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6. The method according to claim 1, characterized in that
D(t) is the sum of the sensor signals D,(t), i=1 to n from n
sensors.

7. The method according to claim 1, characterized in that a
plurality of sensor signals D,(t), i=1 to n is acquired from a
plurality of n sensors,

and one set of coefficients a, is determined for each one of

these n sensors.

8. The method according to claim 7, characterized in that
one transformation signal S,(t) is derived for each sensor i
according to

m

Si0 = ) agDitof,

k=0

and a summarized transformation signal S(t) is calculated as
the sum

Sw=)"50
i=1

of the transformation signals S;(t) of the sensors.
9. System (10; 30) for monitoring the respiration activity of
a subject (32), comprising:
at least one Doppler-Radar sensor (18) provided to acquire
a sensor signal D(t) representing the respiration activity
of a subject (32),
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characterized by a signal transformation unit (20) provided
for transforming the sensor signal D(t) into a transformation
signal S(t), S(t) being a series according to

S0 =" D,

k=0

where a, is a set of predetermined constant coefficients,

a storage unit (22) for storing sets a, of predetermined
constant coefficients,

and a processing unit (24) for processing the transforma-
tion signal S(t).

10. System according to claim 9, characterized by a plu-
rality of Doppler-Radar sensors (18) disposed at different
positions within a measurement range.

11. System according to claim 10, characterized in that said
sensor transformation unit (20) is provided for transforming a
sensor signal D,(t) of each sensor i into a transformation
signal S,(t) and to summarize the resulting transformation
signals S,(t) to a summarized transformation signal S(t).

12. System according to claim 10, characterized in that said
sensor transformation unit (20) is provided for summarizing
sensor signals D,(t) of the sensors to a sum D(t) and to trans-
forming the summarized signal D(t) into a transformation
signal S(1).
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METHOD AND APPARATUS FOR
MONITORING THE RESPIRATION
ACTIVITY OF A SUBJECT

FIELD OF THE INVENTION

[0001] The invention relates to the field of monitoring the
respiration activity of a subject, for example, in clinical appli-
cations, systems for monitoring the physiological state of a
driver or passenger in a vehicle, a biofeedback system for
controlling the subject’s relaxation, or the like.

BACKGROUND OF THE INVENTION

[0002] Monitoring systems for measuring the respiration
activity of a subject are known for various applications. For
example, in clinical intensive care situations, such applica-
tions are used to monitor the respiration activity of a patient.
Another application is a biofeedback system based on guided
breathing exercises to assist a subject to fall asleep. Moreover,
a further application for a method and a device for monitoring
the respiration activity is the early detection of the drowsiness
of a driver of a vehicle. In all these applications sensors are
used to acquire a sensor signal representing the respiration
activity of the subject of interest, and this signal is further
processed and interpreted by the system.

[0003] A measuring principle to monitor the respiration
effort is thorax inductive plethysmography, where a band is
placed around the subject’s thorax and monitors the change of
the cross sectional area of the thorax due to breathing.
Although such a so-called respiband is commonly used in
medical applications, however, it is not acceptable in con-
sumer product applications, like the above mentioned bio-
feedback systems or driver monitoring systems, since the
attachment of the band is inconvenient, cumbersome and not
acceptable for the common user. For this reason contactless
methods are preferred. Sensor based monitoring systems
exist that comprise an array of contactless sensors such as
radar sensors based on the Doppler-Radar principle. Each of
these sensors is able to detect a change of a distance during a
time period of an object from the sensor. Due to their opera-
tional principle Doppler-Radar sensors can be used for detect-
ing a breathing related thorax motion. They can readily be
integrated into furniture parts or in car equipment such as a
car seat or the steering wheel. For example, for the above
mentioned application of early detection of a driver’s drowsi-
ness, an array of Doppler-Radar sensors can be integrated into
the backrest of the drivers seat. By such an array a contactless
reliable monitoring of the breathing activity is possible.
[0004] In the use of the well-known method of inductive
plethysmography, as mentioned above, the signal processing
can be performed on the basis of a vast experience, however,
the method of contactless monitoring the respiration activity
with the help of Doppler-Radar sensors is more difficult
because of a lack of such experience. An important problem in
this context is that the algorithms developed for respiband
measurements cannot be readily transferred to Doppler-Ra-
dar sensor measurements and still have to be developed to
provide processing results with the same reliability. Gener-
ally there is a desire to apply the experiences with well-known
measurement techniques, like inductive or resistive measur-
ing, to the field of Doppler-Radar measurements.

