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(57) ABSTRACT

The invention relates to a method for determining the pres-
ence of a respiratory movement in a human or an animal. This
method comprises the detection of a movement by a passive
infrared detector and the analysis of signals transmitted by
this detector. The invention also relates to an apparatus for
executing a method of detecting a respiratory movement.
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DEVICE AND METHOD FOR DETECTING
RESPIRATORY MOVEMENTS

TECHNICAL FIELD

[0001] Theinventionrelates to a method for monitoring the
respiration of a human or animal patient by analyzing infrared
radiation received by at least one passive infrared detector.
The invention also relates to a device for monitoring the
respiration of a human or animal patient.

PRIOR ART

[0002] For many years, research has been undertaken in the
field of devices and methods for detecting respiratory prob-
lems, notably those occurring during sleep, such as bradyp-
nea, hypopnea or apnea. Accordingly, many devices have
been developed to detect respiratory problems and to monitor
the respiration rate of a person or an animal over a longer or
shorter period of time. However, the current devices and
methods have a number of drawbacks. Some are invasive, in
that they require physical contact with the person or the
animal, which may be troublesome for the person or animal,
or may even be incompatible with the presence of other
devices used in a hospital or veterinary environment. For
example, the polysomnography apparatus described in
US20100331632 has to be strapped around the person or
animal for the detection of respiratory problems. Other
devices require no physical contact, but either they are expen-
sive, or they are devices emitting radiation, such as electro-
magnetic radiation, with a potentially pathogenic effect on
the human or animal body which cannot be disregarded;
similarly, the possibility of interference with other medical
apparatus cannot be disregarded when this type of apparatus
is used in a hospital or veterinary setting.

[0003] WO2005020815 describes the use of passive infra-
red detectors in the context of a method for monitoring the
respiration rate of a person or an animal. High-sensitivity
passive infrared detectors are positioned around the person or
animal. These apparatus detect the movements of the rib cage,
and transmit the data related to these movements to an ampli-
fier via a logic controller. The amplifier is itself connected to
an alarm. If any of the detectors detects no movement during
a certain period of time, this alarm is triggered, so that the
person can be wakened, or another person can be alerted
about this event.

[0004] However, although this device is useful and has
well-established advantages, it is not entirely satisfactory
because of the number of false positives and false negatives
that it generates. Because of their high sensitivity, infrared
detectors receive considerable background noise which often
makes the signals unusable and generates false data, and this
is incompatible with a device intended to aid the detection of
major physiological problems, such as the presence of respi-
ratory arrest of the central apnea type with multiple etiolo-
gies. It has proved to be very difficult to distinguish signals
generated by a movement of the rib cage from signals genet-
ated by the environment. The determination of the presence or
absence of thoracic expansion by a simple, arbitrarily chosen
detection threshold may lead to numerous errors.

BRIEF DESCRIPTION OF THE INVENTION

[0005] One object of the present invention is to resolve, at
least partially, the problems associated with the monitoring of
the respiration of a person or animal. Notably, this is achieved
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by proposing a device and a method for detecting respiratory
movements, which require no contact with the person or
animal, and provide more reliable detection of the presence or
absence of a respiratory movement.

[0006] To this end, the method for monitoring the respira-
tion of a patient according to the invention is characterized in
that it comprises the following steps:

[0007] providing at least one passive infrared detector
targeting at least one location on the patient capable of
exhibiting respiratory movements,

[0008] providing, atasampling frequency {E, atleast one
sequence of discrete measurement signals originating
from the at least one passive infrared detector,

[0009] defining a series of N sliding time windows, start-
ing at different successive moments T, ., where 1 is an
integer from 1 to N representing each sliding time win-
dow with a length of AT, =T~ T,, ;, where T, denotes a
final time of a sliding time window numbered i,

[0010] subtracting from each of said discrete measure-
ment signals present in the same sliding time window a
continuous component calculated over a plurality of
these discrete measurement signals present in the same
sliding time window, to obtain at least one temporal
sequence of useful discrete signals,

[0011] generating at each final time Ty; an indicator of
respiratory movements, calculated on the basis of a
mean amplitude calculated over a set of useful discrete
signals included in a sliding time window with a length
of AT, preceding said time T, of the sliding time win-
dow numbered i.

[0012] This method can be used to analyze discrete mea-
surement signals providing at least one passive infrared
detector targeting at least one location on the patient capable
of exhibiting respiratory movements, and to provide better
discrimination between erroneous movement detections and
real detections. This method can also be used to analyze
low-amplitude signals when high background noise is
present. Thus the detection of an absence of respiratory move-
ment takes place with high accuracy, and the alarm is not
triggered inopportunely.

[0013] In a particular embodiment of the invention, the
method includes a step of calculating a mean amplitude,
consisting in:

[0014] calculating an RMS value of a set of useful dis-
crete signals included in a sliding time window with a
length of AT,,

[0015] comparing said RMS value with a predefined
threshold of detection of a respiratory movement, by the
calculation of a mean amplitude.

[0016] The method according to this embodiment can be
used to compare, for each sliding time window, the mean
amplitude of a set of useful discrete signals in said time
window in question with predefined values, thus further
improving the detection sensitivity of the method.

[0017] In another particular embodiment of the invention,
the method includes a step of spectral analysis of a set of
useful discrete signals included in a sliding time window,
followed by the determination of the two highest peaks
present in the spectral analysis of the set of useful discrete
signals included in said sliding time window, followed by a
step of comparison of the frequency of the highest peak with
a specified frequency range, followed by the calculation of a
coefficient for determining the presence or absence of a res-
piratory movement. As a result of this embodiment, if a set of
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useful discrete signals is not sufficiently distinguished from
the signals generated by background noise and transmitted by
the at least one passive infrared detector targeting at least one
location on the patient capable of exhibiting respiratory
movements, it is possible to classify a set of useful discrete
signals included in a sliding analysis window, thus further
improving the sensitivity of the method for detecting the
presence or absence of a respiratory movement.

