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APPARATUS AND METHOD FOR
DETERMINING A RESPIRATION VOLUME
SIGNAL FROM IMAGE DATA

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national filing of PCT application
Ser. No. PCT/IB2014/059663, filed Mar. 12, 2014, pub-
lished as WO 2014/141085 Al on Sep. 18, 2014, which
claims the benefit of U.S. provisional application Ser. No.
61/789,206 filed Mar. 15, 2013 and EP provisional applica-
tion serial no. 13159416.0 filed Mar. 15, 2013, both of which
are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an apparatus for deter-
mining a respiration volume signal from a subject and a
corresponding method, in particular, the present invention
relates to measurements which can be used for remotely
determining the respiration volume of a subject, wherein the
region of interest is automatically determined and the res-
piration volume of the subject is determined frequently or
continuously by a remote measurement.

BACKGROUND OF THE INVENTION

Vital signs of a person, for example the respiration rate
serve as indicators for the current state of the person and as
predictions of serious medical events. For this reasons, vital
signs are extensively monitored in in-patient and out-patient
care settings, at home or in further health, leisure or fitness
settings.

Camera-based monitoring of the vital signs or physiologi-
cal signals such as respiratory rate is a known technique for
remotely or contactless measuring the vital signs of a person.
The camera-based monitoring of vital signs allows apart
from the advantage of being fully contactless, two-dimen-
sional information, which enables a multi-spot and large
area measurement, and often contains additional context
information. This additional information can be used in the
measurement of additional vital signs such as respiratory
volume.

The respiratory volume measurement is important for
respiratory disease diagnosis and therapy evaluation such as
sleeping diagnosis and neonatology. Common systems for
measuring a respiratory volume in clinical practice require
the use of spirometers, however these spirometers are bulky,
require a lot of probes and are flow-based measurements,
which force the subject to breathe in and breathe out of a
tube, which is extremely inconvenient for the user. The
measurement is further highly dependent on the patient’s
cooperation and it interferes with the subject’s normal
respiration and the use is difficult for patients with breathing
difficulties.

Existing camera-based respiration volume measurements
require either the computation of a three-dimensional map of
the entire thorax or need markers which are attached to the
subject. The three-dimensional surface reconstruction
requires an accurate estimation of the entire thorax by the
camera and needs an active radiation source or multiple
cameras to provide a reliable three-dimensional map which
is a large technical effort. Alternatively, the use of markers,
which have to be attached to the thorax of the subject is
inconvenient in practice.
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A corresponding apparatus for measuring the respiration
variability using impedance contact probes for measuring
the body movement is for example known from WO 2009
363 12 A2.

Other methods are known using depths-sensing cameras
or three-dimensional cameras to detect the respiration and to
determine the respiration volume of a subject.

The disadvantage of the known methods to measure the
respiratory volume from a subject is that the technical effort
is increased due to the complicated three-dimensional opti-
cal measurement of the respiration volume or that the use of
the known systems is inconvenient due to the use of spirom-
eters or markers for the detection of the motion of the
subject’s thorax.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
improved apparatus and a corresponding improved method
for determining a respiration volume signal from a subject
which is more convenient for the user and can be imple-
mented with low technical effort.

According to one aspect of the present invention, an
apparatus for determining a respiration volume signal from
a subject is provided comprising:

a processing unit for receiving image data determined
from a field of view and for determining an alternating signal
including vital sign information of the subject from the
received image data,

an analysis unit for determining at least one characteristic
parameter corresponding to a respiration parameter of the
subject on the basis of the alternating signal,

a calibration unit for determining a calibration value on
the basis of a breathing volume measured during inhale
and/or exhale of the subject by means of an airflow or an air
volume measurement, and

a calculation unit for calculating the respiration volume of
the subject on the basis of the calibration value and the at
least one characteristic parameter.

According to another aspect of the present invention, a
method for determining a respiration volume signal from a
subject is provided, comprising the steps of:

receiving image data determined from a field of view,

determining an alternating signal including vital sign
information of the subject from the received image data,

determining at least one characteristic parameter corre-
sponding to a respiration parameter of the subject on the
basis of the alternating signal,

determining a calibration value on the basis of a breathing
volume measured during inhale and/or exhale of the subject
by means of an airflow or an air volume measurement and

calculating the respiration volume of the subject on the
basis of the calibration value and the characteristic param-
eter.