SUMMARY OF THE INVENTION

[0005] It is therefore an object of the present invention to
provide a method for monitoring the respiration activity of a
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subject with the help von Doppler-Radar sensors wherein
basic signal processing techniques can be used that have
already been tested in the field of inductive plethysmography,
to simplify the development of a respective contactless moni-
toring system and to provide processing results with higher
reliability.

[0006] Another object of the present invention is to provide
a respective apparatus for monitoring the respiration activity
of a subject that operates according to the above mentioned
principles.

[0007] This objects are achieved by a method for monitor-
ing the respiration activity of the subject according to claim 1,
as well as by an apparatus according to claim 9.

[0008] According to the method according to the present
invention, a sensor signal D(t) of at least one Doppler-Radar
sensor is acquired that represents the respiration activity of a
subject. According to the well-known Doppler principle elec-
tro magnetic waves are reflected at the chest wall and undergo
a Doppler frequency shift if the chest wall is moving due to
the respiration of the subject. Therefore the received signal
contains information of the thorax motion.

[0009] This sensor signal D(t) is transformed into a so-
called transformation signal S(t), S(t) being a series according
to

m (H
S@) = Z a D)

k=0

that is, the transformation signal S(t) represents the sum of
terms each representing powers of the original sensor signal
D(t), multiplied by a constant coefficient a,. One set of a;, k=0
to m can be determined for a suitably chosen number m. The
resulting transformation signal S(t) can then be further pro-
cessed.

[0010] By the above mentioned equation (1), the original
sensor signal D(t) is transformed into a transformation signal
S(t) that represents an estimation of a corresponding induc-
tive plethysmographic signal measured at the same subject
under the same conditions. However, the transformation sig-
nal S(t) provides the advantage that it can be treated with
well-known signal processing methods, especially with the
same algorithnis as in measuring an inductive plethysmo-
graphic signal originally by a respiband, without the use of
Doppler-Radar sensors.

[0011] The mathematical relation between the Doppler-
Radar signal D(t) and the an estimated plethysmographic
signal S(t) according to equation (1) is based on the following
derivation.

[0012] The human thorax can be described by an artificial
torso model, where the radius of the thorax, which is assumed
to be cylindrical, changes due to breathing homogeneously
for all directions. The signal S(t) of an associated respiband
that extends around the circumference of the thorax can than
be expressed by

SO=0L(Ro+AR®)*=0L(Rg +2RARMD+AR (1)) @
[0013] In this equation (2) R(t) is the radius of the thorax,

that is separated in a reference radius R, and a time varying
term AR(t). Here, the length L is assumed to be constant.
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[0014] On the other hand, a Doppler-Radar signal acquired
by a Doppler-Radar sensor is proportional to the distance
AR(t) between the sensor and the subject only, according to
the following equation (3):

DO)=PAR(z) (©)

[0015] In order to transform the radar based measured sig-
nal D(t) to S(t), D(t) according to the above equation (3) is
inserted into equation (2), which gives:

2aLR, al “
S = aLRo + D(1) + — D(1)

B »

[0016]
terms:

S(ty=ag+a,Dity+a;D(1)? ®
[0017] Since a human torso has usually not a cylindrical
shape, the above expression (5) can be generalized as follows:

This expression can be written as a sum of three

” (1)
S) = Z a, D)

k=0

[0018] That is, above equation (1) represents a generaliza-
tion of the simplified torso model that has been assumed in the
above considerations.