[0018] The invention is also applicable to a device for
detecting the presence or absence of a respiratory movement
in a person or animal.

[0019] These aspects and other aspects of the invention will
be clarified in the detailed description of particular embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Reference will be made to the drawings of the fig-
ures, in which:
[0021] FIG. 1 shows, in a schematic manner, a device

according to the invention.

[0022] FIG. 2 shows, in a schematic manner, a particular
embodiment of a device according to the invention.

[0023] FIG. 3 shows, in a schematic manner, various steps
of a method for applying the invention.

[0024] FIG. 4 shows, in a schematic manner, steps of a
particular embodiment of the method according to the inven-
tion.

[0025] FIG. 5a shows, in a schematic manner, a superim-
position of sliding time windows with a length of AT,, sepa-
rated by a constant time interval.

[0026] FIG.5b shows, in a schematic manner, some steps of
a method for applying the invention.

[0027] The drawings in the figures are not to scale. In most
cases, similar elements are denoted by similar references in
the figures. The presence of reference numerals in the draw-
ings is not to be considered as limiting, even where these
numerals are mentioned in the claims.

DEFINITIONS

[0028] A measurement signal is a signal directly generated
by a passive infrared detector. A measurement signal may be
filtered and/or amplified. A discrete measurement signal is a
measurement signal that is transmitted to an apparatus for
processing a signal at a specified sampling frequency. A use-
ful discrete signal is a discrete measurement signal included
in a sliding time window from which the continuous compo-
nent of said discrete measurement signal has been subtracted.
[0029] The term “passive infrared detector” is to be inter-
preted as meaning a detector that can detect infrared radiation
emitted by a radiant heat transfer, but cannot transmit this
radiation. However, a passive infrared detector according to
the invention may transmit radiation of the type transmitted
according to a Wi-F1 or ZigBee protocol for the transmission
of data relating to detected and measured infrared radiation.
An example of a passive infrared detector may be a detector
comprising two pyroelectric elements sensitive to infrared
radiation. The two pyroelectric elements receive infrared
radiation and supply a signal proportional to the quantity of
infrared radiation received. A quantity differential between
the infrared radiation received by each of the pyroelectric
elements of the same passive infrared detector is calculated
by said detector, and said detector generates an electrical
signal which is the measurement signal. Typically, it is when
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amovement of a human or animal body takes place in the field
of detection of a passive infrared sensor that a differential
exists between the two pyroelectric elements of the same
passive infrared detector. When a human or animal body
moves, the two pyroelectric elements do not receive the same
quantity of infrared radiation. A passive infrared detector
therefore converts a movement into an electrical signal.

DETAILED DESCRIPTION OF PARTICULAR
EMBODIMENTS

[0030] Reference will be made initially to FIG. 1 which
represents a device according to the invention. At least a part
of the device can be fastened to a base (9) in the proximity of
a bed (2) where the person (1) to be monitored is located. At
least a part of the device can also be arranged on a supple-
mentary structure fixed to a bed (2) and/or incorporated into
the structure of the bed (2) itself. This part of the device
comprises at least one passive infrared detector (4) targeting
at least one location on the patient capable of exhibiting
respiratory movements, such as the rib cage or the abdomen,
for example. The device can also comprise a curved support
(3) intended to support at least one passive infrared detector
(4). Preferably, a passive infrared detector (4) is a detector
comprising at least two piezoelectric sensors (a “dual sensor”
detector), and even more preferably it comprises at least four
piezoelectric sensors (a “quad sensor” detector), a piezoelec-
tric sensor being an element sensitive to passive infrared
radiation. According to these embodiments, the detection ofa
respiratory movement is even more sensitive when a plurality
of piezoelectric elements are present. Furthermore, when a
passive infrared detector (4) comprises at least four piezo-
electric sensors, the problems related to the directional sen-
sitivity of the detectors can be reduced. The passive infrared
detector or detectors (4) are connected by connecting means
(5) to adifferential amplifier (6). The differential amplifier (6)
is connected to a signal processing means (7). The signal
processing means (7) is connected to a visual and/or audible
alarm means (8) located close to or at a distance from the
device.

[0031] Since respiratory movements are low-amplitude
movements, the at least one passive infrared detector (4) can
be supplemented by a means for concentrating the incident
infrared radiation toward the pyroelectric elements in order to
improve the sensitivity of the passive infrared detectors (4). A
means of this type may be, for example, a Fresnel lens or a
segmented parabolic lens. A means of this type enables the
incoming useful signal to be concentrated toward the pyro-
electric elements of a passive infrared detector (4). These
means are well known to persons skilled in the art and willnot
be described further. Alternatively, it is possible to add to the
at least one passive infrared detector (4) a lens for detecting
the radiation present in a central area of the detector while
simultaneously detecting radiation present at the periphery of
the detector. For example, a wide-field lens, such as a lens for
detecting radiation present in a field of the passive infrared
detector in the range from —90° to +90° in the horizontal field,
and from -84° to +84° in the vertical field, may be used. A
lens of this type makes it possible to avoid the presence of a
blind field (there is no detection of any variation of infrared
radiation in the blind field) in a detection field of a passive
infrared detector (4).

