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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an unobtrusive remote monitoring device and method for extracting information
from characteristic signals, wherein the characteristic signals are embedded in a data stream derivable from electro-
magnetic radiation, in particular wherein the data stream comprises a continuous or discrete signal including physiological
information indicative of at least one at least partially periodic vital sign.

BACKGROUND OF THE INVENTION

[0002] WO 2010/100594 A2 discloses a method and a system for processing images of living beings. The method
comprises the steps of:

- obtaining a sequence of digital images taken at consecutive points in time;
- selecting at least one measurement zone comprising a plurality of image points, wherein
- the step of selecting at least one measurement zone includes analyzing information based on pixel data of a plurality

of image parts in at least one of the images, each image part including at least one image point, and selecting each
measurement zone from contiguous parts determined to have similar characteristics; and

- for each measurement zone, obtaining a signal representative of at least variations in a time-varying average value
of a combination of pixel values at at least a number of the image points for use in determining at least one of a
presence and a frequency value of at least one peak in a spectrum of the signal corresponding to a frequency of a
periodic physiological phenomenon.

[0003] This document further discloses several refinements of the method. In general, in the field of image processing
enormous progress was made in that profound analyses of the recorded data were enabled. In this context, it could be
envisaged to extract information from recorded data in a way as to enable detailed conclusions regarding the personality
or even the well-being of an observed living individual.
[0004] However, as the recorded data, such as captured reflected or emitted electromagnetic radiation, especially
recorded image frames, always comprises, beside of the desired signal to be extracted therefrom, further signal com-
ponents deriving from overall disturbances, by way of example, such as noise due to changing luminance conditions or
a movement of observed objects, a detailed precise extraction of the desired signals still poses major challenges for the
processing of such data.
[0005] This applies in particular when amplitudes and/or nominal values of disturbing signal components are much
larger than amplitudes and/or nominal values of desired signal components to be extracted. Potentially, the magnitude
of difference between the respective components can be expected to even comprise several orders.
[0006] A possible approach to this challenge may be directed to providing well-prepared and steady ambient conditions
when capturing a signal of interest in which the desired signal component is embedded so as to minimize disturbing
signal components overlaying the signal. However, such laboratory conditions cannot be transferred to everyday field
applications as high efforts and preparation work would be required therefor.
[0007] The required preparation might comprise, by way of example, installation and orientation of several standard
light sources and, moreover, measures for fixation of the object to be observed in order to avoid disturbing movements
responsible for an even larger noise level.
[0008] The document US2010/0179611 describes an implantable medical device for monitoring a physiological signal
such as heart electrical activity. As such, it is not an unobtrusive device.
[0009] The document JP2005/095581 describes a contact pulse-oximeter and concerns itself with reducing the power
required for the measurement. Since it is a contact apparatus, it is not unobtrusive.
[0010] The document WO2009/124297 describes a radar-based non-contact physiologic motion sensor and a related
method by using a Doppler shift. Consequently, it does not describe a method or device for extracting in-formation which
is configured for processing a data stream comprising a sequence of image frames derivable from electromagnetic
radiation, wherein a sensor means is implemented for detecting the electromagnetic radiation, and wherein the sensor
means is embodied by a video camera.
[0011] The document WO2005/030330 describes a target tracking method and an apparatus for radiation treatment.
Particularly, it discloses an MRI apparatus for generating MR images and a related method. Of particular note is the fact
that it proposes that markers be placed on the subject to be treated for tracking the subject and so, therefore, does not
disclose an unobtrusive remote monitoring device or method.
[0012] The document US2009/226071 describes a photoplethysmographic apparatus for determining a heart rate for
a subject, and a related method. Particularly, the apparatus is configured for processing visible light images. Furthermore,
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the apparatus may comprise a general purpose camera. It does not describe the extraction of a plurality of characteristic
index elements is extracted from a data stream comprising a sequence of image frames, and their projection to a
disturbance-reduced index element, and the determining of this element by optimizing of an expression under consid-
eration and the use of a predetermined index element.