[0019] a,is asetofpredetermined constant coefficients that
may be specific for a individual subject. Such aset of a, canbe
acquired in a calibration procedure in which a plethysmo-
graphic signal and a Doppler-Radar sensor signal are mea-
sured at the same time, and a set of a, is derived from this
measurement. The number m can be chosen arbitrarily.
[0020] Once a set of a, is determined for a subject to be
monitored, an estimated transformation signal S(t) can be
determined by being transformed from the Doppler-Radar
sensor signal D(t) and further processed according to the
signal processing methods applicable to inductive plethys-
mographic signals. With other words, the estimated transfor-
mation signal S(t) is treated like an original respiration signal
acquired with a respiband.

[0021] According to a preferred embodiment of the present
invention, the set of coefficient a, is taken from a look-up
table.

[0022] In this case the set of coefficient a, is present when
the measurement begins and can be taken, for example, from
a suitable storage unit to transform the measured sensor sig-
nal D(t) to the transformation signal S(t), that can be further
processed.

[0023] According to another preferred embodiment, this
look-up table contains a plurality of different sets of coeffi-
cients ay.

[0024] To use a set a, that is specific for an individual
subject, each set of a, has to be selected from a plurality of sets
a; to choose the one that matches the present subject to be
monitored.

[0025] Preferably this subject is identified, and a corre-
sponding sets of coefficients a, is chosen from the plurality of
sets of coefficients a, according to the result of the identifi-
cation. This identification can take place automatically by the
monitoring system, or the user is requested to input an iden-
tification information into the system. According to this infor-
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mation, a set of a, is selected from the look-up table. Alter-
natively a default set of a, can be chosen for the further
processing in case the result of the identification is negative,
that is, if no matching set of a, can be found.

[0026] According to another preferred embodiment of the
invention, a set of coefficients a, for an individual subject is
acquired in a calibration step, comprising measuring a
plethysmographic signal S'(t) related to the subject’s breath-
ing over a period of time; measuring a sensor signal D(t)
related to the subject’s thorax motion over the same period of
time; and determine a set of coefficients a, from S'(t) and D(t)
according to the relation

m 6)
S'0= ) aDuf.

k=0

[0027] This calibration process can be done, for example,
in a garage or at the site of the car seller. The determination of
the coefficients a, can be done via standard signal processing
schemes of data from simultaneous measurements with a
respiband and the radar set up.

[0028] According to a preferred embodiment of the present
invention, D(t) is the sum of the sensor signals D,(t), i=1 ton,
from n sensors.

[0029] In the presence of more than one Doppler-Radar
sensor, all sensor signals D,(t) are summarized to a common
sensor signal D(t) that is further processed according equa-
tion (1), that is, it is further transformed into the transforma-
tion signal S(t). In this case one set of constant coefficients a,
is necessary for an individual subject.

[0030] Forming the sum D(t) of all Doppler-Radar sensors
provides the advantage that possible irregularities in the res-
piration of the subject can be perceived by the monitoring
system easier than in the case of using only one Doppler-
Radar sensor. Typically a plurality of sensors is distributed in
a measurement range that represents an area covering the
moving part of the thorax during the breathing activity. In a
simplified example, the chest movement and the abdominal
movements are measured by different sensors. While a
irregularity like, for example, yawning is measured only by
one sensor, this irregularity may be missed by the other sen-
sor. If, however, both sensor signals are summed up, the
irregularity will still show in the sum signal. With a help of a
pattern detection algorithm, irregularities in the breathing
process can be found in the sum signal.

[0031] According to another preferred embodiment of the
present invention, a plurality of sensor signals D,(t), i=1 ton
is acquired from a plurality of n sensors, and one set of
coefficients a, is determined for each one of these sensors.
[0032] In this case the transformation signal can be deter-
mined individually for each sensor signal D,(t) with the help
of a respective set of coefficients a,,, so that an estimated
transformation signal S,(t) will exist corresponding to each
sensor signal D,(t). The set of coefficients a,; for each sensor
must be determined individually in the calibration procedure
as described above.