In yet further aspects of the present invention, there is
provided a computer program which comprises program
code means for causing a computer to perform the steps of
the processing method when said computer program is
carried out on a computer as well as a non-transitory
computer-readable recording medium that stores therein a
computer program product, which, when executed by a
processor, causes the method disclosed herein to be per-
formed.

Preferred embodiments of the invention are defined in the
dependent claims. It shall be understood that the claimed
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method has similar and/or identical preferred embodiments
as the claimed device and as defined in the dependent
claims.

The present invention is based on the idea to determine an
alternating signal by means of a remote measurement on the
basis of image data determined from a field of view and to
calibrate the measurement by means of an airflow or air
volume measurement and to correlate the two measurements
in order to calculate the absolute respiration volume of the
subject on the basis of the remote measurement. Since the
remote measurement is calibrated by means of an airflow or
air volume measurement, the remote measurement can be
used for determining the absolute respiration volume so that
a continuous or frequent remote measurement of the respi-
ration volume is possible without the need of additional
markers or a three-dimensional measurement of the subject.

Hence, a remote measurement of the respiration volume
of a subject can be provided with low technical effort which
is convenient for the user.

In a preferred embodiment, the processing unit is con-
nected to an image detection unit for providing the image
data from the field of view. This is a simple possibility to
determine the respiration information from the subject con-
tactless with low technical effort.

In a preferred embodiment, the alternating signal is deter-
mined on the basis of movement pattern derived from the
image data. This is a reliable possibility to determine the
respiration information from the subject since the detected
movement of the subject has a correspondence with the
respiration rate.

According to a preferred embodiment, the alternating
signal is determined on the basis of movement vectors
determined from the movement pattern. This is a simple
solution to determine the alternating signals corresponding
to the respiration of the subject with high precision and low
technical effort.

According to a preferred embodiment, the processing unit
comprises a selection unit for selecting at least one area in
the field of view on the basis of a plurality of alternating
signals determined from the field of view. This is a simple
solution to determine a region of interest from the field of
view on the basis of the movement of the subject in the field
of view in order to increase the reliability of the measure-
ment and to reduce the probability of incorrect measure-
ments.

It is preferred if the analysis unit is adapted to determine
a spectral parameter of the alternating signals for selecting
the at least one area. This is a possibility to increase the
reliability, since the spectrum of alternating signal is used to
select the region of interest such that disturbing signals and
noise are not considered for the selection of the region of
interest.

According to a further preferred embodiment, the analysis
unit is adapted to determine the characteristic parameter on
the basis of the alternating signal determined from the
selected area. This is a possibility to further increase the
reliability of the detection of the respiration signal since the
alternating signal is determined from the selected area as the
region of interest.

It is further preferred if the at least one characteristic
parameter is determined on the basis of a plurality of
alternating signals determined from different areas of the
field of view. This is a possibility to increase the reliability
of the determination of the characteristic parameter since the
signal strength of the vital sign can be increased and the
noise can be reduced.

20

25

40

45

60

65

4

Tt is preferred if the alternating signals determined from
the different areas are weighted by a weight factor. This is a
possibility to consider the alternating signals from different
areas differently on the basis of the signal quality.

It is further preferred if the characteristic parameter is an
amplitude of the alternating signal. This is a possibility to
correlate the movement of the subject corresponding to the
respiration with the respiration volume measured by the
calibration unit in order to determine the absolute respiration
volume continuously after the initial calibration.

It is further preferred if the calibration unit is adapted to
measure the breathing volume of the subject during an
inhale or an exhale cycle. This is a possibility to determine
the whole breathing volume between a complete exhale and
a complete inhale of the subject.

It is further preferred if the calibration unit comprises an
airflow measurement device for measuring the breathing
volume. This is a simple possibility to calibrate the mea-
surement with low technical effort, since a spirometer on the
basis of an airflow measurement can determine the air
volume precisely with low technical effort.

In a preferred embodiment, the calibration unit is adapted
to correlate the characteristic parameter and the measured
breathing volume to determine the calibration value and to
calculate the respiration volume. This is a precise possibility
to combine the two measurements of the respiration of the
subject and to determine the calibration value in order to
provide a continuous breathing volume measurement.

