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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a device and
method for monitoring movement and orientation of a
person. Further, the present invention relates to a proc-
essor and processing method for use in such a device.
Finally, the present invention relates to a computer pro-
gram for implementing said processing method on a com-
puter.

BACKGROUND OF THE INVENTION

[0002] Respiration rate (RR) and respiration volume
(RV) are vital signs to be monitored in hospitalized or
bedridden patients. Measurement of RR and/or RV is
currently not performed at all, rather inaccurately, or in a
time consuming way (e.g. by a nurse who counts inha-
lations of a patient over a defined period of time, then
records the metric in a chart, manually). Automated meth-
ods are therefore desirable.
[0003] Known systems and methods particularly use
tension belts mounted around the chest, accelerometers
placed on the chest or cameras aimed at the chest
equipped with video analysis algorithms. Besides the
general monitoring of RR for bedridden patients, it is likely
of great interest to perform detailed sleep studies.
[0004] DE 30 40 452 A1 (BATTELLE INSTITUT E V),
27 May 1982 discloses measuring heart rate, breathing
rate and temperature changes in animals, specifically
pigs, using a temperature sensor and a photoplethysmo-
graphic sensor comprising a light sensor that measures
light reflected from the body of the animal.
[0005] US 2008/071177 A1 (YANAGIDAIRA MASA-
TOSHI ET AL), 20 March 2008 discloses use of a camera
embedded in a car seat instead of an in-sear pressure
sensor, that detects a shape line of a specific portion of
the body of a person from the recorded images, from
which breathing is extracted.
[0006] EP 1 645 840 A1 (SUMITOMO OSAKA CE-
MENT CO LTD; UNIV KEIO) 12 April 2006 discloses an
image capturing apparatus installed typically at some dis-
tance and 27.09.2018 angle of a projection device, to
capture a 3D image of an object or person in a target area
[0007] WO 2007/085241 A1 (KLETT ROLF), 2 August
2007 discloses placing a graphic marker on a body part,
and recording the body part with an image recording cam-
era to record the position and movement of the graphic
marker (and thus the body part).
[0008] WO 2010/066 824 A2 (PNEUMACAR LTD; IL-
ES RICHARD; CAMERON JONATHAN; ROBERTS), 17
June 2010 discloses projecting a pattern of radiation onto
an object, and recording a set of images of the object,
from which change in configuration of the object in 3D is
derived.
[0009] Other modern devices, such as smart phones
or cameras, also comprise a three-axis accelerometer or

gyroscope for determining movements and orientation
of the device, for instance to switch the display shown in
the screen to the correct orientation.

SUMMARY OF THE INVENTION

[0010] It is an object of the present invention to provide
a device and method for monitoring movement and ori-
entation of a person.
[0011] It is a further object of the present invention to
enable monitoring of a subject’s respiration without in-
truding the privacy of a patient, but provides a high sen-
sitivity and may, preferably, also allow measurement of
the respiration volume in addition to measurement of the
respiration rate. Further, a corresponding processor,
processing method and computer program shall be pro-
vided. In a first aspect of the present invention a device
for monitoring movement and orientation of a person is
presented, the device comprising: an imaging unit for ob-
taining images over time, a holding means for holding
said imaging unit onto the person’s chest, in particular
onto a clothing or a cover covering the subject’s chest,
to obtain images from the surroundings of the person,
the holding means comprising a holder configured to hold
the imaging unit onto the person such that the imaging
unit is facing away from the person, and a processing
unit for detecting movement and orientation of the person
and detecting periodic movements of the person’s chest
caused by respiration by detecting changes in subse-
quently obtained images.
[0012] In a further aspect of the present invention a
method for monitoring movement and orientation of a
person is presented, the method comprising: obtaining
images over time by an imaging unit facing away from
the person to obtain images from the surroundings of the
person, and detecting movement and orientation of the
person and detecting periodic movements of the person’s
chest caused by respiration by detecting changes in sub-
sequently obtained images.
[0013] In a further aspect a processor is presented for
use in a device for monitoring movement and orientation
of a person, the device comprising an imaging unit facing
away from the person for obtaining images over time from
the surroundings of the person, said processor being
configured to detect movement and orientation of the per-
son and to detect periodic movements of the person’s
chest caused by respiration by detecting changes in sub-
sequently obtained images.
[0014] In a further aspect of the present invention a
processing method for use in a device for monitoring
movement and orientation of a person is presented, the
device comprising an imaging unit facing away from the
person for obtaining images over time from the surround-
ings of the person, said processing method comprising
detecting movement and orientation of the person and
detecting periodic movements of the person’s chest
caused by respiration by detecting changes in subse-
quently obtained images.
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[0015] In yet another aspect 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.
[0016] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed methods, processor, and computer program
have similar and/or identical preferred embodiments as
the claimed device and as defined in the dependent
claims.
[0017] It has been found by the present invention pro-
vides that a functionality similar to the functionality of a
three-axis accelerometer or a gyroscope, as present in
modern smart phones, can be provided by means of an
imaging unit, such as a simple camera. A known three-
axis accelerometer embedded into a device (e.g. smart
phone) generally measures motion and orientation of the
device in space. Generally, the same information (move-
ment and orientation) can, however, also be obtained by
evaluating subsequently obtained images to detect from
changes between subsequent images if the device has
moved and in which direction it has or how the orientation
of the device is compared to a previous orientation.
[0018] The invention is to attach the device to an object
in a way that the device experiences the same move-
ments as the object, making it is possible to detect the
motion of the object by evaluating images data as ex-
plained above. Hereby, it is to be noted that the device
needs to be attached to the object in such a way, that
the imaging unit is facing away from the object and takes
images of the surroundings of the object. In other words,
there is no direct (visual) detection of movement of the
object by simply observing the object by the imaging unit,
but changes in the images taken of the surroundings are
evaluated.
[0019] In particular, according to the present invention,
by observing changes in subsequently obtained images
from the surroundings of the object, e.g. the ceiling, the
wall, any devices in the room, shadows or other charac-
teristic (fixed) marks on the ceiling or wall, etc., informa-
tion about the movement of the object can be indirectly
monitored.
[0020] In this context, it shall be noted that the detection
of movement may include the detection of acceleration
of the device. Further, the term "object" does not only
cover non-living devices, but also includes living subject
(humans, animals, plants), i.e. the invention may also be
used to detection movements and/or orientations of sub-
jects. Still further, it shall be noted that the processing
unit must not necessarily be embedded into the same
common entity or housing like the imaging unit and hold-
ing means, but may also be arranged separately there
from and may be connected (wired or wireless) to the
imaging unit for receiving the image data.
[0021] Generally, by embedding the present invention
into standalone dedicated devices or smart phones, it
can be used for many different applications, including