[0032] The passive infrared detector (4) may also be
enhanced to provide increased sensitivity to low-amplitude
movements. The detector (4) is thus more sensitive to move-
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ments, and its detection dynamics are improved. The sensi-
tivity of the detector may thus be in the range from 0.1 to 10
V,,, more preferably from 3 to 4.5V, , and even more pref-
erably from 3.3 to 3.6 Vi

[0033] There is no limit to the number of passive infrared
detectors (4) that can be included in the device. The number
may be, for example, 1,2,3,4,5,6,7,8,9 or 10 detectors. The
number of detectors may be in the range from 1 to 10, from 1
to 9, from 1 to 8, or from 3 to 6. Preferably, the number of
detectors is six, distributed in three housings, each compris-
ing two passive infrared detectors (4). The distance between
the passive infrared detectors (4) and the location on the body
of a person or animal capable of exhibiting periodic move-
ments associated with respiration may be in the range from 20
cm to 200 cm, or preferably from 25 cm to 150 cm. The
positioning of the passive infrared detectors (4) around the
location on the body of a person or animal that is capable of
exhibiting periodic movements associated with respiration
may conform to a 90° arc of a circle (3), as shown in FIG. 1.
The expression “targeting at least one location on the patient
capable of exhibiting respiratory movements” is to be intet-
preted as meaning that the location on the patient capable of
exhibiting respiratory movements is in the detection field of
the at least one passive infrared detector (4). The detection
field of a passive infrared detector (4) is generally a cone with
an aperture in the range from 30° to 70°. This field may be
modified by the addition of lenses as explained above.

[0034] Since respiratory movements are low-amplitude
movements, the measurement signal leaving the at least one
passive infrared detector may be of low amplitude. A differ-
ential signal amplifier (6) for a passive infrared detector can
be used. This amplifier is connected to the at least one passive
infrared detector (4) by conventional connecting means (5)
placed between an amplifier (6) and a passive infrared detec-
tor (4). Each passive infrared detector (4) is connected to the
amplifier (6). The amplifier (6) is connected to a signal pro-
cessing means (7). An analog/digital converter may also be
provided between the amplifier (6) and the signal processing
means (7). These amplifiers (6) are well known in the prior
art. A differential amplifier (6) may be, for example, an opera-
tional amplifier. The signal processing means (7) is connected
to a visual and/or audible alarm (8). According to a preferred
embodiment of the invention, as shown in FIG. 2, an addi-
tional passive infrared detector (10), targeting the environ-
ment of the patient (1), or a part of the patient (1) not capable
of exhibiting movements related to respiration, is provided.
The signal processing means may be an analog and/or digital
signal processing means. Preferably, the signal processing
means is a digital means.

[0035] Reference will now be made to FIG. 3. The method
for monitoring the respiration of a patient comprises the fol-
lowing steps:

[0036] 1) providing at least one passive infrared detector
targeting at least one location on the patient capable of
exhibiting respiratory movements,

[0037] 1ii) providing, at a sampling frequency fE (110), at
least one sequence of discrete measurement signals (200)
originating from the at least one passive infrared detector,

[0038] 1iii) defining a series of N sliding time windows
(210), starting at different successive moments where i is
an integer from 1 to N representing each sliding time win-
dow with a length of AT,=T,-T,,, where T/, denotes a
final time of a sliding time window numbered i,
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[0039] iv) subtracting from each of said discrete measure-
ment signals present in the same sliding time window (300)
a continuous component (310) calculated over a plurality
of these discrete measurement signals (300) present in the
same sliding time window, to obtain at least one temporal
sequence of useful discrete signals (400),

[0040] v) generating at each final time Ty, an indicator of
respiratory movements (410), calculated on the basis of a
mean amplitude calculated over a set of useful discrete
signals (400) included in a sliding time window with a
length of AT, preceding said time T, of the sliding time
window numbered i.

[0041] Theatleastone passive infrared detector targeting at
least one location on the patient capable of exhibiting respi-
ratory movements detects the movements of a heat source in
a continuous manner, and converts this movement to a con-
tinuous measurement signal (100). This continuous measure-
ment signal (100) is transmitted by the at least one passive
infrared detector (4) to anamplifier (6), the latter transmitting
the amplified signal to the signal processing means (7). The
transmission of the measurement signals takes place at a
specified sampling frequency fE (110), thus converting a
continuous measurement signal (100) to a sequence of dis-
crete measurement signals (200). This step is therefore a
sampling of a continuous measurement signal (100), enabling
a sequence of discrete measurement signals (200) to be
obtained, this sequence being composed of a plurality of
signal measurements detected at a plurality of successive
moments, at a specified sampling frequency fE (110). This
frequency fE may, for example, be in the range from 0.1 to
100 hertz. Preferably, this frequency may be in the range from
0.1 to 50 hertz. Even more preferably, this frequency may be
in the range from 1 to 10 hertz. Also more preferably, the
frequency fE is 10 hertz. Preferably, a range of wavelengths
transmitted by the at least one passive infrared detector (4)
can be selected, in order to transmit only a part of the infrared
radiation. Thus, a continuous measurement signal (100) can
be transmitted solely for wavelengths in the range from 8 pm
to 14 pum. This wavelength selection may be carried out by
means of an optical filter, provided in the at least one passive
infrared detector (4), and/or by the provision of a filter at the
piezoelectric sensor of the at least one passive infrared detec-
tor (4), enabling the piezoelectric sensor to transmit only the
signals corresponding to wavelength variations in the range
from 8 pm to 14 pm. Also preferably, a range of particular
frequencies can be amplified. Thus, it is preferable to amplify
only the signals whose frequency is in the range from 0.01 Hz
to 10 Hz, and even more preferably from 0.01 Hz to 7 Hz.
According to this preferred embodiment, only the signals
present in the defined frequency window are amplified, these
signals representing the useful signal, because they represent
the frequency of the respiratory movement. The signals
present outside this amplification window are therefore not
amplified, thus enabling the further analysis of the useful
signal to be improved, because these signals represent phe-
nomena other than a respiratory movement. It is possible to
select the signals having a wavelength in the range from 0.01
Hz to 10 Hz, or more preferably from 0.01 Hz to 7 Hz, by
providing a low-pass filter (for retaining only the signals
having a frequency below a specified upper limit) and a low-
pass filter (for retaining only the signals having a frequency
higher than the specified lower limit). The radiation selected
in this way is then amplified by means of an operational
amplifier. It is also possible to define a cut-off frequency for
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the signal amplification process, with the aim of improving
the subsequent resolution of the transmitted signal. The aim
of this operation is to avoid the presence of noise in the
transmitted signal. In order to avoid this noise, any signal
whose frequency exceeds a predetermined value is not taken
into account in the subsequent analysis of the signal.