In a preferred embodiment, the calibration unit is adapted
to measure the breathing volume of the subject during an
inhale and an exhale cycle, wherein a maximum inhale
volume is correlated to the corresponding maximum of the
characteristic parameter and a minimum inhale volume is
correlated to the corresponding minimum of the character-
istic parameter to determine the calibration value and
wherein the characteristic parameter is scaled according to
the determined calibration value to continuously calculate
the respiration volume. This is a possibility to correlate the
two different measurements with low technical effort in
order to determine the respiration volume remotely after
calibration.

In a preferred embodiment, the calculation unit is adapted
to calculate the respiration volume for the respiration cycles
following the determination of the calibration value. This is
a simple possibility to determine the respiration volume
entirely contactless after the calibration has been performed
once at the beginning of the measurement.

As mentioned above, the present invention is based upon
the idea to determine the respiration volume on the basis of
two different measurements. One measurement is based on
an airflow in order to calibrate the measurement and the
second measurement is a contactless measurement on the
basis of received radiation from the subject, wherein the two
measurements are correlated in order to determine fre-
quently and/or continuously the respiration volume of the
subject on the basis of the remote measurement. Since the
results of the two different measurements are used by the
apparatus and correlated by apparatus, the respiration vol-
ume can be determined with low technical effort and with a
high comfort for the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter. In the following drawings
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FIG. 1 shows a schematic illustration of a general layout
of an apparatus for determining a respiration volume signal
from a subject,

FIG. 2 shows a schematic illustration of a subject’s
motion indicative of a respiration signal,

FIG. 3 shows a timing diagram of an alternating signal
derived from the subject corresponding to the respiration
signal,

FIG. 4 shows a frequency spectrum of the alternating
signal shown in FIG. 3,

FIG. § shows a schematic image for illustrating the
selection of a region of interest in the field of view for
determining the respiration signal,

FIG. 6 shows a schematic timing diagram of a respiration
signal derived from the image data of the field of view,

FIG. 7 shows a timing diagram of a respiration signal and
the correlation with a calibration measurement of the respi-
ration volume, and

FIG. 8 shows a block diagram representing the steps of an
embodiment of a method for determining a respiration
volume signal from a subject.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a schematic drawing of an apparatus gen-
erally denoted by 10 for determining a respiration volume
signal from a subject 12. The subject 12, e.g. a patient
staying in bed, is resting on a support 14. The subject’s head
16 is usually a non-indicative portion regarding the respi-
ration of the subject, wherein the chest 18 is an indicative
portion regarding the respiration of the subject 12. The
general problem of the common situation shown in FIG. 1
is that the respiration volume cannot be measured remotely
or contactless with low technical effort. Usually merely the
respiration rate or the heart rate are detected by means of
camera systems or remote systems in general.

The apparatus 10 comprises an image detection device 22,
e.g. a monochromatic camera which can be used for record-
ing image frames of the subject 12. The image frames can be
derived from electromagnetic radiation 24 emitted or
reflected by the subject 12. For extracting the image infor-
mation from the image data 26, e.g. a sequence of image
frames, the image data 26 is provided to an image processing
unit 28. The monochromatic camera 22 provides a two-
dimensional image or image data 26 to the image processing
unit 28.

The image detection device 22 is adapted to capture
images belonging to at least a spectral component of the
electromagnetic radiation 24. The image detection device 22
may provide continuous image data or a discrete sequence of
image frames captured from a field of view including the
subject 12 to be measured.

The image processing unit 28 is adapted to receive the
image data 26 from the image detection device 22, to
evaluate the image data 26 in general and to detect a region
of interest of the subject 12, i.e. the thorax 18 as indicative
portion of the respiration of the subject 12. In order to detect
the region of interest, e.g. the thorax 18, the image process-
ing unit 28 is adapted to divide the captured images in
sections or areas of the field of the field of view and to
evaluate the image sections separately in order to determine
the region of interest. The image processing unit 28 divides
the captured images into the image sections and detects
motion vectors from the different sections corresponding to
the motion of the object in the field of view including the
motion of the chest 18 or the thorax region 18 of the subject
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12 as indicative portion of the respiration. The motion
vectors are determined by means of pattern detection in the
image sections or by means of edge detection in the image
sections. A method for edge or pattern detection and for
deriving the motion vectors from the captured image frames
is for example disclosed by WO 2012/140531 Al.