healthcare and lifestyle applications. For example, sleep
phase alarm clocks use accelerometric sensors to detect
movement of a sleeper, so that it can wake the person
when he/she is not in REM (Rapid Eye Movement) phase,
therefore awakes more easily.
[0022] According to a preferred embodiment said
processing unit is configured to detect periodic displace-
ments of one or more features of the surroundings, in
particular static marks or gradients of light, in the obtained
images for detecting movement, in particular accelera-
tion and/or periodic movement, of the person.
[0023] The imaging unit may be configured to contin-
uously or at regular intervals obtain images, in particular
to obtain still images or video data by use of a still image
camera, video camera and/or infrared camera. An infra-
red camera is preferably useful to obtain image data dur-
ing night time or in dark rooms. The user may be given
the option at which intervals images shall be obtained.
This may depend from the situation where the proposed
system and method shall be used. For instance, if used
in an ICU (intensive care unit) environment for patient
monitoring, the respiration monitoring will be done con-
tinuously, while for observation of the health status or to
provide an information if the person is alive, particularly
of elderly people, monitoring only a few times of day and
night might be sufficient.
[0024] In general, the frequency of images could be
dependent on the expected frequency of the measured
signal. For example, the frequency of respiration is not
expected to be > 60 breathes per minute; a sufficient
frame-rate for respiration monitoring can be 15 frames
per second. In order to measure a rate of the extracted
signal, at least two periods of the signal should be ob-
served. For example, for respiration that means a pre-
ferred minimal temporal period of about 2 seconds or 30
frames. Ideally, the maximum temporal window size
should be flexible, to adjust any low rate of respiration
(e.g. 2-3 breathes per minute).
[0025] According to a preferred embodiment said hold-
ing means comprises a holder for placing the imaging
unit or the device onto a subject’s chest, in particular onto
a clothing or a cover covering the subject’s chest, such
that the imaging unit is facing away from the subject’s
chest to obtain images from the surroundings of the sub-
ject, and said processing unit is configured to detect pe-
riodic movements of the subject’s chest caused by res-
piration by detecting changes in subsequently obtained
images and to determining the subject’s respiration rate
and/or respiration volume from the detected movements
of the subject’s chest. For instance, in a practical embod-
iment multiple cameras are embedded in a small blanket-
like object which allows estimation of not only RR but
also RV. Placement of the blanket on a patient’s chest
will cause each camera to be roughly perpendicular to
the patient’s chest. Together, the cameras’ images pro-
vide 3D information regarding the patient’s curvature and
thus volume changes over time (comparable to multiple
cameras placed at different positions on a balloon that
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is inflated). The imaging unit or the device can be position
also on a bed, in a vicinity of the monitored person. In
this case, the device would measure motion of a bed,
induced by the respiratory motion of the patient.
[0026] It has been found that in the known camera
based systems for measuring the RR the camera is gen-
erally directed to the chest of the patient to monitor the
chest movements. However, in particular for prolonged
(continuous) monitoring, a camera aimed at the patient
may cause the patient to feel that his/her privacy is in-
truded upon. This problem is avoided by the present in-
vention and the intrusion of privacy is strongly diminished
or even prevented completely by aiming the imaging unit,
e.g. a camera, away from the subject (e.g. a patient).
[0027] According to this embodiment of the present in-
vention the RR (and possible RV) is thus not derived from
image data of the subject itself, but from changes in sub-
sequently obtained images from the surroundings of the
subject. Thus, information about the movement of the
subject’s chest can be indirectly monitored. From said
(indirectly) obtained information about the chest move-
ments the desired information on the subject’s respiration
can be derived.
[0028] Since known accelerometers that are used ac-
cording to a known method for respiration measurement
measure acceleration (not displacement) slow deep in-
halations may be missed or misinterpreted as poor res-
piration. The proposed monitoring system is more sen-
sitive for such motions, particularly since the proposed
arrangement of the imaging unit, i.e. close to or on chest
looking away from the subject, enhances any small an-
gular motions into relatively large displacements of the
imaged area so that changes of the image over time are
clearly visible.
[0029] Thus, according to this embodiment of the
present invention, the imaging unit, e.g. one or more im-
age sensors, positioned on the chest and aimed away
from the subject, record images of the surroundings. Res-
piration induced periodic movements of the chest thus
translate into periodic changes in the recorded images.
The combination of these images, e.g. video streams, is
used to derive the RR from the periodic changes and/or
the RV from the geometrical information of the image
unit’s positions, which can preferably also be determined
from the recorded images.
[0030] As mentioned, said processing unit is preferably
configured to determine the subject’s respiration rate
from the period of detected changes in subsequently ob-
tained images and/or to determine the subject’s respira-
tion volume from the strength of changes, in particular
the intensity of displacements of one or more features of
the surroundings, in subsequently obtained images.
[0031] To further increase the strength of (angular)
movement of the imaging unit a side of the holder facing
the subject is curved, in particular in the form of a hem-
isphere. Movements of the chest are thus "amplified" due
to the curvature of the holder.
[0032] In a preferred embodiment said monitoring sys-