[0042] Ifmore than one passive infrared detector (4) target-
ing at least one location on the patient (1) capable of exhib-
iting respiratory movements is present, each of the passive
infrared detectors (4) targeting at least one location on the
patient (1) capable of exhibiting respiratory movements
detects the respiratory movements in a continuous manner,
and converts this movement to a continuous measurenient
signal (100). Each of the continuous measurement signals
(100) is transmitted at the same specified sampling frequency
fE (110), thus converting all the continuous measurement
signals (100) to the same number of sequences of discrete
measurement signals (200). Each of the sequences of discrete
measurement signals (200) is then analyzed separately.
[0043] The series of discrete measurement signals (200)
may be processed as they are transmitted to the signal pro-
cessing means (7) during the monitoring of a person (1), but
they may also be stored for later analysis.

[0044] The method comprises a step of defining a series of
N sliding time windows (210), starting at different successive
moments T, ; where i is an integer from 1 to N representing
each sliding time window, with a length of AT=T,-T,, .,
where T, denotes a final time of a sliding time window
numbered i. N is an integer greater than 0. This step of the
method is shown in FIG. 5a. A sliding window 1 is delimited
by boundaries (T, , and T,,) sliding in time according to a
specified time interval (50). The length AT, of a sliding time
window may be defined as a function of a duration of a
patient’s normal respiratory cycle. This window must be no
shorter than the duration of the patient’s normal respiratory
cycle, inorder to provide a periodic characteristic in the series
of discrete measurement signals (200). This sliding time win-
dow must not be too long, in order to enable an absence of
respiratory movement to be detected as soon as possible. This
window must not be less than the inverse of the sampling
frequency fE (AT >1/{E). For example, in the case of an adult
human, if the duration of the person’s normal respiratory
cycleis 5 seconds, a sliding time window may be in the range
from 5 seconds to 20 seconds, or preferably from 10 seconds
to 15 seconds. Sliding time windows follow each other
according to a specified time interval. A time interval may, for
example, be in the range from 0.5 second and 4 seconds; it
may also be in the range from 0.5 to 2 seconds. Preferably, the
time interval between each time window is 1 second. Each
sliding time window therefore comprises a set of discrete
measurement signals (200), the number of which depends on
the duration of the length AT, of the sliding time window and
on the sampling frequency fE. Preferably, the sliding time
windows have a constant length AT,, but it is possible to have
sliding time windows with a variable length AT,. The method
therefore comprises a step of determining time windows
which follow each other and may overlap, in order to obtain
an indicator of respiratory movement in each time window,
where said time windows may overlap, may follow each
other, and/or may be spaced apart in time. Thus the time
windows that are defined permit the continuous monitoring of
the respiration of a patient or an animal.

[0045] Themethod comprises a step which, for each sliding
time window, consists in subtracting from each of said dis-
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crete measurement signals present in the same sliding time
window (300) a continuous component (310) calculated over
a plurality of these discrete measurement signals present in
the same sliding time window (300), to obtain at least one
temporal sequence of useful discrete signals (400). This step
of the method is shown in FIG. 55. A continuous compornent
(310) of a set of discrete measurement signals of a given
window (300) may, for example, be calculated by replacing
each discrete measurement signal with a moving mean cal-
culated over a plurality of discrete measurement signals of the
same time window (300). For example, the number of dis-
crete measurement signals to be taken into account in order to
define a continuous component can be determined as a func-
tion of the duration of the person’s normal respiration rate.
Thus, in the case of an adult human, where the duration of a
normal respiratory cycle is 5 seconds, the number of discrete
measurement signals to be considered for the calculation of a
continuous component of a set of discrete measurement sig-
nals may be equal to the number of discrete measurement
signals required to cover a duration of approximately 5 sec-
onds. At the ends of the sliding time windows, the moving
mean is calculated over a smaller number of signals as the
boundaries of the sliding windows are approached. A moving
mean can also be calculated over a number of discrete mea-
surement signals (300) in the range from 15 to 45. For
example, ifthe frequency {E is equal to 10 Hz, amoving mean
can be calculated with 45 discrete measurement signals (300).
The moving mean calculated in this way for each discrete
signal is subtracted from each discrete signal of a set of
discrete measurement signals of the sliding time window in
question (300) in order to provide a temporal sequence of
useful discrete signals (400).