[0033] Preferably a transformation signal S,(t) is derived
for each sensor i1 according to

m @
50 =) agDiaf

k=0
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and a summarized transformation signal é(t) is calculated as
the sum

2 ®
3w=>"s0
i=1

of the transformation signals S,(t) of the sensors.

[0034] This means that the sum of the transformation sig-
nals is formed from the individual transformation signals S (t)
derived from each original Doppler-Radar sensor signal D,(t).
[0035] A corresponding system for monitoring the respira-
tion activity of a subject according to the present invention
comprises at least one Doppler-Radar sensor provided to
acquire a sensor signal D(t) representing the respiration activ-
ity of a subject, a sensor transformation unit provided for
transforming the sensor signal D(t) into a transformation
signal S(t), S(t) being a series according to

m [09]
5@ =) aD@f

k=0

where a, is a set of predetermined constant coefficients, a
storage unit for storing sets of a, of predetermined constant
coefficients, and a processing unit for processing the trans-
formation signal S(t).

[0036] Preferably this system further comprises a plurality
of Doppler-Radar sensors disposed at different positions
within a measurement range.

[0037] This measurement range typically corresponds to an
area of the thorax moving during the breathing motion. For
example, one sensor can be provided in the chest region,
while the other sensor is disposed in the abdominal region so
that each sensor measures different movements during the
breathing motion. This increases the chance to measure a
breathing irregularity that may only concern the movement in
one thorax region, while another region shows a normal
breathing activity.

[0038] According to another preferred embodiment of this
system, the sensor transformation unit is provided for trans-
forming a sensor signal D,(t) of each sensor i into a transfor-
mation signal S,(t) and to summarize the resulting transfor-
mation signals S,(t) to a summarized transformation signal
S().

[0039] According to another preferred embodiment, the
sensor transformation unit is provided for summarizing sen-
sor signals D,(t) of the sensors to a sum D(t) and to transform
the summarized signal D(t) into a transformation signal S(t).
This transformation can be performed according to the rules
according to the present invention as already described, i.e. to
transform the summarized signal D(t) into a power series
according to equation (1) so that the sum of these terms is
represent by the transformation signal S(t).

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter. In the drawings:

[0041] FIG. 1 is a schematic view of a sensor based moni-
toring system according to a first embodiment of the present
invention;
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[0042] FIG. 2is aflow diagram showing an embodiment of
the method according to the present invention;

[0043] FIG. 3 is another flow diagram demonstrating a
calibrating step according to the method of the present inven-
tion; and

[0044] FIG. 4 is a schematic view of another sensor based
monitoring system according to a second embodiment of the
present invention

DETAILED DESCRIPTION OF EMBODIMENTS

[0045] FIG. 1 shows a system 10 for monitoring the respi-
ration activity of a subject, for instance a driver located on a
driver’s seat 12 of a vehicle. Alternatively the seat or chair is
part ofa biofeedback system for monitoring or controlling the
relaxation of the person using the seat. Instead of a seat or
chair the system may comprise a mattress. Such an embodi-
ment is described more in detail below in connection with
FIG. 4. At the rear side of the back rest 14 of the seat 12, an
array 16 of sensors 18 is integrated into the seat 12. These
sensors are Doppler-Radar sensors to monitor the breathing
activity of the subject. Each sensor 18 has a defined measur-
ing range corresponding to a determined area of the subject’s
thorax. For example, an upper sensor 18 of the array 16 can be
provided to monitor the chest area of the subject, while a
lower sensor 18 is provided to monitor the abdominal move-
ments of the thorax. According to the Doppler principle,
electromagnetic waves emitted by the sensors 18 are reflected
at the chest wall and undergo Doppler frequency shift if the
chest wall is moving due to the respiration of the subject.
Therefore the signals received by the sensors 18 contain infor-
mation about the thorax motion.

