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SLEEP MONITORING DEVICE

FIELD OF THE INVENTION

[0001] The invention relates to a sleep monitoring device.
The invention further relates to a method of monitoring sleep
and a corresponding computer program.

BACKGROUND

[0002] Healthy sleep is of crucial importance during the
first months of newbormn development. Accordingly, devices
have been proposed that allow parents or other care givers to
monitor the sleep of infants, babies and neonates. In the past
this concern was especially related to the so-called sudden
infant death syndrome (SIDS) or infant apnea syndrome.
[0003] An example of a known monitoring device is given
by U.S. Pat. No. 6,280,392 B1, with title “Infant condition
monitoring system and method using load cell sensor sheet”.
[0004] The known infant condition monitoring system
includes a sensor sheet placed on a baby bed. The sensor sheet
has plural pressure sensitive cells disposed at equal intervals
therein, and is placed underneath a mattress on the bed floor.
A control unit determines an infant’s breathing and sleeping
posture from the digital signals obtained from the sensor
sheet.

[0005] The control unit forms the infant’s breathing signal
based on changes in distribution of loads which is caused by
up-down movements of a diaphragm responsive to the
infant’s breathing. The load signal from each pressure sensi-
tive cell is subjected to filtering through a band pass filter
having a pass band at around a specified frequency corre-
sponding to breathing. If the infant is in the apnea or breath-
less condition or in the abnormal breathing condition the
breathing signal which corresponds to the number of respi-
ration will not be formed. Thus, the infant’s breathing condi-
tion can be determined to be abnormal.

[0006] The control unit also determines the sleeping pos-
ture of the infant from the load signals.

[0007] A monitoring unit worn by a care provider receives
the infant’s breathing, sleeping posture, and respiration rate
from the control unit. A display displays the respiration rate,
and sleeping posture. Thus it is enabled to monitor the infant’s
condition through the displayed respiration rate and sleeping
posture on the display at a place away from the infant. If
necessary, the care provider can responsively take preventive
measures or emergency or first-aid actions.

SUMMARY OF THE INVENTION
[0008] Itwould beadvantageous to have an improved sleep
monitor device.
[0009] A sleep monitoring device for monitoring sleep

states of a human is provided. The sleep monitoring device is
configured to receive movement data of the resting human
from a movement measurement device. The sleep monitoring
device comprises a movement data analyzer configured to
compute from the movement data at least: heart beat data and
respiration data, a data classifier configured to determine a
heart rate regularity valuation of the heart beat data within a
time interval, and to determine a respiration regularity valu-
ation of the respiration data within the time interval, a sleep
classifier configured to obtain a sleep state for the time inter-
val from at least the respiration regularity valuation and the
heart rate regularity valuation.
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[0010] Parents of newborns want to be reassured that the
development of their babies is in line with the textbook devel-
opmental stages. Moreover, they also want to be reassured
that the baby is sleeping well. By classifying the heart rate
regularity, and respiration regularity and optionally motion
quantity within a time interval a sleep state for the time
interval will be obtained. The known baby monitor is focused
only on the detection of SIDS, which is unrelated to detet-
mining a sleep state. In an embodiment, users, e.g. parents,
can track and compare day-night rhythm, sleep content and
developmental rest-activity state. In an embodiment, the
human is an infant.

[0011] In an embodiment, the movement data analyzer is
configured to compute from the movement data at least: heart
beat data and respiration data, and physical activity. For
example, the movement data analyzer is further configured to
compute from the movement data gross movement data, and
wherein the data classifier is configured to determine a gross
movement extent indicating an extent of the gross movement
of the human within the time interval. In an embodiment, the
movement data analyzer is further configured to compute
from the movement data fine movement data, and whereinthe
data classifier is configured to determine a fine movement
extent indicating an extent of the fine movement of the human
within the time interval.

[0012] Classifying in gross and fine movement may be
done by first obtaining a movement signal, e.g., by subtract-
ing a heart rate and respiration signal from the movement
data. The data classifier configured to determine type of
movement by quantification of frequency of gross move-
ments, characterized by a high amplitude in movement signal,
and frequency of fine movements, characterized by a low
amplitude in movement signal.

[0013] Instead ofheart rate regularity one may equally refer
to heart rate variability. In an embodiment, heart rate regular-
ity valuation, respiration regularity valuation, gross move-
ment extent, fine movement extent and vocalization extent are
each expressed as a value, e.g. a real number, or an integer. In
an embodiment, they have a limited number of value, indica-
tion presence, absence or unknown. e.g., indicated as: +1 for
presence, —1 for absence, and 0 for unknown.