The image processing unit 28 determines alternating
signals from the motion vectors and determines a spectral
parameter of each of the alternating signals by means of a
frequency analysis unit comprised in the image processing
unit 28 as described in detail in the following. The spectral
parameter of each of the sections of the image data 26 are
analyzed by a selection unit which is part of the image
processing unit 28. The selection unit selects those sections
of the image data from which an alternating signal is derived
which is supposed to correspond to a respiration signal. The
selection unit selects the sections on the basis of the respec-
tive spectral parameter. The spectral parameter is a fre-
quency spectrum or a spectral energy distribution of the
alternating signal. Since the respiration signal of the subject
12 has a characteristic spectral energy distribution or a
characteristic frequency, the selection unit can select the
section which comprise the respiration signal of the subject
12 and, therefore the selection unit 10 identifies the chest 18
or the thorax region 18 of the subject 12 in the image data
26 for determining the respiration signal.

The selection unit determines a weight factor for each of
the different image sections dependent on the frequency
analysis as described in the following.

The image processing unit 28 is connected to an analysis
unit 30 and provides the alternating signal to the analysis
unit 30 for determining a respiratory signal corresponding to
the respiration of the subject 12. The analysis unit 30
receives the alternating signals from the different image
sections and the respective weight factors for the different
image sections from the image processing unit 28 and
calculates the respiratory signal on the basis of the alternat-
ing signals and the weight factors. Hence, the respiratory
signal is calculated on the basis of the image data 26 and
determined entirely contactless. The analysis unit 30 deter-
mines at least one characteristic parameter of the respiratory
signal, e.g. the amplitude of the respiratory signal and/or the
maximum and minimum value of the respiratory signal in
order to determine the respiration volume as described in the
following.

The apparatus 10 further comprises a calibration unit 32
for calibrating the respiration volume measurement of the
apparatus 10. The calibration unit 32 is connected to a
spirometer 33, which measures a respiration volume of the
subject by measuring an airflow during inhale and exhale of
the subject 12. In order to calibrate the apparatus 10 and the
respective remote measurement of the respiration, the sub-
ject is asked to make a complete exhale and a complete
inhale cycle, to detect a respiration signal amplitude for the
entire respiration range which is possible for the subject 12.
During this complete exhale and inhale cycle, the air volume
inhaled and exhaled by the subject 12 is measured by the
spirometer 33 while the image detecting device 22 is cap-
turing image data 26 from the subject 12, i.e. from the region
of interest determined by the image processing unit 28 and
wherein the analysis unit 30 is determining the respiratory
signal from the remote measurement. Hence, during the
calibration by means of the calibration unit 32 the respira-
tion volume is measured by means of the spirometer 33 and
the respiratory signal is determined remotely by means of
the image detection device 22, the image processing unit 28
and the analysis unit 30 in order to estimate the absolute
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respiratory volume for the respiratory signal. The respiratory
signal determined by the analysis unit 30 is provided to a
calculation unit 34. The measured respiration volume mea-
sured by the spirometer 33 is forwarded by means of the
calibration unit 32 as a calibration value to the calculation
unit 34 in order to correlate the respiratory signal or the
characteristic parameter from the remote measurement and
the absolute respiratory volume measured by the spirometer
33.

Since at least the maximum and the minimum of the
respiratory volume of the subject 12 is measured by means
of spirometer 33 and correlated with the respiratory signal or
the characteristic parameter from the remote measurement,
the absolute respiratory volume can be calculated further on
based on the calibration value and the respiratory signal
derived from the remote measurement to provide frequently
or continuously a measurement of the respiratory volume of
the subject 12 without the need of the spirometer measure-
ment. To continuously determine the respiration volume, the
amplitude and/or the maximum and minimum value of the
respiratory signal is or are linearly scaled and interpolated
between the maximum and minimum calibration values of
the spirometer measurement. Hence, after calibration, the
respiration volume can be calculated on the contactless
measurement alone.

The so calculated respiratory volume can be provided to
a display 36 to display the measured respiratory volume
continuously or frequently.

Hence, after the initial calibration by means of the cali-
bration unit 32 and the spirometer 33, the absolute respira-
tory volume of the subject 12 can be determined remotely by
means of the apparatus 10 in general.