SUMMARY OF THE INVENTION

[0013] It is therefore an object of the present invention to provide a system and a method for extracting information
from detected characteristic signals providing further refinements facilitating obtaining the desired signals with higher
accuracy.
[0014] The invention is defined in the independent claims. Furthermore, it would be advantageous to provide a system
even adapted for enabling an extraction of the desired signals under considerably poor ambient conditions, e.g. small
signal-to-noise ratio, varying luminance conditions and/or steady of even unsteady movements of the object to be
observed.
[0015] In a first aspect of the present invention an unobtrusive remote monitoring device for extracting information
from detected characteristic signals is presented, the system comprising:

- an interface for receiving a data stream comprising a sequence of image frames derivable from electromagnetic
radiation emitted or reflected by an object, the sequence of image frames comprising a continuous or discrete
characteristic signal including physiological information, the physiological information being representative of at
least one at least partially periodic vital signal,

- an extractor means for extracting the physiological information from the data stream, the extractor means deriving
a plurality of characteristic index elements from the data stream, the plurality of characteristic index elements being
indicative of the physiological information and a disturbing signal component, wherein the plurality of characteristic
index elements is associated with a signal space representative of characteristics of the electromagnetic radiation,
the signal space comprising a predetermined index element having a set orientation indicative of a reference phys-
iological information, the predetermined index element being at least approximately determinable by an upstream
determination of respective reference values,

- a converter means for converting the plurality of characteristic index elements by projecting them to a disturbance-
reduced index element derived from a given orientation and length of the plurality of characteristic index elements,
the disturbance-reduced index element having a distinct orientation in relation to a presumed orientation of the
disturbing signal component, wherein the disturbance-reduced index element is determined by optimizing an ex-
pression with consideration of the orientation of the predetermined index element, and

- a sensor means for detecting electromagnetic radiation within at least one particular wavelength range selected
from the group consisting of visible light, infrared light, and ultraviolet radiation, wherein the sensor means is con-
nectable to the interface, and wherein the sensor means is a video camera,