tem further comprises an acceleration measurement unit
for determining the acceleration of movements of the
subject, wherein said processing unit is configured to dis-
tinguish period movement of the subject caused by res-
piration from other movements of the body from the ob-
tained images and to determine the respiration of the
subject from the determined acceleration of said periodic
movements of the subject caused by respiration. This
allows distinguishing between movements of the subject
(in particular the chest) caused by respiration and other
movements that may also lead to changes in the obtained
images, which latter changes shall not be evaluated for
determining the RR and/or RV.
[0033] In an advanced embodiment said imaging unit
comprises at least two imaging elements, e.g. image sen-
sors or cameras, arranged on said holder for individually
obtaining images of the subject’s surroundings and said
processing unit is configured to determine the respiration
volume of the subject by analyzing differences of the
changes in said individually obtained images. Particularly
the strength of the changes observed in images obtained
from different imaging elements allows determining the
amount of motion of the chest which is then used to derive
information on the respiration volume.
[0034] Preferably, said holder is integrated into a cover
covering the subject’s chest, in particular into a blanket.
This easily allows a continuous monitoring, e.g. in an ICU
environment, without having any impact on the patient’s
freedom of movement. Preferably, many imaging ele-
ments are used, e.g. integrated into the blanket, so that
there is at least one imaging element positioned above
the patient’s chest.
[0035] In still another embodiment said holder is inte-
grated into a seatbelt of a vehicle, and said processing
unit is configured to detect motion of the hands of a sub-
ject that is secured by said seatbelt from the obtained
images and to detect drowsiness of the subject from the
detected motion of the subject’s hands and the deter-
mined respiration rate and/or respiration volume of the
subject. This allows use of the invention in a different
field of application, particularly as a safety feature in cars,
trucks, trains, airplanes, etc. where it must be made sure
that the user (i.e. the driver, pilot, ...) is alive, awake and
watchful. This can be ensured by use of the present in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows schematic layouts of three embodi-
ments of the device according to the present inven-
tion,
Fig. 2 illustrates a first way of arrangement of the
proposed device for a first application as respiration
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monitoring device,
Fig. 3 illustrates the general function of a first em-
bodiment of the proposed respiration monitoring de-
vice,
Fig. 4 illustrates the extraction of a respiration signal
by use of the first embodiment of the proposed res-
piration monitoring device,
Fig. 5 illustrates the general function of a second
embodiment of the proposed respiration monitoring
device, and
Fig. 6 illustrates a second way of arrangement of the
proposed device for a second application.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Fig. 1 shows schematic layouts of three embod-
iments of the device 1a, 1b, 1c according to the present
invention. Such a device may be a respiration monitoring
system directed to the monitoring of a patient’s respira-
tion (mainly respiration rate and/or respiration volume,
but also respiration or non-respiration). Such a respira-
tion monitoring system can be applied for monitoring the
respiration of any subject, i.e. persons (e.g. elderly per-
sons living at home or in a special-care home) or animals
(e.g. in a medical station for animals). Many further ap-
plications of such a device are possible as will be ex-
plained below.
[0038] Generally, the device 1a, 1b, 1c for monitoring
movement and orientation of the device comprises an
imaging unit 10 for obtaining images over time, a holding
means 12 for holding said imaging unit to obtain images
from the surroundings of the device (at least static image
features), and a processing unit 14 for detecting move-
ment and orientation of the device by detecting changes
(at least of static image features) in subsequently ob-
tained images. The observed changes in the images, in
particular the displacements of the static image features
can be translated into changes of the position and/or ori-
entation of the device.
[0039] In the first embodiment of the device 1a the
processing unit 14 is included in the holding means 12
(e.g. a mechanical holder for holding the camera repre-
senting the imaging unit 10). Alternatively, the processing
unit 14 may be included in the imaging unit 10. In the
second embodiment of the device 1b the processing unit
14 is arranged outside of the holding means 12, e.g. as
a separate device in the same or a different room to which
the image data are transmitted from the imaging unit 10
by any kind of connection (wired, wireless, mixed, ...).
[0040] In the third embodiment of the device 1c, which
is quite similar to the second embodiment of the device
1b an additional movement sensor 16, in particular an
acceleration sensor, is provided by which respiration
movements of an object to which said device 1c (or at
least the imaging unit 10) is attached, can be distin-
guished from other movements of the object (e.g. small
rotation) so that only images obtained during movements
to be detected (e.g. periodic respiratory movements in