[0014] Distinguishing between gross and fine movement is
especially suited for use with a feature vector. For example, in
an embodiment, the total amount of energy in the movement
data is computed. If the total amount is over first threshold,
then gross movement is present, if the total amount is over a
second threshold but not over the first, then fine movement is
present. If the total amount of energy is below the second
threshold then neither fine nor gross movement is present.
Instead of total energy, one may also use largest amplitude, or
largest amplitude difference.

[0015] In an embodiment, the sleep classifier stores data
that characterize a sleep state and matches the classified data
obtained from the data classifier with the characterizing data.
For example, the level of the match may be represented in a
match value for the sleep state. The match value may be
interpreted as how well a known sleep state may be recog-
nized in the behavior of the infant on the mattress.

[0016] Inanembodiment, the extraction of multiple param-
eter from movement data is a dichotomously feature classifi-
cation. For example, a vector indicating the presence or
absence of a feature in a time window. From the vector sleep
stage can be derived. For example, the elements of the feature
vector may be: regular heart rate yes/no, regular respiration
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yes/no, etc. The match between this feature vector and stored
is sleep stage characteristics is calculated.

[0017] Inanembodiment, the sleep classifier is configured
to determine a sleep state by calculating an inner product
between the classified data vector and a classifying vector
associated with the sleep state, the classified data vector con-
taining classified information determined from the movement
data, e.g., heart rate regularity valuation, the respiration regu-
larity valuation, and preferably, gross and fine movement
extent and/or preferably, vocalization extent, etc.

[0018] Inanembodiment, the classifying vector comprises
both feature values that are restricted to a few values and
continues values.

[0019] In an embodiment, the movement measurement
device comprises a load cell for measuring pressure of the
human on a mattress on which the human rests. For example,
the load cell may use one or more miniature sensors in the
bed, e.g., piezo touch plates. Using a load cell allows the
measurement of movement and of weight.

[0020] In an embodiment, a development classifier is con-
figured to obtain a development state for the human from at
least the logged movement data, sleep state data and weight
data.

[0021] Thesleep monitoris an electronic device. Display of
the logged data, sleep states, development states etc may be
done on a computer, e.g., a mobile electronic device, e.g.,
mobile phone, smart wearables (e.g. watch/glasses). The
sleep monitoring device may be comprised in a development
tracker.

[0022] An aspect of the invention concerns a sleep moni-
toring system comprising the sleep monitoring device, a mat-
tress and the movement measurement device arranged with
respect to the mattress to measure movement data represent-
ing movement of a resting human on the mattress, in particu-
lar a baby.

[0023] A method according to the invention may be imple-
mented on a computer as a computer implemented method, or
in dedicated hardware, or in a combination of both. Execut-
able code for a method according to the invention may be
stored on a computer program product. Examples of com-
puter program products include memory devices, optical stor-
age devices, integrated circuits, servers, online software, etc.
Preferably, the computer program product comprises non-
transitory program code means stored on a computer readable
medium for performing a method according to the invention
when said program product is executed on a computer.
[0024] In a preferred embodiment, the computer program
comprises computer program code means adapted to perform
all the steps of a method according to the invention when the
computer program is run on a computer. Preferably, the com-
puter program is embodied on a computer readable medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and other aspects of the invention are
apparent from and will be elucidated with reference to
the embodiments described hereinafter. In the drawings,

[0026] FIG. 1 is schematic block diagram of a sleep
monitoring system 100,

[0027] FIG. 2 is schematic block diagram of the sleep
monitoring device 120,

[0028] FIG. 3 is schematic flow chart of a sleep monitor-
ing method 300.

[0029] It should be noted that items which have the same
reference numbers in different figures, have the same struc-
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tural features and the same functions, or are the same signals.
Where the function and/or structure of such an item have been
explained, there is no necessity for repeated explanation
thereof in the detailed description.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] While this invention is susceptible of embodiment
in many different forms, there is shown in the drawings and
will herein be described in detail one or more specific
embodiments, with the understanding that the present disclo-
sure is to be considered as exemplary of the principles of the
invention and not intended to limit the invention to the spe-
cific embodiments shown and described.

[0031] FIG. 1 is schematic block diagram of a sleep moni-
toring system 100. Sleep monitoring system 100 comprises a
sleep monitoring device 120, a mattress 110, and a movement
measurement device 112. Sleep monitoring device 120 is
configured to monitor sleep states of a human, when the
human is resting on mattress 110. Although the system may
be applied to any human, the system is well suited to baby’s.
The illustrative embodiments shown below apply the system
to babies; this does not mean that the system could not be
applied to different age groups. The word baby means any
child from birth to age 4. Newborn refers to babies under three
months of age. Infants are babies from three months to one
year old. Different sleep profiles apply to different age
groups. For example, vocalization is irrelevant for adult sleep
classification. Below we assume, the human is a baby.