[0046] The method also comprises a step of generating at
each final time T,, an indicator of respiratory movements
(410) calculated on the basis of a mean amplitude calculated
over aset of useful discrete signals (400) included in a sliding
time window with a length of AT, preceding said time T, of
the sliding time window numbered i. The analysis is therefore
an analysis of discrete signals, instead of continuous signals.
The signal is therefore analyzed by the determination of its
amplitude, that is to say the size of the variation of its fre-
quency, representing the amplitude of the respiratory move-
ment. It is the size of the respiratory movement, not its fre-
quency, that is the determining factor for the detection or
non-detection of a respiratory movement. The frequency of
respiration is taken into account in the definition of the sliding
time windows. The method comprises a step of analyzing the
amplitude of the signal, and the frequency of this amplitude is
indirectly taken into account by the definition of the sliding
time windows with a specified duration which follow each
other and/or overlap according to a specified time interval,
resulting in a more precise and comprehensive method. Thus,
by using the method of the invention, it is possible to detect a
low-amplitude respiratory movement, and to classify it as an
absence of respiratory movement if the amplitude of this
movement is below a predetermined threshold. Tt is thus
possible to classify some low-amplitude respiratory move-
ments, often synonymous with the presence of a problem, as
representing an absence of respiratory movement. Thus, if a
patient or an animal exhibits a low-amplitude respiratory
movement, a warning can be given.

[0047] Depending on the value of a mean amplitude of a set
of useful discrete signals (400) in a sliding time window with
a length of AT,, the method will classify said time window in
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question either in the category of detection of a respiratory
movement (500) or in the category of the absence of detection
of a respiratory movement (600). The threshold of detection
of arespiratory movement by calculation of the mean ampli-
tude of a set of useful discrete signals included in a sliding
time window with a length of AT, is dependent on the noise
generated by the measurement circuit (passive infrared detec-
tor, amplifier), and can therefore be determined empirically.
Depending on the nature of the passive infrared detector and
the associated operational amplifier, the threshold of detec-
tion of the presence of a respiratory movement may be deter-
mined, for example, by the execution of the method in con-
trolled conditions. For example, if a Murata IRA-E700
passive infrared detector and an OPA2340UA amplifier are
used, this threshold is in the range from 150 to 160 mV. The
threshold of determination of the detection of a respiratory
movement by calculation of a mean amplitude may therefore
besetat 150 mV, 151 mV, 152 mV, 153 mV, 154 mV, 155 mV,
156mV, 157 mV, 158 mV, 159 mV, or 160 mV. If the value of
the mean amplitude is greater than or equal to this threshold,
then a respiratory movement has been detected (500).

[0048] Preferably, in the step of generating at each final
time Ty, an indicator of respiratory movements (410), this
indicator is calculated on the basis of a mean amplitude cal-
culated over a set of useful discrete signals (400) included in
asliding time window with a length of AT, directly preceding
said time T, of the sliding time window numbered 1.

[0049] According to a preferred embodiment of the inven-
tion, the calculation of the mean amplitude in step v) of the
method comprises the steps of:

[0050] calculating an RMS amplitude value of a set of
useful discrete signals (400) included in a sliding time
window with a length of AT,,

[0051] comparing said RMS value with a predefined
threshold of detection of a respiratory movement, by the
calculation of an RMS value.

[0052] The expression “RMS amplitude value” is to be
interpreted as meaning the root mean square value of the
amplitude, that is to say the root of the sum of squares divided
by the number of elements in the sum.

[0053] The step of calculating an RMS amplitude value
makes it possible to measure the oscillating component of a
set of useful discrete signals (400) included in a given sliding
time window, and thus to obtain a mean amplitude of the
signal composed of the set of useful discrete signals (400)
included in the given sliding time window. The threshold of
detection of a respiratory movement by calculation of an
RMS value is dependent on the noise generated by the mea-
surement circuit (passive infrared detector, amplifier), and
can therefore be determined empirically. Depending on the
nature of the passive infrared detector and the associated
operational amplifier, the threshold of detection of the pres-
ence of a respiratory movement may be determined, for
example, by the execution of the method in controlled con-
ditions. For example, if a Murata IRA-E700 passive infrared
detector and an OPA2340UA amplifier are used, this thresh-
old is in the range from 150 to 160 mV. The threshold of
determination of the detection of a respiratory movement by
calculation of an RMS amplitude may therefore be set at 150
mV, 151mV, 152mV, 153 mV, 154 mV, 155mV, 156 mV, 157
mV, 158 mV, 159 mV, or 160 mV. If the RMS amplitude value
is greater than or equal to this threshold, then a respiratory
movement has been detected (500).
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[0054] According to a preferred embodiment of the inven-
tion shown in FIG. 4, a supplementary step is provided. This
step consists in:

[0055] generating a spectral signal (610) of a set of use-
ful discrete signals (400) included in a sliding time win-
dow with a length of AT,

[0056] determining the two highest peaks of said spectral
signal (700),

[0057] comparing (710) the frequency of the highest
peak with a plausible frequency range of the respiratory
movements,

[0058] calculating (720) a coefficient (900) according to
the formula:

(H1 - H2)?