case of monitoring the respiration of a patient) can be
selected and used to determine the information.
[0041] Fig. 2 illustrates a first implementation of the
first embodiment of the device 1a for a respiration mon-
itoring, where all elements of the device 1a are imple-
mented as a single device 2. As an example, the imaging
unit 10 may be a simple imaging sensor, e.g. a low-cost
video camera. The imaging sensor 10 is built on the hold-
er 12, which contains the processing unit 14 and further
(for a real implementation required, but for the present
invention not essential) elements 18 like drivers, batteries
and memory. The device 2 should be placed on a chest
of a subject to ensure upward imaging sensor orientation
(i.e. facing away from the subject; indicated by arrow 20)
such that the imaging sensor 10 views the ceiling or wall
features. It should be noted that "upward" and "facing
away from the subject" should be interpreted broadly, i.e.
it is not required that the viewing direction is exactly 90°
to the surface of the subject, but a slightly sideways ori-
entation is acceptable and would not diminish the func-
tionality of the device. Further, the device 2 can but does
not require a direct contact with the subject’s body and
can be placed on a blanket 22 or clothes, as shown in
Fig. 2.
[0042] According to the present invention the imaging
unit 10 automatically detects within the obtained images
any marks or other characteristics (static image features)
in the surroundings (e.g. on ceiling or walls) and analyses
displacements of those marks over time in subsequently
obtained images. In the absence of features, any static
(not moving) gradient in light intensity on a ceiling or walls
can be used as well as a mark. Rooms without such gra-
dients are virtually non-existent in practice.
[0043] For breathing monitoring a preferred frame rate
may be between 5 and 20 frames per second. However,
in general, the frame rate depends on the kind of appli-
cation and may be higher or lower than this number.
Mainly the expected rate according to which the observed
characteristics change determines the frame rate. Suffi-
cient periods of the changes should be observed to have
a higher reliability of the obtained result.
[0044] The displacement measured by the imaging
unit 10 will correspond to the motion of the chest during
inhalation or exhalation, as shown in Fig. 3. Fig. 3A shows
the exhaled state, where the torso of the patient 24 is in
normal state and the imaging unit 10 points ("looks") up-
wards. Fig. 3A also shows a side view of the device 2
and an example of a (ceiling) image 30 including, as sche-
matic examples for detected marks, a triangle 32 and a
circle 34.
[0045] Fig. 3B shows the inhaled state, where the torso
of the patient 24 is in an expanded (or curved) state and
the imaging unit 10 points ("looks") more sidewards. As
indicated by the changed image 31 the displacement of
the image 31, indicated by the changed positions of the
marks 32, 34, is very sensitive for small angular changes,
as also indicated by the shown vector diagram. Any, even
very small displacements of the detected marks 32, 34
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will thus be detected by the device 2. The size of the
displacement corresponds to the amount of motion dur-
ing inhaling and exhaling.
[0046] Respiration causes repetitive motion of chest
and/or belly. The proposed device, being placed on a
chest of a person, can register repetitive motion of marks
and generate a signal, which corresponds to the respi-
ration signal, as shown in Fig. 4. The first row shows an
exemplary scenario on the ceiling of a room including,
as exemplary marks, a triangle 42 and a circle 44. In the
second row side views of the device 2 over time for dif-
ferent states over a single respiration cycle are shown.
In the third row the obtained images 30 including the im-
aged marks 32, 34 are shown. In the fourth row a dis-
placement signal 50 indicating the relative displacement
of the imaged marks 32, 34 is indicated over time. In the
fifth row a derived respiration cycle signal 60 is shown
indicating the counted respiration cycles on a longer time
scale, which respiration cycle signal 60 finally represents
or allows retrieving the respiration rate.
[0047] The sensitivity of the measurement can be in-
creased by amplifying the motion of a camera by means
of curved (e.g. hemisphere) surface of the back of the
device.
[0048] In another embodiment of the proposed device,
implemented as a respiration monitoring device 3, at
least two imaging units 10a, 10b, 10c (see Fig. 5) are
used, placed e.g. at one flexible platform 13. This em-
bodiment allows measurement of a respiratory volume
(RV) by analyzing the difference in spatial displacement
detected by the different imaging units 10a, 10b, 10c as
indicated in Fig. 5. Fig. 5A shows the exhaled state,
where the torso of the patient 24 is in normal state and
most imaging units 10a, 10b, 10c point ("look") substan-
tially upwards. Fig. 5A also shows a side view of the de-
vice 3 and an example of three (ceiling) images 30a, 30b,
30c taken by the imaging units 10a, 10b, 10c.
[0049] Fig. 5B shows the inhaled state, where the torso
of the patient 24 is in an expanded (or curved) state. The
imaging units 10a, 10b, 10c point ("look") more sidewards
and at least some imaging units 10a, 10b, 10c are aimed
laterally. As indicated by the changed images 31a, 31b,
31c the displacements of the images 31a, 31b, 31c, in-
dicated by the changed positions of the marks 32, 34,
depend on the actual position of the respective imaging
units 10a, 10b, 10c.
[0050] According to a further embodiment a flexible
platform carrying or including several imaging units is
embedded into a blanket, particularly in a part of it located
near a chest of a person. In this case, a long-term mon-
itoring of a sleep quality is possible by means of combined
analysis of respiratory motion, actigraphy (motion of body
parts) and/or illumination conditions during the sleep,
which can all be collected by the imaging units.
[0051] An important advantage of the proposed inven-
tion is that it can be installed into any camera device so
that it can add the functionality of a three-axis acceler-
ometer to that device (e.g. low cost camera phone, web