[0032] Insleep science, the concept of sleep states is well
established. Already, Prechtl, in his paper ‘The behavioural
states of the newborn infant (a review)’ (Brain Research, 76,
1974, 185-212) defined a number of sleep states as well-
defined conditions or properties that can be recognized if they
occur again. Although different researches have subdivided
the behavior pattern of humans while resting in more or fewer
states, at least the following states are widely accepted as
physiologically relevant: Quiet Sleep, Active Sleep, Quiet
Alertness, Active Alertness, and Vocalization. Informally,
these states range from fast asleep to drowsy, to crying. Dur-
ing a sleep episode, a baby will alternate through several of
these stages, the so-called sleep cycle.

[0033] The development of the sleep-wake rhythm is
dependent on the development of certain brain structures. It is
known that in most cases the first manifestations of the start of
the development of a day-night rhythm is around week 6 and
is very definite after 12 weeks. During the development of a
human from neonate to toddler, the sleep-wake rhythm devel-
ops from a feeding rhythm, to an established day-night
rhythm.

[0034] Movement measurement device 112 is configured
to obtain movement data of the human. Movement measure-
ment device 112 may be implemented in a variety of ways,
e.g., using an actimetry sensor worn by the human. Move-
ment measurement device 112 is sufficiently sensitive to reg-
ister gross as well as fine movement, in particular movement
of the lungs and hearts. For example, this could be an actim-
etry sensor worn at chest level of the human body, as it allows
for deriving hear rate and respiration data from the human.
Preferably, the movement data also measures changes in body
mass over time. It is preferred that movement measurement
device 112 is non-invasive and in particular does not require
any part of movement measurement device 112 to be in direct
contact with the human.
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[0035] Inan embodiment, movement measurement device
112 comprises one or more load cells placed in or under
mattress 110 for measuring pressure of the human on mattress
110. If multiple load cells are used, their signals may be
combined in an improved signal. In an embodiment, move-
ment measurement device 112 comprises a single load cell.
The inventors have found that even with a single load cell
sleep state classification is possible.

[0036] Interestingly, the load cell may also be used to deter-
mine the weight of the human from the load cell. In this way,
sleep monitoring device 120 cannot only monitor a healthy
development of sleep rhythm, but also of weight.

[0037] As an example, the load cell may be a piezo-electro
touch sensor that can be placed under, say, a baby mattress to
continuously measure the small movements of the baby
required to detect heart beats.

[0038] Sleep monitoring device 120 may comprises a
microphone 172 or be connectable to microphone 172 for
recording vocalizations of the human. If movement measure-
ment device 112 is sufficiently sensitive, a vocalization signal
may also be determined from the movement signal based on
spectral analyses.

[0039] Sleep monitoring device 120 may comprises an ana-
log to digital converter 174 connected to movement measure-
ment device 112 and microphone 172 (if present). ADC 174
may also be comprised in movement measurement device
112 and/or microphone 172 itself.

[0040] Sleep monitoring device 120 comprises a move-
ment data analyzer 130 configured to compute from the
movement data at least: heart beat data and respiration data.
Additionally, movement data analyzer 130 may also compute
gross movement data from the movement data. Gross move-
ments are the large body movements of the human relating to
the use of the large muscles of the human body, such as those
in the legs, arms, and abdomen. Movement data analyzer 130
may split the movement data up into heart beat data, respira-
tion data, e.g., by using frequency analysis; the typical fre-
quency of heart rate is higher than that of respiration which in
turn is higher than gross body movement: For babies up to 1
year, the resting heart rate lays between 100-160 bpm, for
children aged 1-10 years old 60-140 bpm is considered
healthy. Regarding respiration rate: For babies up to 6 weeks,
the resting RR lays between 30-60, for children aged up to 6
months old 25-40 is considered healthy and at the age of3 this
range is lowered to 20-30.

[0041] In an embodiment, the movement data is filtered
with specific bandwidth filters to obtain heart beat data and
respiration data. Movement may be based on the total energy
is in the full signal, rather than a signal is a certain bandwidth.
[0042] Movement data analyzer 130 may also consider
amplitudes; heart rate has a smaller amplitude than respira-
tion which is smaller than body movement. Amplitude may
be used to identify within the movement data whether it is
hear rate, respiration rate or movement. In general it is true
that the signal is most energetic and high amplitude, high
frequency when it is body movement. The signal of respira-
tion is of less amplitude and low frequency whereas the signal
representing heart rate is of least amplitude, and thus is weak-
est but has a higher frequency as compared to respiratory.
[0043] Sleep monitoring device 120 comprises a data clas-
sifier 140 configured to determine a heart rate regularity valu-
ation of the heart beat data within a time interval, and to
determine a respiration regularity valuation of the respiration
data within the time interval. In addition also hear rate may be
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obtained. Data classifier 140 also determines a movement
extent indicating an extent of the gross and fine movement of
the human within the time interval. Optionally, data classifier
140 also determines a vocalization extent indicating an extent
of the vocalization within the time interval. Regularity valu-
ations, gross and fine movement extent and vocalization
extent are preferably scaled to the same scale, e.g., from -1 to
+1 or from O to 1, etc.