where
H1 is the amplitude of the highest peak,
H2 is the amplitude of the second highest peak,
[0059] Hx is theamplitude of the second highest peakifthis
amplitude is other than zero, or the amplitude of the highest
peak if the amplitude of the second highest peak s zero,
[0060] determining the presence of a respiratory move-
ment by comparison between the coefficient (900)
obtained in the preceding step and a predetermined
threshold of detection of a respiratory movement by
calculation of a coefficient. This supplementary step is
provided for the purpose of analyzing a set of useful
discrete signals (400) included in a sliding time window
if the analysis of the mean amplitude does not enable the
presence of a respiratory movement to be detected (600),
and therefore if the mean amplitude is below the thresh-
old of detection of a respiratory movement by calcula-
tion (410) of the mean amplitude of a set of useful
discrete signals (400) included in a sliding time window.
This 1s because the background noise may possibly be so
great that the analysis of the mean amplitude cannot
provide a usable result for certain sets of useful discrete
signals included in a sliding time window. This step
enables the presence of a respiratory movement to be
distinguished even more clearly from the absence of a
respiratory movement.
[0061] Thus, if a mean amplitude of a set of useful discrete
signals included in a sliding time window is below the thresh-
old of detection of a respiratory movement by calculation of
the mean amplitude or by calculation of the RMS value (600),
a spectral analysis (610) is performed on said set of useful
discrete signals (400) included in a given sliding time win-
dow. This spectral analysis can be performed on the basis of
any number of useful discrete signals (400). According to a
preferred embodiment of the invention, a spectral analysis
can be performed by means of a Fourier transform, in which
case a number of signals equal to a power of two can be
selected from among the set of useful discrete signals (400)
included in a given sliding time window. This selection can be
carried out in an arbitrary manner.
[0062] The frequency of the two highest peaks of said spec-
tral signal is determined. If the frequency of the highest peak
is outside a specified frequency range (710), the sliding time
window in question is analyzed as an absence of detection of
arespiratory movement (800). This specified frequency range
(710) is a plausible frequency range for detecting respiration.
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For example, for an adult human the duration of a respiratory
cycle, which may vary with the age and physiology of the
person, is in the range from 1 to 5 seconds. In this case, the
frequency range may be from about 0.20 Hz to about 1 Hz, or
more preferably from 0.23 to 1.02 Hz. If the frequency of the
highest peak is within said specified frequency range, a coef-
ficient is calculated (720) according to the previous formula.
If the result of the coefficient (900) is greater than or equal
(901) to a specified value, the sliding time window in question
is analyzed as the presence of a respiratory movement (500).
If the result of the coefficient (900) is less (902) than a speci-
fied value, the sliding time window in question is analyzed as
the absence of arespiratory movement (800). This coefficient
(900) is determined empirically so as to eliminate erroneous
detections without eliminating correct detections of a respi-
ratory movement. This coefficient (900) may, for example, be
equal to 10.

[0063] According to a preferred embodiment of the inven-
tion, a step consisting in:

[0064] determining, for each sliding time window i,
whether a set of useful discrete signals (400) included in
said sliding time window indicates the detection of a
respiratory movement (500),

[0065] if no sliding time window at a given time T,
indicates the detection of respiratory movement (600 or
800), classifying said sliding time window i as contain-
ing no respiratory movement,

[0066] if a specified number of successive sliding time
windows are classified as containing no respiratory
movement (600 or 800), triggering a visual and/or
audible alarm,

is provided.

[0067] For each of the one or more passive infrared detec-
tors, each sliding time window is analyzed as detecting the
presence of a respiratory movement (500), or the absence of
a respiratory movement (600 or 800), at a given time T, If
only one passive infrared detector is provided, the result of the
analysis of a set of useful discrete signals (400) in a sliding
time window corresponds to the detection or non-detection of
arespiratory movement. If at least two passive infrared detec-
tors are provided, each of the concomitant sliding time win-
dows at a given time T, obtained from each of at least two
passive infrared detectors is analyzed, and the most favorable
result is retained for the set of the concomitant sliding time
windows at the given time T,,. Thus, if only one sliding time
window is classified as a detection of the presence of a res-
piratory movement (500), then the set of sliding time win-
dows at the given time T, is classified as detecting the pres-
ence of a respiratory movement.

[0068] If all the concomitant sliding time windows at a
giventime T, or the only sliding time window at a given time
T, are analyzed as signifying an absence of respiratory
movement (600 or 800), then the whole set is classified as an
absence of respiratory movement. After a specified number of
successive sliding windows, if all the successive sets of con-
comitant sliding time windows at a given time T, and at each
time interval are classified as an absence of respiratory move-
ment (600 or 800), then a step of triggering a visual and/or
audible alarm is provided. The number of successive sliding
time windows required before said alarm is triggered is deter-
mined according to the duration of the time interval between
each sliding analysis window, and according to the patient, so
that an alarm is triggered when the duration of the absence of
respiratory movement is considered abnormal. For example,
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in the case of an adult human, if the time interval between
each sliding time window is 1 second, the number of succes-
sive sliding time windows may be in the range from 15 to 30,
or preferably 20. A minimum period of time before the trig-
gering of the alarm may be specified, depending on the spe-
cies (human or animal). By way of example, if the respiratory
movements of an adult human are monitored, this period of
time may be in the range from 10to 60 seconds, or from 10 to
45 seconds, or from 10 to 30 seconds, or from 20 to 30
seconds. Alternatively, this period of time may be 10, 15, 20,
25, 30, 35, 40, 45, 50, 55 or 60 seconds. Thus, if a period
during which no sliding time window detects a movement is
in the range from 10 to 60 seconds, or from 10 to 45 seconds,
or from 10 to 30 seconds, or from 20 to 30 seconds, an alarm
is triggered. This period of time may be predetermined
according to a normal respiration rate of a person or an ani-
mal. In this case, the period of time may be equal to or greater
than two normal respiration cycles of a person or an animal.

[0069] Inapreferred embodiment of the invention, a step of
processing a discrete measurement signal (200) is provided.
This step consists in applying a median filter and an averaging
(or low-pass) filter to said discrete measurement signals
(200). This step makes it possible to eliminate excessive
oscillations of the signal and excessively high frequencies,
thus further improving the subsequent analysis of the useful
discrete signal (400). For example, the median filter may
consist in replacing each discrete measurement signal (200)
with the median value of this discrete measurement signal, of
the discrete measurement signal preceding it, and of the dis-
crete measurement signal following it. Each discrete mea-
surement signal is therefore converted to a median discrete
measurement signal resulting from the application of a
median filter to a plurality of successive signals. Preferably,
the number of successive signals used to calculate the median
value is 3, 5, 7, 9, 11, 13, 15, 17, 19 or 21. Even more
preferably, the median value is calculated on the basis of three
successive signals. A low-pass filter may, for example, consist
in replacing each discrete measurement signal (200) with a
mean calculated on the value of this discrete measurement
signal, on that of the discrete measurement signal preceding
it,and on that of the discrete measurement signal following it.