cam, photo camera, barcode scanner etc. or a dedicated
device). There are more devices, which have a camera,
than devices with an embedded accelerometer. Using
the proposed invention all those camera devices can, for
instance, be enriched with a computer program (soft-
ware) functionality of an accelerometer implemented as
proposed herein.
[0052] The proposed invention can be used in several
applications for spot-check or continuous monitoring of
respiration (e.g. for sleep monitoring). The main use case
scenario might be a spot-check of respiration of a patient
by placing the proposed device on the top of a blanket,
near the chest of a patient. In this case, respiratory meas-
urement can be provided without a hassle of fixing a chest
belt on around a patient’s body, as is currently done and
which is time consuming and disturbing to a patient.
[0053] It shall also be noted that the proposed video-
based monitoring can be combined with other methods
for respiration monitoring (e.g. accelerometer-based) for
improvement of motion robustness. Still further, the pro-
posed method of respiration monitoring can be embed-
ded into another camera-based monitor or in a bar-code
scanner. Many patient monitors come with bar-code
scanners already today in order to scan patient ID wrist
bands or barcode labels on medications for security pur-
poses to make sure patient data and medication are as-
signed or administered to the right patient. Those bar-
code scanners are indeed video cameras which can be
used for taking regular images besides their original in-
tention to scan bar-codes. Therefore a bar-code scanner
that comes with a patient monitor to read wrist band IDs
from patients can also be used to detect patient respira-
tion. Then the measurement of respiration can be done
either in a conventional way, i.e. by pointing a camera
towards a subject, or in a way proposed according to the
present invention in case a subject objects a conventional
way of monitoring due to privacy issues.
[0054] In some embodiments the live image data can
be accessed remotely, thus providing a visual check from
a remote location through a (wired or wireless, e.g.
WLAN) connection to the camera to verify whether the
"sensor" is still in the right place and pointing to the right
target area. In other words, it is very easy to remotely
control the correctness of measurements without adding
extra dedicated hardware. This functionality cannot be
provided with a conventional accelerometer.
[0055] Another exemplary field of application - drowsi-
ness detection of a driver in a car - is illustrated in Fig.
6. In this scenario the proposed respiration monitoring
system, e.g. in the form of a device 2 as illustrated above
(or at least the holder and the imaging unit), is, for in-
stance, embedded in or fixed to a seatbelt 70 of a driver
(of a car, truck, tram, train; or of a pilot). The imaging unit
is able to not only measure a respiratory signal of a driver
in a way described above, but also analyze the motion
of the driver’s hands, visible in the images taken by the
imaging unit. The combined analysis of hands motion
and respiration allows detection of drowsiness of a driver
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(e.g. non-moving hands and relaxed respiration), or even
further, if the driver is alive and fully awake.
[0056] Still another application of the invention lies in
the field of sensing extremely shallow movements (e.g.
early earthquake detection). By use of the invention mo-
tion/movement can be translated into an angular dis-
placement of the imaging unit. Looking/focusing on far
away (static) objects or features will cause an amplifica-
tion of the angular movement and therefore makes it pos-
sible to detect even the slightest movement of the imag-
ing unit and/or an object the imaging unit is fixed to.
Hence, the invention provides an ultrasensitive mo-
tion/movement detector.
[0057] In similar other applications the device (e.g. in
the form of a smart phone) can be attached to or brought
in contact with other objects (or subjects) to measure
movement of the object / subject. For instance, the smart
phone can be attached to a person or a moving object
with the camera looking away from the object to detect
movement of the person or the object.
[0058] Briefly summarized, the present invention is
based on the general idea of measurement of movement
/ acceleration and/or orientation of a camera based de-
vice using a proposed video processing technique and
by pointing the camera away from the object that is being
measured, i.e. the present invention provides a kind of
camera-based accelerometer in a preferred embodi-
ment.
[0059] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations 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 dis-
closure, and the appended claims.
[0060] 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 unit may fulfill the functions of several items re-
cited 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.
[0061] A computer program may be stored/distributed
on a suitable non-transitory medium, such as an optical
storage medium or a solid-state medium supplied togeth-
er 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 telecommunication systems.
[0062] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Device for monitoring movement and orientation of

a person, the device comprising:

- an imaging unit (10) for obtaining images over
time,
- a holding means (12, 13) for holding said im-
aging unit to obtain images from the surround-
ings of the person, the holding means (12, 13)
comprising a holder configured to hold the im-
aging unit (10) onto the person’s chest, in par-
ticular onto a clothing or a cover covering the
person’s chest, such that the imaging unit (10)
is configured to face away from the person to
obtain images from the surroundings of the per-
son, and
- a processing unit (14) for detecting movement
and orientation of the person and detect periodic
movements of the person’s chest caused by res-
piration by detecting changes in subsequently
obtained images.