[0044] Sleep monitoring device 120 comprises a sleep clas-
sifier 150 configured to obtain a sleep state for the time
interval from at least the respiration regularity valuation, the
heart rate regularity valuation and the gross and fine move-
ment valuation. Many sleep states are characterized by the
presence or absence of regularity in heart and/or respiration
and/or gross and fine movement. By combining the regularity
measures, a sleep state may be recognized.

[0045] Sleep monitoring device 120 may comprise a log-
ging unit 160 for storing obtained sleep states. Sleep moni-
toring device 120 may also comprise a display unit for gen-
erating a display to show the stored sleep states visually. For
example, the sleep states of last night may be indicate as a
colored bar, in which a color indicates a particular state, and
in which the bar indicates the progress of time. Data of mul-
tiple nights may be placed under each other, to make it easy to
visually spot patterns.

[0046] Interestingly, sleep monitoring device 120 com-
prises a development classifier 180 configured to obtain a
development state for the human from at least the logged
sleep state data. For example, development classifier 180 may
classify the sleep-wake rhythm of a particular night on a scale
ranging from feeding rhythm, via emerging day-night
rhythm, to an established day-night rhythm. The score may be
included in the display, or made available for download, e.g,,
on a smart phone.

[0047] Based on the movement data the development of a
baby in terms of sleep (i.e. the transformation from a feeding
rhythm in newborns with frequent movements and wake
moments in the nigh to a day night rhythm) and optionally the
development of the weight of the baby may be determined.
The development may be automatically logged by logging
unit 160 and may be viewed by the parents using a smart-
phone or PC application or on device 120 itself.

[0048] Weight development may be logged in grams, deca-
grams, etc; sleep-rhythm development may be presented as
development of movement counts over the night and/or the
number of transitions between periods with movement and
without movements. The more movement counts over the
night, the more transitions between periods with movement
and without movements, and the shorter the length of the
periods with consecutive movement or non-movement, the
less stable the sleep is. This can also be calculated as a
fragmentation index. The development of the fragmentation
index represents the sleep development.

[0049] The device may show movement counts, number of
transitions, length of the periods with consecutive movement
or non-movement, and/or fragmentation index with respect to
the average baby of the same age and gender. The reference
number may also be related to the age and gender of the
newborn, e.g., obtained from a table stored in sleep monitor-
ing device 120.

[0050] For example, development classifier 180 may com-
prise a weight table listing: gender and age, say in months,
versus a reference weight. The reference weight may be a
percentile distribution. For example, the table may give the



US 2016/0270721 Al

weight at the 3, 5, 10, 25, 50, 75, 90, 95, 97 percentiles. The
weight distribution may also represented by parameters, such
as average and standard deviation.

[0051] Similar, to the weight table, development classifier
180 may comprise a sleep table, indicating a reference sleep-
wake rhythm for a gender and age. In an embodiment, the age
runs to 6 months, this is exemplary and may be more or less.
[0052] Through the weight and/or sleep-wake table devel-
opment classifier 180 can report to the user if the sleep or
weight development of the baby differs from average. If dis-
tribution information is available development classifier 180
may determine a variable that represent how far from the
average the observed weight and sleep development is. For
example, development classifier 180 may compute a percen-
tile score.

[0053] Development classifier 180 may be configured with
a receiver to receive age and gender of the baby.

[0054] Should health problems occur, in particular sleep or
weight problems, then sleep or weight history records can be
made available to, say, a pediatrician. Development classifier
180 may be used domestically even without medical super-
vision, in such case development classifier 180 should not be
relied on for a medical diagnosis.

[0055] Thus using movement measurement device 112,
e.g. a load cell or a piezo electro plate, a primary signal is
collected. The primary signal can processed to obtain biome-
chanical, cardiovascular and respiratory data. In turn this data
is processed into sleep and weight data. The latter step could
be done online. Data may be presented to a user, say a parent,
on a display, such as on a smartphone. In addition to sleep
state classification the system may compute additional sleep
data: sleep time, sleep state duration, and sleep fragmenta-
tion.

[0056] FIG. 2 is schematic block diagram of one possible
embodiment of sleep monitoring device 120. Like in FIG. 1,
sleep monitoring device 120 comprises movement data ana-
lyzer 130, data classifier 140, sleep classifier 150, logging
unit 160, and development classifier 180.