[0046] The system 10 further comprises a sensor transfor-
mation unit 20 to receive sensor signals acquired by the Dop-
pler-Radar sensors 18. This unit 20 may further comprise
control functions for controlling the sensors 18, for example,
to activate only a limited subset of sensors 18 within the array
16. That is, the transformation unit 20 is not only provided for
signal transformation tasks, as will be laid out in the follow-
ing, but may comprise further functions.

[0047] Once the signal transformation unit 20 has received
a sensor signal D(t) of the sensors 18, this sensor signal D(t)
is transformed into a transformation signal S(t), as will be
further explained below. The transformation is such that the
resulting transformation signal S(t) can be handled like a
signal resulting from an inductive plethysmography, i.e. a
respiband measurement that measures the change of the cir-
cumference of the thorax during the breathing motion. Exist-
ing signal processing methods can be applied readily to such
a transformated signal S(t), which is treated as an estimated
plethysmographic signal.

[0048] Sets of coefficients a, necessary for this transforma-
tion are stored in a storage unit 22 that communicates with the
signal transformation unit 20. Each set of predetermined con-
stant coefficients a, may be specific for an individual subject.
For different subjects a plurality of sets of coefficients a, is
stored in the storage unit 22.

[0049] Once the transformation signal S(t) has been deter-
mined, it can be further processed in a processing unit 24 to
analyze the transformation signal in view of irregularities.
Such an irregularity could be yawning of the subject, which
explicitly shows in a pattern of at least one sensor signal of
one of the sensors 18. If such an irregularity is identified, this
is taken as an indication of relaxation of the person in the seat.
In case the seat is the seat of a driver of a vehicle the yawning
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may be considered as an indication of a critical state of the
driver concerned, and a feedback signal could be given to
him. Similarly in case the seat is a part of a biofeedback
system intended for assisting the user to relax a feedback
signal can be given to the use. In case of the seat is a driver’s
seat, The signal indicating a certain irregularity (assumed to
represent respective certain physiological state of the subject)
could be output by the processing unit 24 and transmitted via
abus system. In case the of a vehicle this could be for instance
the CAN bus 26 of the car. In other applications the seat or
chair may be connected to a local area network (wired or
wireless). Via the bus-system or network the processing unit
would be connected to other hardware units, that may
arranged to produce a feedback signal to the user. This signal
could for in stance be an audio and/or video signal.

[0050] Itisnoted that the example of the monitoring system
10 in FIG. 1 is only one application of monitoring the respi-
ration activity of a subject. Moreover, the schematic architec-
ture of the system 10 comprising a signal transformation unit
20 and a processing unit 24 is only to be understood as an
example. The transformation function and the further pro-
cessing functions could also be performed by one single
hardware unit, and so the division of these tasks into two
operational units 20 and 24 has only been made for explana-
tory reasons. Just to mention one further example, the differ-
ent units 22, 24 and 26 could be connected via the bus system
or network 26 itself.

[0051] An embodiment of a method for monitoring the
respiration activity of a subject with the help of the monitor-
ing system 10 in FIG. 1 will be explained in the following
with regard to the flow diagram of FIG. 2.

[0052] First, in step 100, the user is identified as the subject
to be monitored. This identification can be performed auto-
matically by the system by detecting certain characteristics of
the subject, or by input of a user ID into the system 10. Once
the driver (subject) is identified, one set of coefficients a, is
polled from the storage unit 22 according to result of the
identification (step 110). Usually a plurality of sets of con-
stants a, is stored within a look-up table inside the storage unit
22, and one of these sets a, is selected according to the iden-
tification result.

[0053] Ifno identification of the subject is possible, i.e. the
result of the identification step 100 is negative and no set of
individual a, matching the subject is present in the look-up
table, a default (standard) set of a, can polled from the look-up
table and the further processing can be carried out on this
basis.