FIG. 2 shows a schematic illustration of the subject 12 in
order to describe the remote measurement of the respiration
of the subject 12. The subject 12 undergoes a characteristic
motion of an indicative portion 18 (the chest 18) due to the
respiration. When breathing, expansion and contraction of
the lung’s causes slight motion of characteristic portions of
liven beings, e.g. lifting and lowering of the chest 18. Also,
abdominal breathing can course characteristic motion of
respective parts of the subject’s body 12. At least partially
periodic motion patterns included by physiological pro-
cesses can occur in many living beings, particularly in
human beings or animals.

Over time, as indicated by an arrow 40, the indicative
portion 18 is moved between a contracted position, indicated
by reference numerals 18a, 18¢, and an extracted portion,
indicated by 18b. Essentially, based on this motion pattern,
for instance the respiration rate or respiration rate variability
can be assessed by means of pattern or edge detection in a
captured image sequence. While the indicative portion 18 is
pulsating over time, the head 16 as a non-indicative portion
remains substantially motionless.

Certainly, also the head 16 undergoes diverse motion over
time. However, these motions do not correspond to the
periodic pulsation of the chest 18 and can be distinguished
by means of the frequency analysis.

FIG. 3 shows a timing diagram of an alternating signal
derived from the movement pattern and/or from motion
vectors of the different image sections which can be for
example determined on the basis of a frame or an edge
detection in the respective image section. The alternating
signal is generally denoted by S(t). The alternating signal S
in this particular case corresponds to the movement of the
chest 18 of the subject 12 derived from an image section
corresponding to the image data received from the respec-
tive indicative portion 18. The alternating signal S shows a
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characteristic variation corresponding to the movement of
the chest 18 ie. the breathing of the subject 12. The
alternating signal S also shows a high-frequency noise
superimposed to the breathing.

The alternating signals S are derived from each of the
image sections of the field of view wherein a plurality of
image sections comprise vital sign information such as a
breathing rate and many image sections may comprise
disturbing signals which are not related to vital sign infor-
mation of the subject 12 or other alternating signals which
comprise mostly high-frequency noise. In order to identify
those image sections from which vital sign information can
be derived, the image processing unit 28 comprises the
frequency analysis device to perform a frequency analysis of
the alternating signals. The frequency analysis is preferably
performed by filtering the alternating signals S and/or by
performing a Fourier Transformation, in particular a Fast
Fourier Transformation (FFT) of the alternating signal S.
From the alternating signal, a frequency spectrum is derived
in order to identify the image section including vital sign
information corresponding to the respiration of the subject
12 as described in the following.

FIG. 4 shows a frequency spectrum of the alternating
signal S shown in FIG. 3 generally denoted by F(f). The
frequency spectrum F shows a large frequency component in
a low frequency band, in this particular case between 0 and
1 Hertz, which correspond to the breathing rate of an adult
which is normally not higher than 1 Hertz, i.e. 60 breathes
per minute. The frequency components higher than a pre-
defined frequency band, e.g. 1 Hertz for adults and 2 Hertz
for infants are usually disturbing signals in the image data 26
or correspond to noise of the alternating signal S. In order to
characterize the quality of the alternating signal S, the
spectral energy of the alternating signal S is determined and
an image section is defined as an image section including
vital sign information if the spectral energy of the alternating
signal S in a predefined frequency band exceeds a predefined
threshold level or exceeds a percentage of spectral energy
compared to a second frequency band, e.g. the whole
frequency spectrum. E.g. if the spectral energy between 0
and 1 or 2 Hertz is larger than a predefined threshold level,
e.g. larger than 50% of the entire spectral energy of the
alternating signal S or a predefined range of the spectrum,
eg.2...3Hz3...4Hz ....Onthebasis of the spectral
energy, the image sections are evaluated to select the image
sections in the field of view and to determine the region of
interest as described in the following.