[0070] According to an even more preferable embodiment
of the invention, shown in FIG. 2, at least one additional
passive infrared detector (10), targeting a part of the body not
capable of exhibiting respiratory movements or targeting the
environment of a person, is provided. This at least one addi-
tional passive infrared detector (10) is used to supply, at a
sampling frequency fE, a sequence of discrete background
noise measurement signals, called the background signal,
originating from said additional detector (10). This detector
may be identical to the at least one passive infrared detector
targeting a part of the body capable of exhibiting respiratory
movements.

[0071] The at least one additional passive infrared detector
(10) targeting a part of the body not capable of exhibiting
respiratory movements or targeting the environment of a per-
son may, for example, be aimed substantially perpendicularly
to the at least one passive infrared detector (4) targeting a part
of the body capable of exhibiting respiratory movements. The
detection field of the additional passive infrared detector (10)
targeting a part of the body not capable of exhibiting respira-
tory movements or targeting the environment of a person may
have a detection field in the range from 30° to 45°. In other
words, the detection field of the at least one additional passive
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infrared detector (10) targeting a part of the body not capable
of exhibiting respiratory movements or targeting the environ-
ment of a person is not aimed toward a location on the patient
capable of exhibiting respiratory movements. The sensitivity
of the at least one passive infrared detector targeting a part of
the body not capable of exhibiting respiratory movements or
targeting the environment of a person may have a sensitivity
equivalent to the at least one passive infrared detector (4)
targeting a part of the body capable of exhibiting respiratory
movements.

[0072] This preferred embodiment may include a step com-
prising the subtraction of a background signal, originating
from the additional passive infrared detector (10) targeting a
part of the body not capable of exhibiting respiratory move-
ments or targeting the environment of a person, from a con-
comitant discrete measurement signal (200) originating from
the passive infrared detector targeting a part of the body
capable of exhibiting respiratory movements. The discrete
measurement signal (200) generated in this way is then ana-
lyzed according to the various steps of the method described
above.

[0073] Theinvention also relates to a device for monitoring
the respiration of a person or an animal. This device, shown in
FIG. 1, comprises:

[0074] at least one passive infrared detector (4) adapted
to target at least one location on a patient (1) capable of
exhibiting respiratory movements,

[0075] at least one amplifier (6) for the at least one pas-
sive infrared detector (4),

[0076] at least one signal processing means (7) pro-
grammed to execute a step of defining a series of N
sliding time windows starting at different successive
moments T, ; and having a length A;; a step of subtract-
ing from each of said discrete measurement signals
present in the same sliding time window a continuous
component calculated over a plurality of these discrete
measurement signals present in the same sliding time
window, to obtain a temporal sequence of useful discrete
signals; and a step of generating, at each final time T,
an indicator of respiratory movements calculated on the
basis of a mean amplitude of a set of useful discrete
signals contained in a sliding window with a length of
AT,

[0077] at least one visual and/or audible alarm (8).
[0078] These elements are interconnected by conventional
connecting means (5) known to persons skilled in the art. The
device may also comprise an analog/digital converter.
[0079] The discrete signal processing means (7) is con-
nected to a luminous and/or audible alarm (8) which may be
local or remote. This alarm device (8) is triggered by the
signal processing means (7) if the latter detects no respiratory
movements during a specified period of time according to the
method.

[0080] According to a preferred embodiment of the inven-
tion, the device comprises a discrete signal processing means
(7) programmed to execute the other the steps of the method.
Thus, the signal processing means (7) can be programmed to
execute a step of subtracting a background signal from a
discrete measurement signal. The signal processing means
can be programmed to calculate an RMS value of amplitude
of a set of useful discrete signals, and to compare said RMS
value of amplitude with a threshold of detection by calcula-
tion of a mean amplitude. The signal processing means can
also be programmed to generate a spectral signal from a set of
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useful discrete signals, to determine the frequency of the two
highest peaks present in said spectral signal, to compare the
frequency of the highest peak with a plausible predetermined
frequency range of respiratory movements, to calculate a
coefficient of amplitude comparison according to the for-
mula:

(H1 - H2)?
Hx

where

H1 is the amplitude of the highest peak,

H2 is the amplitude of the second highest peak, and

Hx is the amplitude of the second highest peak if this ampli-
tude is other than zero, or the amplitude of the highest peak if
the amplitude of the second highest peak is zero,

and to compare the coefficient of comparison of amplitude
with a predetermined threshold of detection by calculation of
a coefficient.

[0081] The device can also be programmed to classify a set
of one or more sliding time windows as containing no respi-
ratory movements and to trigger an alarm if a specified num-
ber of successive sliding time windows do not detect any
respiratory movements.

[0082] According to an even more preferable embodiment
of the invention, shown in FIG. 2, the device also comprises at
least one additional passive infrared detector (10) targeting a
part of the body not capable of exhibiting respiratory move-
ments or targeting the environment of a patient.