[0057] FIG. 2 further shows a weight determination unit
182 which may be part of sleep monitoring device 120.
Weight determination unit 182 may be calibrated by placing
the baby on mattress 110 and sending an externally deter-
mined weight of the baby to weight determination unit 182.

[0058] Movement data analyzer 130 comprises a heart beat
unit 132, a respiration unit 134, a movement unit 136 and a
vocalization unit 138.

[0059] Heart beat unit 132, respiration unit 134 and move-
ment unit 136 are configured to compute from the movement
data at least: heart beat data, respiration data, and gross and
fine movement data. For example, heart beat unit 132, respi-
ration unit 134 and movement unit 136 may comprise band
filters that allow only signals to pass that have a frequency that
is consistent with heart, respiration and movement respec-
tively.

[0060] Movement data analyzer 130 may also comprise a
frequency analyzer for computing a spectrum of the move-
ment data, for example, a Fourier or wavelet transform. Heart
beat unit 132, respiration unit 134 and movement unit 136
may then select the coefficients that correspond to their par-
ticular frequencies. Gross movement data may also be
defined as the part of the signal that is left after subtraction of
the heart and respiration data.

[0061] Alternatively, or in addition, the amplitude may be
used, to split the movement data in these three parts. Heart
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data correspond to local smaller and faster fluctuations in the
signal, respiration to larger and slower and less local fluctua-
tions.

[0062] However, preferably, the movement unit 146 does
not use a filter, or only a very broad filter. Movement infor-
mation may be derived from amplitude variations and the
amount of energy in the signal. Gross movement may impair
the extraction ofheart beat data and respiration data. This may
be resolved by ignoring this data when it is not available.
When movement is absent amplitude of the signal related to
the respiration is of relative large amplitude as compared to
the signal part reflecting heart beat.

[0063] Vocalization unit 138 may take the audio signal of
microphone 172 as is, but preferably a band pass filter is
applied to filter the frequency of human babies crying. The
filter may be relatively small compared to filters used for
movement data, there is little information loss if part of the
spectrum of a crying sound is lost, and on the other hand a
tight filter may reduce false positives considerably.

[0064] Data classifier 140 is configured to classify the sig-
nals produced by movement data analyzer 130 in a specified
time interval. A traditional time interval is 3 minutes, shorter
time intervals, say 30 seconds, or longer say 5 minutes are
possible. The classification may be done on running time
intervals; this means that a classification will be obtained for
consecutive instances, say each second. The classification
may be done on consecutive time intervals; this means that a
classification will be obtained each time the time interval
elapsed.

[0065] Data classifier 140 need only be operative when
sleep classification is required, e.g., so long as a signal is
obtained from movement measurement device 112. Data
classifier 140 may also have an input for the user to indicate
that a human is currently resting on mattress 110.

[0066] Based on the data of movement data analyzer 130 it
is classified by data classifier 140 if the heart rate and respi-
ration rate are regular, if the movement can be classified a
light movement, gross movement, i.e., as a value indicating
the extent of the movement, and the vocalization.

[0067] Data classifier 140 comprises a heart beat classifier
142, a respiration classifier 144, a movement classifier 146, a
vocalization classifier 148.

[0068] Heart beat classifier 142 and respiration classifier
144 compute regularity valuation for the signal within the
time interval; heart beat classifier 142 computes a heart rate
regularity valuation of the heart beat data within a time inter-
val, respiration classifier 144 computes a respiration regular-
ity valuation of the respiration data within the time interval.
Preferably, heart beat classifier 142 and respiration classifier
144 also determine the heart and respiration rate.

[0069] Computing regularity data may be implementedina
number of ways. Fourier analysis may be used. A particular
well suited way is to determine peaks in the correlogram, also
referred to as the autocorrelation function. For example, the
height of the third peak in the correlogram (counting the peak
at lag 0 as the first peak) indicates the rhythmicity of the
signal. However, the art has many other measures for heart
rate variability which may be applied, to the heart beat data
and analogously to the respiration data. A more variability
measure is obtained as the square root of the mean squared
difference between adjacent N-N intervals. (RMSSD). The
N-N interval is the time between 2 heartbeats. In an embodi-
ment, the RMSSD is calculated per classifier interval, e.g.
ranging from 30 sec to 5 min.
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[0070] Movement classifier 146 is configured to determine
a gross movement extent indicating an extent of the gross
movement of the human within the time interval and a fine
movement extent. Vocalization classifier 148 is configured to
determine a vocalization extent indicating an extent of the
vocalization within the time interval. For example, movement
classifier 146 to obtain gross movement extent. Vocalization
classifier 148 may be configured to integrate their respective
input signal, or to compute a maximum amplitude thereof.
[0071] Vocalization classifier 148 may be configured to
map the vocalization to an S-curve, e.g., so that vocalization
above a threshold will give the maximum value.