FIG. 5 shows a schematic image from a field of view for
explaining the detection of the respiratory signal from the
subject on the basis of detected image data 26. The field of
view detected by the image detection device 22 shown in
FIG. 5 is generally denoted by 42. An image frame 44
representing the field of view 42, which is captured by the
image detection device 22 shows the subject 12 which is in
this case a human being to be measured. In the image frame
44, a grid 46 divides the image frame 44 in different portions
and defines image sections 48 to distinguish different areas
in the field of view 42 and to determine different motion
vectors in the field of view 42. In order to determine the
region of interest, i.e. the chest 18 of the subject 12,
movement pattern are derived from each of the image
sections 48 of the image frame 44 and the alternating signals
S are determined from motion vectors determined from the
movement pattern of each of the image sections 48 as
described above. The motion vectors are determined by
pattern detection or edge detection within the different
image sections. On the basis of the frequency analysis as
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described above it is determined whether the movement
pattern of the different image sections correspond to a
respiratory signal of the subject 12 in the field of view 42 or
whether the movement pattern are disturbance signals or
noise. The determination whether the movement pattern
includes respiratory signals or not is performed as described
above on the basis of the spectral parameter and/or the
spectral energy and whether the spectral energy is in a
frequency band larger than a predefined percentage of the
entire spectral energy of the respective alternating signal. On
the basis of these data, which are determined for each of the
image sections 48, the selection unit selects those image
sections which include the respiratory signal and combines
those selected image sections 48 to the region of interest,
which is in FIG. 5 generally denoted by 50.

On the basis of the alternating signals S which are derived
from the image sections 48 of the region of interest 50, the
analysis unit 30 determines the respiratory signal. The image
processing unit 28 determines a weight factor for each of the
selected image sections 48 of the region of interest 50 in
order to weight the alternating signals S of the different
sections 48 on the basis of the signal quality. The weight
factor may be calculated on the basis of the frequency how
often the respective image section 48 is selected by the
selection unit. In other words, the alternating signals from
those image sections 48 which are selected more often as a
selected image section 48 are given more weight and the
image sections selected less often are given less weight to
calculate the respiratory signal. From the different alternat-
ing signals, the analysis unit 30 determines the respiratory
signal as a single alternating signal.

FIG. 6 shows a timing diagram of the respiratory signal
determined by the analysis unit 30 and generally denoted by
R(t). The respiratory signal R(t) is derived from the motion
of the chest 18 of the subject 12. From the so determined
respiratory signal R, the respiration rate of the subject 12 can
be determined. If the calibration values of the calibration
unit 32 is correlated with the respiratory signal determined
by the analysis unit 30, the absolute respiration volume of
the subject 12 can be continuously calculated by the calcu-
lation unit 34 as described in the following.

FIG. 7 shows a timing diagram of the respiratory signal
R(t) during a calibration by means of the calibration unit 32.
First, the subject 12 is asked to perform a complete exhale
and inhale cycle, wherein the subject 12 first entirely exhales
as shown at t1 followed by a complete inhale shown at t2 in
order to determine respective calibration values.

An air volume V1 corresponding to the complete exhale
at t1, which is for an adult for example 500 ml is measured
and defined as 0 volume and the complete inhale air volume
V2 which is for an adult for example 3000 ml is measured
and defined as 1 as shown in FI1G. 7. These measured values
V1, V2 of the respiration volume are used as calibration
values. The respiration volume V1, V2 between 1 and 0 is
linearly scaled so that the amplitude A of the respiratory
signal R determined remotely by the analysis unit 30 can be
used to calculate the absolute respiratory volume of the
subject 12. The scale shown in FIG. 7 can be used together
with the entire respiration air volume to determine the
absolute respiration volume for each of the following inhale
and exhale cycles determined remotely by means of the
apparatus 10. Hence, the respiration volume of the subject
12 can be remotely determined continuously or frequently
with low technical effort and which is comfortable for the
user.

After the calibration has been performed, the subject 12
may move relative to the camera 22 resulting in a change of
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the alternating signals S received from the thorax 18 as the
indicative portion compared to the images used for the
calibration. The subject 12 may move perpendicular to the
camera viewing direction or may move parallel to the
camera viewing direction, i.e. may reduce or increase the
distance to the camera 22. In both cases, the movement of
the subject 12 has to be detected and considered for the
image evaluation and for the determination of the respiratory
signal R. For considering the perpendicular movement,
certain features in the image like contours or pattern of the
subject 12 like clothes or buttons

are detected and the movement of the subject 12 can be
detected by identifying and following those contours or
pattern in the field of view 42. On the basis of the movement
of those patterns within the field of view, the region of
interest 50 is adapted accordingly so that a recalibration is
not necessary after a perpendicular movement of the subject
12. If the subject 12 is moving parallel to the viewing
direction of the camera 22, the region of interest 50 has to
be scaled in order to determine correct alternating signals
and true respiration volume signals from the subject 12. The
scaling is performed by contour detection of the subject 12
so that an increase or a decrease of the entire contour size of
the subject 12 results in the detection of the movement of the
subject 12 parallel to the viewing direction of the camera 22.
The measured alternating signals S are scaled accordingly in
order to correct the remote measurement.