2. Device as claimed in claim 1, wherein said process-
ing unit (14) is configured to detect periodic displace-
ments of one or more features of the surroundings,
in particular static marks or gradients of light, in the
obtained images for detecting movement, in partic-
ular acceleration and/or periodic movement, of the
person.

3. Device as claimed in claim 1, wherein said imaging
unit (10) is configured to continuously or at regular
intervals obtain images, in particular to obtain still
images or video data by use of a still image camera,
video camera and/or infrared camera.

4. Device as claimed in claim 1, further comprising a
connection for allowing the images to be accessed
remotely.

5. Device as claimed in claim 1,
wherein said processing unit (14) is configured to
determining the person’s respiration rate and/or res-
piration volume from the detected movements of the
person’s chest.

6. Device as claimed in claim 5, wherein said process-
ing unit (14) is configured to determine the person’s
respiration rate from the period of detected changes
in subsequently obtained images.

7. Device as claimed in claim 5, wherein said process-
ing unit (14) is configured to determine the person’s
respiration volume from the strength of changes, in
particular the intensity of displacements of one or
more features of the surroundings, in subsequently
obtained images.

8. Device as claimed in claim 4 or 5, wherein a side of
the holder (12) facing the person is curved, in par-
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ticular in the form of a hemisphere.

9. Device as claimed in claim 5, further comprising an
acceleration measurement unit (18) for determining
the acceleration of movements of the person, where-
in said processing unit (14) is configured to distin-
guish period movement of the person caused by res-
piration from other movements of the body from the
obtained images and to determine the respiration of
the person from the determined acceleration of said
periodic movements of the subject caused by respi-
ration.

10. Device as claimed in claim 5,
wherein said imaging unit (10) comprises at least
two imaging elements (10a, 10b, 10c) arranged on
said holder (12, 13) for individually obtaining images
of the person’s surroundings and
wherein said processing unit (14) is configured to
determine the respiration volume of the person by
analyzing differences of the changes in said individ-
ually obtained images.

11. Device as claimed in claim 5,
wherein said holder (12, 13) is fixed to a seatbelt (70)
of a vehicle, and
wherein said processing unit (14) is configured to
detect motion of the hands of a subject that is se-
cured by said seatbelt (70) from the obtained images
and to detect drowsiness of the person from the de-
tected motion of the person’s hands and the deter-
mined respiration rate and/or respiration volume of
the person.

12. Method for monitoring movement and orientation of
a person, the method comprising:

- obtaining images over time by an imaging unit
(10) facing away from the person to obtain im-
ages from the surroundings of the person,
- detecting by a processing unit (14) movement
and orientation of the person and detecting by
the processing unit (14) periodic movements of
the person’s chest caused by respiration by de-
tecting changes in subsequently obtained imag-
es.

13. Processing method for use in a device for monitoring
movement and orientation of a person, the device
comprising an imaging unit (10) configured to fac
away from the person for obtaining images over time
from the surroundings of the person, said processing
method comprising detecting movement and orien-
tation of the person and detecting periodic move-
ments of the person’s chest caused by respiration
by detecting changes in subsequently obtained im-
ages.

14. Computer program comprising program code means
for causing a computer to carry out the steps of the
method as claimed in claim 13 when said computer
program is carried out on the computer.

Patentansprüche

1. Vorrichtung zum Überwachen von Bewegung und
Orientierung einer Person, wobei die Vorrichtung
Folgendes umfasst:

- eine Bildgebungseinheit (10) zum Erhalten von
Bildern im Zeitablauf;
- ein Haltemittel (12, 13) zum Halten der Bildge-
bungseinheit, um Bilder aus der Umgebung der
Person zu erhalten, wobei das Haltemittel (12,
13) einen Halter umfasst, der konfiguriert ist, die
Bildgebungseinheit (10) auf dem Brustkorb der
Person, insbesondere auf einem Kleidungs-
stück oder einer Abdeckung, die den Brustkorb
der Person abdeckt, zu halten, so dass die Bild-
gebungseinheit (10) konfiguriert ist, von der Per-
son weg zu zeigen, um Bilder aus der Umge-
bung der Person zu erhalten, und
- eine Verarbeitungseinheit (14) zum Nachwei-
sen von Bewegung und Orientierung der Person
und zum Nachweisen durch die Atmung bewirk-
ter periodischer Bewegungen des Brustkorbs
der Person durch Nachweisen von Veränderun-
gen in nachfolgend erhaltenen Bildern.

2. Vorrichtung nach Anspruch 1, wobei die Verarbei-
tungseinheit (14) konfiguriert ist, periodische Ver-
schiebungen eines oder mehrerer Merkmale der
Umgebung, insbesondere statischer Markierungen
oder Lichtgradienten, in den erhaltenen Bildern
nachzuweisen, um Bewegung, insbesondere Be-
schleunigung und/oder periodische Bewegung, der
Person nachzuweisen.