[0083] An exemplary embodiment of some steps of the
method is shown in FIGS. 5¢ and 55. A plurality of time
windows (AT, AT,, AT, AT, ) follow each other according to
a specified time interval (50). A sequence of discrete mea-
surement signals (200) is generated by a passive infrared
detector. For the window i in question, only the discrete
measurement signals included in the time interval AT, are
analyzed. For each of these discrete measurement signals
included in the window AT, a continuous component (310) is
calculated by calculating the mean of each discrete signal, of
the discrete signal preceding it, and of the discrete signal
following it. This continuous component (310) is subtracted
from each discrete measurement signal (300), enabling a
temporal sequence of useful discrete signals (400) to be
obtained. For this sequence (400), the mean amplitude is
calculated. The value of this mean amplitude is then com-
pared with a detection threshold by calculating a predefined
mean amplitude.

[0084] The invention can also be defined as relating to a
method for determining the presence of a respiratory move-
ment in a human or an animal. This method comprises the
detection of movement by a passive infrared detector and the
analysis of signals transmitted by this detector. The invention
also relates to an apparatus for executing a method of detect-
ing a respiratory movement.

1. A method for monitoring the respiration of a patient,

comprising the following steps:

1) providing at least one passive infrared detector targeting
at least one location on the patient capable of exhibiting
respiratory movements,

11) providing, at a sampling frequency fE (110), at least one
sequence of discrete measurement signals (200) origi-
nating from the at least one passive infrared detector,
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iii) defining a series of N sliding time windows (210),
starting at different successive moments T,, , where i1is
an integer from 1 to N representing each sliding time
window with a length of AT=T,-T, , where T,
denotes a final time of a sliding time window numbered
i,

iv) subtracting from each of said discrete measurement
signals present in the same sliding time window (300) a
continuous component calculated over a plurality of
these discrete measurement signals (300) present in the
same sliding time window, to obtain at least one tempo-
ral sequence of useful discrete signals (400),

v) generating at each final time T, an indicator of respira-
tory movements (410), calculated on the basis of amean
amplitude calculated over a set of useful discrete signals
included in a sliding time window with a length of AT,
preceding said time T, of the sliding time window num-
bered i.

2. The method as claimed in claim 1, further comprising a

step consisting in:

providing at least one additional passive infrared detector
targeting at least one location on the patient not capable
of exhibiting respiratory movements, or targeting the
patient’s environment,

subtracting from the discrete measurement signals (200) of
step 11) a background signal originating from the at least
one passive infrared detector targeting at least one loca-
tion on the patient not capable of exhibiting respiratory
movements or targeting the patient’s environment.

3. The method as claimed in claim 1 or 2, further compris-
ing a step of calculating a mean amplitude comprising the
steps consisting of:

calculating an RMS amplitude value of a set of useful
discrete signals (400) included in a sliding time window
with a length of AT,

comparing said RMS amplitude value with a predefined
threshold of detection of a respiratory movement by
calculation of a mean amplitude.

4. The method as claimed in claim 3, further comprising a

step consisting in:

generating a spectral signal (610) of a set of useful discrete
signals (400) included in a sliding time window with a
length of AT,

determining the two highest peaks of said spectral signal
(700).

comparing (710) the frequency of the highest peak with a
plausible frequency range of the respiratory movements,

calculating (720) a coefficient (900) according to the for-
mula:

(H1 - H2)?
Hx

where
H1 is the amplitude of the highest peak,
H2 is the amplitude of the second highest peak,
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Hx is the amplitude of the second highest peak if this
amplitude is other than zero, or the amplitude of the
highest peak if the amplitude of the second highest peak
is zero,

determining the presence of a respiratory movement by a
comparison between the coefficient (900) obtained in
the preceding step and a predetermined threshold of
detection of a respiratory movement by calculation of a
coefficient.

5. The method as claimed in any one of the preceding

claims, further comprising a step consisting in:

determining, for a sliding time window, whether said set of
useful discrete signals (400) included in said sliding
time window indicates the detection of a respiratory
movement (500),

1f'no sliding time window indicates an absence of detection
of a respiratory movement (600 or 800), classifying said
sliding time window as containing no respiratory move-
ment,

if a predetermined number of successive sliding time win-
dows are classified as containing no respiratory move-
ment (600 or 800), triggering a visual and/or audible
alarm.

6. The method as claimed in any one of the preceding
claims, characterized in that the sampling frequency fE is in
the range from 0.1 Hz to 50 Hz.

7. The method as claimed in any one of the preceding
claims, characterized in that a median filter and a low-pass
filter are applied to said temporal sequence of discrete mea-
surement signals (200) of step 11).

8. The method as claimed in any one of the preceding
claims, characterized in that a sliding time window has a
length AT, in the range from 5 to 20 seconds.

9. The method as claimed in claims 3 to 7, characterized in
that the threshold of detection of a respiratory movement by
calculation of a mean amplitude of a set of useful discrete
signals (400) included in a sliding time window with a length
of AT, is in the range from 150 mV to 160 mV.

10. The method as claimed in claims 4 to 9, characterized
in that the threshold of detection of a respiratory movement
by a coefficient is greater than or equal to 10.

11. A device for monitoring the respiration ofa person or an
animal, comprising:

at least one passive infrared detector (4) adapted to target at
least one location on a patient (1) capable of exhibiting
respiratory movements,

atleast one amplifier (6) for the at least one passive infrared
detector (4),

at least one signal processing means (7) programmed to
execute steps 1iii), iv) and v) of claim 1,

at least one visual and/or audible alarm (8).

12. The device as claimed in the preceding claim, charac-
terized in that the signal processing means (7) is also pro-
grammed to execute a step of any one of claims 2,3, 4,5, 7 or
8.

13. The device as claimed in claim 11 or 12, characterized
in that it includes at least one additional passive infrared
detector (10), adapted to target a part of the body not capable
of exhibiting respiratory movements or adapted to target the
environment of a person.
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