Hence, a recalibration is not necessary if a subject 12
moves within the field of view 42. A recalibration is only
necessary if a subject 12 turns so that the chest 18 as
indicative portion is only partially visible by the camera 22.

FIG. 8 shows a block diagram illustrating method steps to
detect the respiration volume signal from the subject 12. The
method is generally denoted by 60. The method 60 starts
with step 62. At step 64, an image frame 44 is detected by
means of the image detection device 22. At step 66, the
image frame 44 or the image data 26 is received by the
image processing unit 28 and evaluated by the image
processing unit 28 by means of pattern detection or edge
detection and the motion vectors are determined for each of
the image sections 48 as described above. Depending on the
motion vectors, a corresponding alternating signal S is
calculated for each of the image sections 48. On the basis of
the alternating signals S analyzed by the image processing
unit 28 the region of interest 50 is determined at step 68.

At step 70, the analysis unit 30 analyses the alternating
signals S. At step 72 the respiratory signal R is determined
and the amplitude A of the respiration signal R is calculated.

At step 74, the calibration unit 32 measures the respiration
volume of the subject 12 by means of the spirometer 33 and
provides the calibration value V1, V2 or a plurality of
calibration values V1, V2 to the calculation unit 34. At step
76, the respiration volume is determined on the basis of the
calibration value V1, V2 and the respiration signal R. This
is usually performed by calculating the amplitude A between
a local minimum and a local maximum of the respiration
signal R as a characteristic parameter and correlated with the
difference between the maximum exhale and the maximum
inhale air volume as the calibration values V1, V2 deter-
mined by means of the spirometer 33. The local maxima and
minima are usually scaled with respect to the calibration
values to determine the respiration volume remotely.

At step 78, the respiratory volume is displayed by means
of the display 36.

At step 80, the method 60 ends.

Hence, after calibration, the respiration volume can be
determined entirely contactless with low technical effort.
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While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative 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. A single element or other umt
may fulfill the functions of several items recited in the
claims. 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.

A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such
as via the Internet or other wired or wireless telecommuni-
cation systems.

Any reference signs in the claims should not be construed
as limiting the scope.

The invention claimed is:

1. An apparatus for measuring respiration volume of a
subject, the apparatus comprising:

a camera configured to provide image data from a field of

view;

at least one electronic processor programmed to:

receive the image data from the field of view provided
by the camera;

determine a plurality of alternating signals including
vital sign information of the subject from different
areas of the field of view from the image data,

determine at least one characteristic parameter corre-
sponding to a respiration parameter of the subject on
the basis of the plurality of alternating signals,

determine, separately from the at least one character-
istic parameter, a calibration value on the basis of a
breathing volume measured by a spirometer during
at least one of an inhale and exhale of the subject by
means of an airflow or an air volume measurement,

calculate the respiration volume of the subject on the
basis of the calibration value and the at least one
characteristic parameter wherein the plurality of
alternating signals are weighted by a weight factor;
and

control a display device to continuously display the
calculated respiration volume of the subject.

2. The apparatus as claimed in claim 1, wherein the
plurality of alternating signals are determined on the basis of
movement pattern derived from the image data.

3. The apparatus as claimed in claim 1, wherein the at
least one electronic processor is further programmed to:

select at least one area in the field of view on the basis of

the plurality of alternating signals determined from the
field of view.

4. The apparatus as claimed in claim 3, wherein the at
least one electronic processor is further programmed to:

determine a frequency spectrum or spectral energy dis-

tribution of the plurality of alternating signals for
selecting the at least one area.

5. The apparatus as claimed in claim 2, wherein the at
least one electronic processor is further programmed to:
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determine the characteristic parameter on the basis of the
plurality of alternating signals determined from the
selected area.

6. The apparatus as claimed in claim 1, wherein the
characteristic parameter is an amplitude of the plurality of
alternating signals.

7. The apparatus as claimed in claim 1, wherein the at
least one electronic processor is further programmed to:

measure the breathing volume of the subject during at

least one of the inhale and the exhale cycle.

8. The apparatus as claimed in claim 1, further compris-
ing:

a spirometer for measuring the breathing volume.