[0072] The heart rate regularity valuation, the respiration
regularity valuation, movement extent and/or vocalization
extent are further processed by sleep classifier 150. Also the
rate may be processed, both for heart and respiration. Sleep
classifier 150 preferably scales these values, e.g., so that they
all lie in the same range, e.g., from -1 to +1, or O to 1, etc.
[0073] Sleep classifier 150 comprises data that characterize
a sleep state. Sleep classifier 150 comprises a matching unit
155 which matches the classified data obtained from data
classifier 140 to the sleep state characterizing data. The latter
may be advantageously represented by storing a classifying
vector associated with a sleep state. FIG. 2 shows vectors 151,
152, 153, 154, there may be more or less.

[0074] The table below shows an example of representing
sleep state using vectors:

Regular Regular Gross Fine Vocal-
State Heart Rate Respiration Movement Movement ization
Quiet Sleep +1 +1 -1 -1 -1
Active Sleep -1 -1 -1 +1 -1
Quiet +1 +1 -1 +1 -1
Alermess
Active -1 -1 +1 +1 -1
Alermess
Vocalization -1 +1 +1 +1
[0075] 1In this example 5 sleep/wake states are represented

with S vectors, each having 5 components. -1 denotes
absence, +1 presence and 0 indifference of a feature. (In this
case the vectors are shown as row vectors). This table defines
sleep states in terms of the regularity of heart rate and respi-
ration, the extent of gross and fine movement and amount of
vocalization. This differs from the classic definition, (see e.g.,
Prechtl), which uses eye closure status. Experiments have
shown that the classification obtained from the definition
above correlates with the classic definition of Prechtl. Sleep
monitoring device 120 can determine a classification accord-
ing to the table above completely from contactless sensing
means, e.g., load cells and/or microphones.

[0076] In an embodiment, a matching value is calculated
between the classified data vector and a classifying vector
associated with a sleep state. The matching value may be an
inner product, a correlation coefficient, a rank order correla-
tion, or the like. Below we assume inner product, which also
performs well for continuous features. For feature values one
may also count the number of equal vector elements with the
stored characterizing data.

[0077] One way for matching unit 155 to match the classi-
fied data of data classifier 140 with the data stored in sleep
classifier 150 is to represent the classified data as a vector as
well, i.e., a classified data vector comprising as elements at
least the heart rate regularity valuation, the respiration regu-
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larity valuation, and preferably, gross movement extent and
vocalization extent. The inner product between the classified
data vector and a classifying vector associated with a sleep
state. The result of the inner product is a measure for how
close the current observed data matches the characterizing
sleep data.

[0078] This procedure may be repeated for all vectors
stored in sleep classifier 150, i.e., when using the table above
this will produce 5 values corresponding to the 5 sleep states.
There are different ways to proceed with these 5 values. In one
embodiment, a sleep state may be selected as the obtained
sleep state, i.e., the final classified sleep state, if the matching
data, i.e., the inner product matches a threshold or range
associated with the particular sleep state. For example, if an
inner product is at least 1.5 the sleep state is present. This has
the result that sometimes, e.g., during transitions, multiple
sleep states may be obtained. Although reporting multiple
sleep states may do more justice to reality, it may be very
confusing for the user.

[0079] Alternatively, the classified data vector is a feature
vector, the elements of which only indicate the presence or
absence of feature. The classified data vector may be com-
pared with the classifying vector. Ifthis profile is met, then the
state is presented. If no profile is met, then one could keep the
last state as the current state or presenting the state most
proximate to the obtained profile or presenting a non-deter-
mined state.

[0080] In an embodiment, the multiple inner products are
combined into a single color, which in turn can be shown on
a bar, say as a, hypnogram. This has the advantage that tran-
sitions from one phase to a next phase, will be shown with a
transition of colors.

[0081] Inanembodiment, sleep classifier 150 is configured
to select the sleep state associate with a largest inner product
of the multiple inner products as the obtained sleep state. This
has the advantage of being well defined in all circumstances.

[0082] Alternatively, or in addition data classifier 140 may
determine: movement counts, e.g., the amount of movement
above a certain threshold; Heart rate, e.g., balistocardio-
graphy in beats per minute; Respiration rate, e.g., in breath-
ings per minute. This data can be interpreted in terms of sleep
stability and sleep. These values may also be matched by
sleep classifier 150 to characterizing data to obtain finer rec-
ognition of sleep states. Alternatively, one or more of these
values may be compared by development classifier 180 to
reference values to report on development of the baby in this
regard.