3. Vorrichtung nach Anspruch 1, wobei die Bildge-
bungseinheit (10) konfiguriert ist, kontinuierlich oder
in regelmäßigen Abständen Bilder zu erhalten, ins-
besondere durch Verwendung einer Standbildka-
mera, Videokamera und/oder Infrarotkamera Stand-
bilder oder Videodaten zu erhalten.

4. Vorrichtung nach Anspruch 1, weiter umfassend ei-
ne Verbindung, um einen Fernzugriff auf die Bilder
zu erlauben.

5. Vorrichtung nach Anspruch 1,
wobei die Verarbeitungseinheit (14) konfiguriert ist,
die Atemfrequenz und/oder das Atemvolumen der
Person aus den nachgewiesenen Bewegungen des
Brustkorbs der Person zu ermitteln.
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6. Vorrichtung nach Anspruch 5, wobei die Verarbei-
tungseinheit (14) konfiguriert ist, die Atemfrequenz
der Person aus dem Zeitraum nachgewiesener Ver-
änderungen in nachfolgend erhaltenen Bildern zu er-
mitteln.

7. Vorrichtung nach Anspruch 5, wobei die Verarbei-
tungseinheit (14) konfiguriert ist, das Atemvolumen
der Person aus der Stärke der Veränderungen, ins-
besondere der Intensität von Verschiebungen eines
oder mehrerer Merkmale der Umgebung, in nachfol-
gend erhaltenen Bildern zu ermitteln.

8. Vorrichtung nach Anspruch 4 oder 5, wobei eine Sei-
te des Halters (12), die der Person zugewandt ist,
gekrümmt ist, insbesondere in Form einer Halbku-
gel.

9. Vorrichtung nach Anspruch 5, weiter umfassend ei-
ne Beschleunigungsmesseinheit (18) zum Ermitteln
der Beschleunigung von Bewegungen der Person,
wobei die Verarbeitungseinheit (14) konfiguriert ist,
durch die Atmung bewirkte periodische Bewegung
von anderen Bewegungen des Körpers aus den er-
haltenen Bildern zu unterscheiden und die Atmung
der Person aus der ermittelten Beschleunigung
durch die Atmung bewirkter periodischen Bewegun-
gen des Subjekts zu ermitteln.

10. Vorrichtung nach Anspruch 5,
wobei die Bildgebungseinheit (10) mindestens zwei
auf dem Halter (12, 13) angeordnete Bildgebungs-
elemente (10a, 10b, 10c) umfasst, um individuell Bil-
der der Umgebung der Person zu erhalten, und
wobei die Verarbeitungseinheit (14) konfiguriert ist,
das Atemvolumen der Person durch Analysieren von
Unterschieden bei den Änderungen der individuell
erhaltenen Bilder zu ermitteln.

11. Vorrichtung nach Anspruch 5,
wobei der Halter (12, 13) an einem Sicherheitsgurt
(70) eines Fahrzeugs befestigt ist und
wobei die Verarbeitungseinheit (14) konfiguriert ist,
Bewegung der Hände eines Subjekts, das durch den
Sicherheitsgurt (70) gesichert ist, aus den erhalte-
nen Bildern nachzuweisen und Benommenheit der
Person aus der nachgewiesenen Bewegung der
Hände der Person und der ermittelten Atemfrequenz
und/oder dem ermittelten Atemvolumen der Person
nachzuweisen.

12. Verfahren zum Überwachen von Bewegung und Ori-
entierung einer Person, wobei das Verfahren Fol-
gendes umfasst:

- Erhalten von Bildern im Zeitablauf durch eine
Bildgebungseinheit (10), die von der Person
weg zeigt, um Bilder von der Umgebung der Per-

son zu erhalten,
- Nachweisen von Bewegung und Orientierung
der Person durch eine Verarbeitungseinheit (14)
und Nachweisen durch die Atmung bewirkter
periodischer Bewegungen des Brustkorbs der
Person durch die Verarbeitungseinheit (14)
durch Nachweisen von Veränderungen in nach-
folgend erhaltenen Bildern.

13. Verarbeitungsverfahren zur Verwendung in einer
Vorrichtung zum Überwachen von Bewegung und
Orientierung einer Person, wobei die Vorrichtung ei-
ne Bildgebungseinheit (10) umfasst, die konfiguriert
ist, von der Person weg zu zeigen, um Bilder im Zeit-
ablauf von der Umgebung der Person zu erhalten,
wobei das Verarbeitungsverfahren das Nachweisen
von Bewegung und Orientierung der Person und das
Nachweisen durch die Atmung bewirkter periodi-
scher Bewegungen des Brustkorbs der Person
durch Nachweisen von Veränderungen in nachfol-
gend erhaltenen Bildern umfasst.

14. Computerprogramm, umfassend Programmcode-
mittel, um zu veranlassen, dass ein Computer die
Schritte des Verfahrens nach Anspruch 13 ausführt,
wenn das Computerprogramm auf dem Computer
ausgeführt wird.