9. The apparatus as claimed in claim 1, wherein the at
least one electronic processor is programmed to correlate the
characteristic parameter and the measured breathing volume
to determine the calibration value and to calculate the
respiration volume.

10. The apparatus as claimed in claim 9, wherein the at
least one electronic processor is programmed to measure the
breathing volume of the subject during an inhale and an
exhale cycle, wherein a maximum inhale volume is corre-
lated to the corresponding maximum of the characteristic
parameter and a minimum inhale volume is correlated to the
corresponding minimum of the characteristic parameter to
determine the calibration value and wherein the character-
istic parameter is scaled according to the determined cali-
bration value to continuously calculate the respiration vol-
ume.

11. The apparatus as claimed in 1, wherein the wherein the
at least one electronic processor is further programmed to:

calculate the respiration volume for the respiration cycles

following the determination of the calibration value.
12. A non-transitory computer readable medium storing
instructions executable by at least one electronic processor
to perform a method for determining a respiration volume
signal from a subject, the method comprising:
receiving image data detected from a field of view,
determining a plurality of alternating signals including
vital sign information of the subject from different
areas of the field of view from the received image data,

determining at least one characteristic parameter corre-
sponding to a respiration parameter of the subject on
the basis of the plurality of alternating signals,

determining, separately from the at least one characteris-
tic parameter, a calibration value on the basis of a
breathing volume measured during at least one of an
inhale and exhale of the subject by means of an airflow
measurement,

calculating the respiration volume of the subject on the

basis of the calibration value and the characteristic
parameter, wherein the plurality of alternating signals
are weighted by a weight factor; and

controlling a display device to continuously display the

calculated respiration volume of the subject.

13. The non-transitory computer readable medium as
claimed in claim 12, the method further including:

determining the plurality of alternating signals on the

basis of movement pattern derived from the image data.

14. The non-transitory computer readable medium as
claimed in claim 12, the method further including:

selecting at least one area in the field of view on the basis

of the plurality of alternating signals determined from
the field of view; and

determining a frequency spectrum or spectral energy

distribution of the plurality of alternating signals for
selecting the at least one area.
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15. The non-transitory computer readable medium as
claimed in claim 13, the method further including:
determining the characteristic parameter on the basis of
the plurality of alternating signals determined from the
selected area.
16. The non-transitory computer readable medium as
claimed in claim 12, the method further including:
measuring the breathing volume of the subject during at
least one of the inhale and the exhale cycle.
17. The non-transitory computer readable medium as
claimed in claim 12, the method further including:
correlating the characteristic parameter and the measured
breathing volume to determine the calibration value
and to calculate the respiration volume.
18. The non-transitory computer readable medium as
claimed in claim 12, the method further including:
measuring the breathing volume of the subject during an
inhale and an exhale cycle;
correlating a maximum inhale volume to the correspond-
ing maximum of the characteristic parameter;
correlating a minimum inhale volume to the correspond-
ing minimum of the characteristic parameter to deter-
mine the calibration value; and
scaling the characteristic parameter according to the
determined calibration value to continuously calculate
the respiration volume.
19. An apparatus for determining a respiration volume
signal from a human subject, the apparatus comprising:
a camera arranged remote from the human subject and
configured to acquire image data from the field of view;
a spirometer configured to determine a calibration value
on the basis of a breathing volume measured during at
least one of an inhale and exhale of the subject; and
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at least one electronic processor programmed to:

receive image data detected from the field of view from
the camera;

determine a plurality of alternating signals including
vital sign information of the subject from different
areas of the field of view from the image data by
operations including:
determine an energy distribution parameter of the

plurality of alternating signals;
select at least one area in the field of view based on
the determined energy distribution parameter,

determine at least one characteristic parameter corre-
sponding to a respiration parameter of the subject on
the basis of the plurality of alternating signals,

calculate the respiration volume of the subject on the
basis of the calibration value and the at least one
characteristic parameter wherein the plurality of
alternating signals are weighted by a weight factor;

control a display device to continuously display the
calculated respiration volume of the subject;

wherein the spirometer is further configured to

measure the breathing volume of the subject during an
inhale and an exhale cycle;

correlate a maximum inhale volume to the correspond-
ing maximum of the characteristic parameter;

correlate a minimum inhale volume to the correspond-
ing minimum of the characteristic parameter to
determine the calibration value; and

scale the characteristic parameter according to the
determined calibration value to continuously calcu-
late the respiration volume.
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