[0083] Collected movement data may thus also be inter-
preted as movement, heart rate, and as breathing rate. This
heart rate, breathing rate and movement data can also be
interpreted in terms of sleep. This may distinguish just wake
from sleep, but also differentiate between “lighter” sleep and
deeper sleep, or consistent versus irregular sleep.

[0084] Sleep states may be presented as percentages of the
night. They may even be merged into a single number if
needed.

[0085] For example, sleep monitoring device 120 may be
configured to also determine the sleep stability in addition to
sleep state. Sleep stability is derived from the movement
counts overnight. The more movement count over the night
and the more transitions between periods with movement and
without movements, the less stable the sleep is. These values
may be compared with reference values for age and gender of
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the baby, to give an indication of normality (close to the
average) or abnormality (away from average) of the sleep
behavior.

[0086] This can be interpreted in terms of development:
When newborns reflect less stable sleep, they are considered
to be in a feeding driven sleep-wake behavior, rather than a
day-night sleep-wake rhythm.

[0087] Sleep monitoring device 120 further comprises a
weight determination unit 182 to determine the weight from
the movement data. Weight is dependent on the amplitude of
the movement data, when the baby is in rest. The higher the
amplitude, the more the baby is weighting. Weight can be
presented in grams, rounded in decagrams. Data can be com-
pared to regular baby developmental weight for age tables, in
development classifier 180.

[0088] Development classifier 180 may also use heart and
respiration data to check the cardiovascular state of the baby.
Measured heart rate and respiration rate can be checked
against the standard for children in these age groups: For
babies up to 1 year, the resting heart rate lays between 100-
160 bpm, for children aged 1-10 years old 60-140 bpm is
considered healthy. Regarding respiration rate: For babies up
to 6 weeks, the resting respiration rate lies between 30-60, for
children aged up to 6 months old 25-40 is considered healthy
and at the age of 3 this range is lowered to 20-30.

[0089] Typically, the device 120 comprises a microproces-
sor (not shown) which executes appropriate software stored at
the device 120; for example, that software may have been
downloaded and/or stored in a corresponding memory, e.g., a
volatile memory such as RAM or a non-volatile memory such
as Flash (not shown). Alternatively, the devices 120 may,
wholly or partially, be implemented in programmable logic,
e.g., as field-programmable gate array (FPGA).

[0090] FIG. 3 shows a schematic flowchart 300 of a sleep
monitoring method for monitoring sleep states of a human.
The sleep monitoring method comprising: obtaining 310
movement data of the human, computing 320 from the move-
ment data at least: heart beat data, and respiration data, deter-
mining 330 a heart rate regularity valuation of the heart beat
data within a time interval, and determining a respiration
regularity valuation of the respiration data within the time
interval, and obtaining 340 a sleep state for the time interval
from at least the respiration regularity valuation, the heart rate
regularity valuation and the motion.

[0091] Many different ways of executing the method are
possible, as will be apparent to a person skilled in the art. For
example, the order of the steps can be varied or some steps
may be executed in parallel. Moreover, in between steps other
method steps may be inserted. The inserted steps may repre-
sent refinements of the method such as described herein, or
may be unrelated to the method. For example, a given step
may not have finished completely before a next step s started.

[0092] A method according to the invention may be
executed using software, which comprises instructions for
causing a processor system to perform method 300. Software
may only include those steps taken by a particular sub-entity
of the system. The software may be stored in a suitable stor-
age medium, such as a hard disk, a floppy, a memory, in the
cloud, etc. The software may be sent as a signal along a wire,
or wireless, or using a data network, e.g., the Internet. The
software may be made available for download and/or for
remote usage on a server. A method according to the invention
may be executed using a bitstream arranged to configure
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programmable logic, e.g., a field-programmable gate array
(FPGA), to perform a method according to the invention.
[0093] Itwill be appreciated that the invention also extends
to computer programs, particularly computer programs on or
in a carrier, adapted for putting the invention into practice.
The program may be in the form of source code, object code,
a code intermediate source and object code such as partially
compiled form, or in any other form suitable for use in the
implementation of the method according to the invention. An
embodiment relating to a computer program product com-
prises computer executable instructions corresponding to
each of the processing steps of at least one of the methods set
forth. These instructions may be subdivided into subroutines
and/or be stored in one or more files that may be linked
statically or dynamically. Another embodiment relating to a
computer program product comprises computer executable
instructions corresponding to each of the means of at least one
of the systems and/or products set forth.

[0094] 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.

[0095] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. Use
of the verb “comprise” and its conjugations does not exclude
the presence of elements or steps 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 com-
prising several distinct elements. and by means of a suitably
programmed computer. In the device claim enumerating sev-
eral 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 combination of these measures cannot
be used to advantage.

