédentes, dans lequel le dispositif comprend un
second détecteur d’écrétage configuré pour détecter
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quand le second signal de capteur s’écréte ; et le
diviseur est agencé pour calculer le rapport lorsque
le second signal de capteur ne s’écréte pas.

Dispositif selon'une quelconque des revendications
précédentes, comprenant :

- une pluralité d’unités de traitement configurées
pour traiter une pluralité de signaux de capteur
venant d’une pluralité respective de capteurs de
sommeil ;

- une pluralité de détecteurs d’écrétage configu-
rés pour détecter lorsque I'un respectif des si-
gnaux de capteur s’écréte ;

- au moins un diviseur configuré pour calculer
une matrice de rapport, dans lequel chaque élé-
ment de la matrice de rapport est un rapport ba-
sé surladivision, lorsque les signaux de capteur
respectifs ne s’écrétent pas, de paramétres res-
pectifs indicatifs de I'amplitude de signaux de
capteur respectifs ;

- au moins un multiplicateur configuré pour gé-
nérer au moins un signal respectif estimé basé
sur la multiplication d’un signal de sortie sélec-
tionné basé sur un autre sélectionné des si-
gnaux de capteur par I'élément respectif de la
matrice de rapport ; et

- une pluralité de commutateurs configurés pour
fournir par commutateur un signal de sortie de
sommeil respectif basé sur le signal respectif
estimé lorsque I'on détecte que le signal respec-
tif s’écréte et basé sur un signal de sortie res-
pectif basé sur le signal respectif lorsque 'on
détecte que le signal respectif ne s’écréte pas.

(200)
comprenant :

- un premier capteur de sommeil (210) configuré
pour détecter un signal physiologique venant
d’'un mammifére assoupi ;

- un second capteur de sommeil (220) configuré
pour détecter un signal physiologique venant du
mammifére assoupi ;

- un dispositif de conditionnement de signal de
sommeil (100) selon I'une quelconque des re-
vendications précédentes, dans lequel le pre-
mier capteur de sommeil est configuré pour four-
nir le premier signal de capteur (110) au dispo-
sitif et le second signal de capteur est configuré
pour fournir le second signal de capteur (120)
au dispositif ; et

- un moniteur de sommeil configuré pour sur-
veiller le signal de sortie de sommeil (170) recu
du dispositif de conditionnement de signal de
sommeil (100).

10. Systéme selon la revendication précédentes com-
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prenant un matelas, dans lequel le premier et le se-
cond capteur de sommeil sont positionnés a l'inté-
rieur, de maniére adjacente ou a proximité du mate-
las pour mesurer le mammifére endormi sur le ma-
telas.

Systeme selon I'une quelconque des revendications
9 a 10, dans lequel le premier et le second capteur
présentent une plage dynamique et/ou une précision
différentes.

Systeme selon I'une quelconque des revendications
9 a 11, dans lequel le premier et le second capteur
sont des capteurs piézoélectriques.

Systeme selon I'une quelconque des revendications
9 a 12, dans lequel le premier et le second capteur
sont des capteurs de pression configurés pour cap-
ter le signal physiologique tel qu’'un battement du
cceur et/ou une respiration et/ou un mouvement du
mammifere.

Procédé de conditionnement de signal de sommeil
(700, 800) pour un moniteur de sommeil, compre-
nant les étapes consistant a :

- traiter (710, 810) un premier capteur de signal
pour fournir un premier parametre indicatif de la
grandeur du premier signal de capteur venant
d’'un premier capteur de sommeil détectant un
signal physiologique issu d'un mammifere
assoupi ;

- traiter (720, 820, 821) un second signal de cap-
teur pour fournir un second paramétre indicatif
de la grandeur du second signal de capteur issu
d’'un second capteur de sommeil détectant un
signal physiologique issu du mammifere assou-
pi, dans lequel le premier signal de capteur est
différent du second signal de capteur ;

caractérisé en ce qu’il comprend en outre les éta-
pes consistant a :

- détecter (730, 830) lorsque le premier signal
de capteur s’écréte ;

- calculer (740, 840) un rapport baseé sur la divi-
sion du premier paramétre par le second para-
métre lorsque le premier signal de capteur ne
s’écréte pas ;

- générer (750, 841) un premier signal de cap-
teur estimé basé sur la multiplication d’'un se-
cond signal de sortie basé sur le second signal
de capteur par le rapport ; et

- un commutateur (160) pour fournir un premier
signal de sommeil de sortie (170) sur la base du
premier signal de capteur estimé (140) lorsque
I'on détecte que le premier signal de capteur
s’écréte etun premier signal de sortie surlabase
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du premiersignalde capteurlorsque I'on détecte
que le premier signal de capteur ne s’écréte
pas ; et

- fournir (760, 866) un premier signal de sommeil
de sortie basé sur le premier signal de capteur
estimé lorsque I'on détecte que le premier signal
de capteur s’écréte et un premier signal de sortie
basé sur le premier signal de capteur lorsque
I’'on détecte que le premier signal de capteur ne
s’écréte pas.

15. Produit de programme d’ordinateur (400) compre-

nant un support lisible par ordinateur (410) présen-
tant un code lisible par ordinateur (420) qui y est mis
en ceuvre, le code lisible par ordinateur étant confi-
guré de sorte que, lors d’'une exécution par un ordi-
nateur ou un processeur approprié, I'ordinateur ou
le processeur soit amené a effectuer le procédé de
la revendication 14.
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