[0054] The further meaning of this set of coefficients a,
necessary for a single transformation will be explained below.
[0055] In a further step 120, sensor signals D(t) are
acquired from the sensors 18 representing the respiration
activity of the subject. The sensor signal D(t) of a Doppler-
Radar sensor is proportional to the distance between the sen-
sor and the subject (i.e. the thorax wall at which the electro-
magnetic waves are reflected back to the sensor). To simplify
the further processing of the sensor signals, the original sen-
sor signal is transformed into a transformation signal S(t) in a
transformation step 130 according to the following equation:

m (e8]
S = Z a, D)

k=0
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[0056] This means that the transformation signal S(t) is
formed by a sum of terms, each term being a power of the
original sensor signal D(t) multiplied with a coefficients a,.
The number m can be chosen as desired. a,, k=0 to m repre-
sent the coefficients that are taken from the look-up table in
the foregoing step 110.

[0057] This transformation signal S(t) represents an esti-
mated plethysmographic signal that can be treated as a signal
acquired from a respiband or the like. Signal processing
methods applicable to such respiband signals can be used for
further processing the transformation signal S(t) in a process-
ing step 140. It is, however, noted that the transformation
signal S(t) can also be treated with signal processing methods
applicable to resistive measurements, since the signals
acquired by these methods can also be developed mathemati-
cally to a power series.

[0058] While the user identification step 100 and the sub-
sequent step 110 of polling the coefficients from the look-up
table represent an initialization procedure 150 of the whole
process, it is understood that the following steps 120, 130 and
140 will be carried out (and repeated) continuously in a per-
manent monitoring routine 160. That is to say, during moni-
toring the subject, there will be a permanent process of signal
acquisition, immediate transformation of the acquired signals
and eventually further processing of the transformation sig-
nal.

[0059] In the case of a plurality of sensors 18 as shown in
FIG. 1, there are different possibilities to handle the original
sensor signals D(t). One possibility is to sum up the sensor
signals D,(t), i=1 to n from n sensors and to further process the
sum D(t) in the way as described above. This means that the
sum of all sensor signals D,(t) is treated like one common
sensor signal D(t). For the further transformation into the
transformation signal S(t) only one set of coefficients a, is
necessary for one subject.

[0060] Using a plurality of sensors 18 provides the advan-
tage that each of these sensors 18 can be disposed at a differ-
ent position within the array 16. For example, an irregularity
in the breathing rhythm can be detected by one sensor 18
while another sensor 18 does not detect any irregularities.
However, in the sum D(t) of both of these sensor signals D,(t),
the irregularity will be present. One typical example for an
irregularity is a yawning pattern that may show in the sensor
signals of one sensor but is not detectable in the sensor signals
of another sensor.

[0061] Another possibility to handle the sensor signals
D,(1), i=1 to n of n sensors is to transform each sensor signal
D,(t) into a corresponding transformation signal S,(t), i=1 to
N, so that N transformation signals S,(t) will be present. Each
of'these transformation signals S,(t) is calculated according to

m @
Si() = Z au D0

k=0

[0062] Ttis clear that one set of coefficients a,, is necessary
in this case for each sensor.

[0063] The different transformation signals S,(t) (gained in
the transformation step 130) are summarized in the following
to calculate a sum
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. ®
3w=>sw
i=1

of the transformation signals S,(t) of the sensors. This sum-
marized transformation signal S(t) can then be further pro-
cessed (step 140) and treated as an estimated plethysmo-
graphic signal with the according signal processing
algorithms.

[0064] To acquire sets of predetermined constant coeffi-
cients a,, a calibration step can be performed that is shown in
the flow diagram of FIG. 3.

[0065] In this calibration step, a plethysmographic signal
S'(t) is measured over certain period of time. Such a signal
S'(t) can be taken by a respiband measurement and is related
to the subject’s thorax volume (step 200). At the same time, a
Doppler-Radar sensor signal D(t) related to the subject’s
thorax motion is measured (step 220). From both measure-
ments, coefficients a, are calculated according to the relation

” (6)
S0 = Z a D).

k=0

in a following step 230 based on state-of-the-art statistical
methods.