1. A sleep monitoring device for monitoring sleep states of
a human, the sleep monitoring device is configured to receive
movement data of the resting human from a movement mea-
surement device, the sleep monitoring device comprises
amovement data analyzer configured to compute from the
movement data at least: heart beat data, respiration data,
gross movement data, and fine movement data,

a data classifier configured to determine a heart rate regu-
larity valuation of the heart beat data within a time
interval, to determine a respiration regularity valuation
of the respiration data within the time interval, to deter-
mine a gross movement extent indicating an extent of the
gross movement of the human within the time interval,
and to determine a fine movement extent indicating an
extent of the fine movement of the human within the
time interval, wherein the data classifier is configured to
compute a movement extent from the movement data, if
the movement extent is over a first threshold, then gross
movement is determined, if the movement extent is over
a second threshold but not over the first threshold then
fine movement is present, the second threshold being
smaller than the first threshold, if the movement extent is
below the second threshold then neither fine nor gross
movement is determined, and

a sleep classifier configured to obtain a sleep state for the
time interval from at least the respiration regularity valu-
ation, the heart rate regularity valuation, the gross move-
ment extent, and the fine movement extent.
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2. (canceled)

3. A sleep monitoring device as in claim 2, wherein the
computed movement extent is total energy, largest amplitude,
or largest amplitude difference.

4. A sleep monitoring device as in claim 1, wherein the
sleep monitoring device further comprises

a microphone for recording vocalizations of the human,

and

avocalization unit configured to apply a band pass filter to

an audio signal of microphone, the bandpass filter hav-
ing a passband arranged to pass a frequency of human
babies crying,

and wherein the data classifier is configured to determine a

vocalization extent indicating an extent of the vocaliza-
tion within the time interval.
5. A sleep monitoring device as in claim 1 wherein the sleep
classifier is configured to determine a sleep state by
determining a classified data vector comprising as ele-
ments at least the heart rate regularity valuation, the
respiration regularity valuation,gross movement extent,
fine movement extent and/or vocalization extent,

calculating an matching value between the classified data
vector and a classifying vector associated with a sleep
state.

6. A sleep monitoring device as in claim 5 wherein the sleep
classifier is configured to

calculate multiple matching value between the classified

data vector and one of multiple classifying vectors asso-
ciated with multiple sleep states,

select the sleep state associated with a largest matching

value of the multiple matching value as the obtained
sleep state.
7. A sleep monitoring device as in claim 5 wherein the sleep
classifier is configured to select the associated sleep state as
the obtained sleep state if the matching value is within a
threshold or range associated with the particular sleep state.
8. A sleep monitoring device as in claim 1, wherein
determining the heart rate regularity valuation comprises
determining the Root Mean Square of the Successive
Differences of the heart beat data, and/or

determining the respiration regularity valuation comprises
determining the Root Mean Square of the Successive
Differences of the respiration data.

9. A sleep monitoring device as in claim 1, wherein the
movement measurement device comprises a load cell for
measuring pressure of the human on a mattress on which the
human rests.
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10. (canceled)

11. A sleep monitoring device as in claim 1 comprising a
logging unit for storing obtained sleep states.

12. A sleep monitoring device as in claim 11 comprising a
development classifier configured to obtain a development
state for the human from at least the logged sleep state data.

13. A sleep monitoring system comprising the sleep moni-
toring device as in claim 1, a mattress and the movement
measurement device arranged with respect to the mattress to
measure movement data representing movement of a resting
human on the mattress.

14. A sleep monitoring method for monitoring sleep states
of a human, the sleep monitoring method comprising

obtaining movement data of the human,

computing from the movement data at least: heart beat

data, respiration data, and gross movement data, and fine
movement data,

determining a heart rate regularity valuation of the heart

beat data within a time interval, determining a respira-
tion regularity valuation of the respiration data within
the time interval, to determine a gross movement extent
indicating an extent of the gross movement of the human
within the time interval, and to determine a fine move-
ment extent indicating an extent of the fine movement of
the human within the time interval, and computing a
movement extent from the movement data, if the move-
ment extent is over a first threshold the gross movement
is determined, if the movement extent is over a second
threshold but not over the first threshold then fine move-
ment is present , the second threshold being smaller than
the first threshold, if the movement extent is below the
second threshold then neither fine nor gross movement is
determined and

obtaining a sleep state for the time interval from at least the

respiration regularity valuation, the heart rate regularity
valuation, the gross movement extent, and the fine
movement extent.

15. A computer progran comprising computer program
code means adapted to perform all the steps of claim 14 when
the computer program is run on a computer.

16. A computer program as claimed in claim 15 embodied
on a computer readable medium.

17. A sleep monitoring device as in claim 1, wherein the
data classifier is configured to subtract the heart beat date and
the respiration data from the movement data.
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