Revendications

1. Dispositif pour contrôler un mouvement et une orien-
tation d’une personne, le dispositif comprenant :

- une unité d’imagerie (10) pour obtenir des ima-
ges au cours du temps,
- un moyen de maintien (12, 13) pour maintenir
ladite unité d’imagerie pour obtenir des images
de l’environnement de la personne, le moyen de
maintien (12, 13) comprenant un support confi-
guré pour maintenir l’unité d’imagerie (10) sur
la poitrine de la personne, en particulier sur un
vêtement ou une couverture recouvrant la poi-
trine de la personne, de sorte que l’unité d’ima-
gerie (10) est configurée pour faire face à l’op-
posé de la personne pour obtenir des images
de l’environnement de la personne, et
- une unité de traitement (14) pour détecter un
mouvement et une orientation de la personne
et pour détecter des mouvements périodiques
de la poitrine de la personne provoqués par la
respiration en détectant des changements
d’images obtenues par la suite.

2. Dispositif selon la revendication 1, dans lequel ladite
unité de traitement (14) est configurée pour détecter
des déplacements périodiques d’une ou plusieurs
particularités de l’environnement, en particulier des
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repères statiques ou des gradients de lumière, dans
les images obtenues pour détecter un mouvement,
en particulier une accélération et/ou un mouvement
périodique, de la personne.

3. Dispositif selon la revendication 1, dans lequel ladite
unité d’imagerie (10) est configurée pour obtenir con-
tinuellement ou à intervalles réguliers des images,
en particulier pour obtenir des images fixes ou des
données vidéo par l’utilisation d’un appareil de prise
de vues d’images fixes, un appareil de prise de vues
vidéo et/ou un appareil de prise de vues à infrarouge.

4. Dispositif selon la revendication 1, comprenant en
outre une connexion pour permettre l’accès à dis-
tance aux images.

5. Dispositif selon la revendication 1,
dans lequel ladite unité de traitement (14) est confi-
gurée pour déterminer le rythme respiratoire et/ou
le volume de respiration de la personne à partir des
mouvements détectés de la poitrine de la personne.

6. Dispositif selon la revendication 5, dans lequel ladite
unité de traitement (14) est configurée pour déter-
miner le rythme respiratoire de la personne à partir
de la période de changements détectés dans des
images obtenues par la suite.

7. Dispositif selon la revendication 5, dans lequel ladite
unité de traitement (14) est configurée pour déter-
miner le volume de respiration de la personne à partir
de l’intensité de changements, en particulier l’inten-
sité de déplacements d’une ou plusieurs particulari-
tés de l’environnement, dans des images obtenues
par la suite.

8. Dispositif selon la revendication 4 ou 5, dans lequel
un côté du support (12) faisant face à la personne
est incurvé, en particulier sous la forme d’un hémis-
phère.

9. Dispositif selon la revendication 5, comprenant en
outre une unité de mesure d’accélération (18) pour
déterminer l’accélération de mouvements de la per-
sonne, dans lequel ladite unité de traitement (14) est
configurée pour faire la distinction entre un mouve-
ment périodique de la personne provoqué par la res-
piration et d’autres mouvements du corps à partir
des images obtenues et pour déterminer la respira-
tion de la personne à partir de l’accélération déter-
minée desdits mouvements périodiques du sujet
provoqués par la respiration.

10. Dispositif selon la revendication 5,
dans lequel ladite unité d’imagerie (10) comprend
au moins deux éléments d’imagerie (10a, 10b, 10c)
agencés sur ledit support (12, 13) pour obtenir indi-

viduellement des images de l’environnement de la
personne, et
dans lequel ladite unité de traitement (14) est confi-
gurée pour déterminer le volume de respiration de
la personne en analysant des différences des chan-
gements desdites images obtenues individuelle-
ment.

11. Dispositif selon la revendication 5,
dans lequel ledit support (12, 13) est fixé à une cein-
ture de sécurité (70) d’un véhicule, et
dans lequel ladite unité de traitement (14) est confi-
gurée pour détecter un mouvement des mains d’un
sujet qui est sécurisé par ladite ceinture de sécurité
(70) à partir des images obtenues et pour détecter
la somnolence de la personne à partir du mouvement
détecté des mains de la personne et du rythme res-
piratoire déterminé et/ou du volume de respiration
de la personne.

12. Procédé pour contrôler un mouvement et une orien-
tation d’une personne, le procédé comprenant :

- l’obtention d’images au cours du temps par une
unité d’imagerie (10) faisant face à l’opposé de
la personne pour obtenir des images de l’envi-
ronnement de la personne,
- la détection par une unité de traitement (14)
d’un mouvement et d’une orientation de la per-
sonne et la détection par l’unité de traitement
(14) de mouvements périodiques de la poitrine
de la personne provoqués par la respiration en
détectant des changements dans des images
obtenues par la suite.

13. Procédé de traitement à utiliser dans un dispositif
pour contrôler un mouvement et une orientation
d’une personne, le dispositif comprenant une unité
d’imagerie (10) configurée pour faire face à l’opposé
de la personne pour obtenir des images au cours du
temps provenant de l’environnement de la personne,
ledit procédé de traitement comprenant la détection
d’un mouvement et d’une orientation de la personne
et la détection de mouvements périodiques de la poi-
trine de la personne provoqués par la respiration en
détectant des changements d’images obtenues par
la suite.

14. Programme informatique comprenant un moyen for-
mant code de programme pour amener un ordina-
teur à effectuer les étapes du procédé selon la re-
vendication 13 lorsque ledit programme informati-
que est exécuté sur l’ordinateur.
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