[0066] The user may be requested to input a user ID (step
240), and the set of coefficients a, is stored within the look-up
table together with user identification data (step 250).
[0067] According to the chosen set up, the coefficients a,
can be determined for each sensor 18 so that in the calibration
step, coefficients a, are determined for the whole set of sen-
sors and stored together with the user ID. In case of use in a
vehicle this could be stored in the car management system. In
case the system is used for instance in a home as a relaxation
system, as described below more in detail in connection with
FIG. 4, it could be stored locally or at another module or
computer connected to a home network. It is possible to
communicate all data, including the sets of coefficients a, and
user identification data, via the bus or network 26, as shown in
FIG. 1.

[0068] Although the invention has been described above to
create a transformation signal that corresponds to an estima-
tion of a signal gained by inductive plethysmography with the
help of a respiband, it is, however, possible to interpret the
transformation signal as an estimated signal acquired by other
methods. For example, resistive measuring of the circumfer-
ence of the subject’s thorax can also be estimated by the
transformation signal, since a resistive measurement signal
can also be simulated by a series of terms that include the
Doppler radar signal information. In this respect other mea-
surement techniques can possibly be acknowledged.

[0069] FIG. 4 shows another embodiment of a system 30
for monitoring the respiration activity of a subject 32 accord-
ing to the present invention. This system 30 comprises a
mattress wherein the array of sensors 18 is integrated to
monitor a subject 32 lying on the top surface of the mattress
34. The system 30 further comprises a signal transformation
unit 20 and a processing unit 24, as well as a storage unit 22.
The operation principle of the sensors 18, the signal transfor-
mation unit 20, the processing unit 24 and the storage unit 22
is basically the same as explained with respect to FIG. 1, so

Jul. 4,2013

that further explanations are omitted here for the sake of
brevity. In the embodiment of FIG. 4, the processing unit 24
communicates with an output unit 36 to generate an audio
and/or video feedback signal perceivable by the subject 32 in
case a respective command is received from the processing
unit 24. Such a feedback system can assist the subject 32 to
relax by pacing the respiration rhythm, i.e. to give a perceiv-
able feedback on the respiration as presently measured.
Moreover, a similar system 30 comprising sensors 18 inte-
grated in a mattress 34 can be used in clinical care for moni-
toring a patient.
[0070] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims. In the claims, the word “comprising” does
not exclude other elements or steps, and the indefinite article
“a” or “an” does not exclude a plurality. 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. Any reference signs in the
claims should not be construed as limiting the scope.

1. A method for monitoring the respiration activity of a
subject, comprising:

acquiring a sensor signal D(t) of at least one Doppler-Radar

sensor representing the respiration activity of a subject,

characterized by

transforming the sensor signal D(t) into a transformation

signal S(t), S(t) being a series according to

S50 =) aDwt,

k=0

where a, is a set of predetermined constant coefficients,

and processing the transformation signal S(t).

2. The method according to claim 1, characterized in that
the set of coefficients a, is taken from a look-up table.

3. The method according to claim 2, characterized in that
the look-up table contains a plurality of different sets of
coefficients a;.

4. The method according to claim 3, characterized in that
the subject is identified, and one corresponding set of coeffi-
cients a; is chosen from the plurality of sets of coefficients a,
according to the result of the identification.

5. The method according to claim 1, characterized in that a
set of coefficients a, for one individual subject is acquired in
a calibration step, comprising:

measuring a signal S'(t) related to the subject’s thorax

volume of the subject over a period of time;

measuring a sensor signal D(t) related to the subject’s

thorax motion over the same period of time;

determine a set of coefficients a, from S'(t) and D(t) accord-

ing to the relation

') = Z a, D().

k=0
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