wherein the converter means is further adapted for determining the disturbance-reduced index element by defining a
dataset comprising a set of characteristic index element values derived by the extractor means, and by performing a
transformation, preferably a substantially orthogonal linear transformation, of the dataset to a coordinate system wherein
a dominant component thereof is aligned with an axis of the coordinate system, wherein the dominant component
coincides with the disturbance-reduced index element, and wherein the disturbance-reduced index element is determined
by minimizing the energy of the projected characteristic index elements over a temporal interval.
[0016] The present invention is based on the insight that, when aiming at an extraction of the desired vital signal, in
general a poor signal-to-noise ratio has to be considered. Having this general ratio in mind, it is likely to assume that
the signal component of interest, namely the characteristic index elements, generally comprises a major part indicative
of noise and the like, namely the disturbing component, and a probably very small part indicative of the desired vital
signal, namely the physiological information. As the disturbing signal component can be influenced by numerous dis-
turbance sources, the position and orientation thereof with regard to the signal space cannot be accurately predicted in
advance. However, the general orientation of the physiological information in the signal space can be, at least approx-
imately, predetermined and embodied by the predetermined index element associated with the signal space. In other
words, merely an expected nominal orientation, e.g. an axis or curve, of the physiological information can be determined
by an upstream process. On the other hand, the signal to be detected comprises, beside of a small desired part, a major
disturbing component the orientation, position and value of which are fairly unknown.
[0017] In this context, unpublished European patent application no. 09172337.9, in the name of the same applicant
as the present invention, filed before the priority date of the present application, proposes an enhancement of the
extraction of the desired signals in that, in essence, a detected overall signal representative of the desired signal and
noise is to be projected to a predetermined axis in a signal space, thereby eliminating noise orthogonal to this prede-
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termined axis. The signal-to-noise ratio can be improved to a certain extent in this way. However, as a further refinement
it would be desirable to further enhance this ratio by also eliminating signal components indicative of noise generally
orientated parallel to the predetermined axis or line.
[0018] Considering available input variables and given constraints, it should be noted that it appears to be unlikely to
provide a solution for the problem outlined above that is merely based on analytical and similar methods aiming at clear
and unique results. In contrast, the present invention relies on methods of multivariate statistics in order to arrive at an
approximate solution. Needless to say, also approximate solutions are considered to adequately improving the signal-
to-noise ratio, therefore fairly facilitating the extraction of the desired vital signals. The characteristic signal is, so to say,
analyzed in a way to detect a characteristic pattern of several characteristic index elements indicative of a main orientation
of the overlaying disturbing signal components. Having at least approximately determined the main disturbance or noise
orientation, the characteristic index elements can be projected to an element orthogonal to this determined main orien-
tation, namely the so-called disturbance-reduced index element, thereby eliminating noise orthogonal thereto. Thus, a
great improvement in noise reduction and signal quality can be achieved.
[0019] There exist several embodiments of the extractor means and the converter means. In a first, fairly simple
embodiment both, the detector means and the converter means, are embodied by a processing unit, in particular a
processing unit of a personal computer, which is driven by respective logic commands. Such a processing unit may also
comprise suitable input and output interfaces.
[0020] However, in the alternative, each of the extractor means and the converter means can be embodied by a
separate processing unit driven or driveable by respective commands. Hence, each respective processing unit can be
adapted to its special purpose. Consequently, a distribution of tasks may be applied, wherein distinct tasks are processed,
for instance, executed on a single processor of a multi-processor processing unit, or, again referring to a personal
computer, image processing-related tasks are executed on an image processor while other operational tasks are executed
on a central processing unit.
[0021] According to a preferred embodiment of the device for extracting information, the device further comprises an
analyzing means for determining the temporal variation of the projected index element, and for detecting the at least
one at least partially periodic vital signal represented by the physiological information.
[0022] Also the analyzing means can be embodied by a processing unit driven by logic commands. To this end, a
separate processing unit, or a processing unit which is common for the extractor means, the converter means and the
analyzing means can be utilized. The signal of interest, the at least one at least partially periodic vital signal, is represented,
so to say, by a pulsation of the projected index element over time. A characteristic frequency underlying this pulsation
can be considered highly indicative of the desired vital signal.
[0023] It should be noted that the projected index element still generally does not exactly coincide with the predeter-
mined index element. This would only happen in case the determined main orientation of the disturbing signal components
of the plurality of characteristics index elements should be orthogonal to the predetermined index element. If this would
apply, already a mere projection of each of the plurality of characteristic index elements to the predetermined index
element which, in this case, coincides with the disturbance-reduced index element would arrive at a fairly precise de-
termination of the at least one at least partially periodic vital signal. However, even if the predetermined index element
and the disturbance-reduced index element form an angle, preferably an acute angle, the projected index element
(projected to the disturbance-reduced index element) enables an accurate determination of the at least one at least
partially periodic vital signal as disturbing signal components indicative of noise are eliminated therefrom, at least to a
considerable extent. In case mainly the frequency of the temporal variations of the projected index element is to be
analyzed in order to detect the signal of interest, the mere length of the projected index element which differs from the
assumed length of the physiological information when aligned with the predetermined index element does not lead to a
wrong or distorted result of a frequency analysis as the frequency underlying the temporal pulsation is not influenced.
[0024] Alternatively, it would be further advantageous to present a device further refined in that the amplitude of the
projected index element is corrected with a factor depending on the angle between the disturbance-reduced index
element and the predetermined index element.
[0025] In this connection, according to a further improvement of the embodiment the analyzing means is further adapted
to compensate an angular offset between the projected index element and the predetermined index element having the
set orientation.
[0026] The compensation can be performed by trigonometric calculations. In this manner, the characteristic index
element can be accurately separated into the disturbing signal component and the physiological information, which
accurately represents the signal component of interest. In other words, the physiological information can be almost
completely restored from the noise-containing original characteristic index element.
[0027] According to a preferred embodiment of the device for extracting information the plurality of characteristic index
elements is a set of difference vectors representing temporal variations of the continuous or discrete characteristic signal
in the signal space.
[0028] In this connection, WO 2010/100594 A2 and European patent application no. 09172337.9 basically exemplify
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methods and devices for detecting such characteristic index elements and, moreover, methods and devices for analyzing
a processed signal derived therefrom so as to, in principle, arrive at desired vital signals.
[0029] The device for extracting information further comprises a sensor means for detecting electromagnetic radiation
within at least one particular wavelength range selected from the group consisting of visible light, infrared light, and
ultraviolet radiation, the sensor means being connectable to the interface.
[0030] In the alternative, data already captured and stored can be delivered to the interface and processed by the
device. When observing a living being, in particular an animal or, more particularly, a human being, vital signals can be
derived from slight variations in the radiation emitted, e.g. infrared light, and/or reflected, e.g. visible light and ultraviolet
radiation. For everyday application it is appreciated if substantially visible light is detected and analyzed. To this end,
beside of common natural or artificial light sources no further radiation sources are required and/or have to be considered
during analysis.
[0031] This embodiment can be further developed in that the sensor means comprises a camera adapted for capturing
a signal within a signal space selected from the group consisting of RGB, sRGB, Rg chromaticity, HSV, HSL, CMYK,
YPbPr, YCbCr, and xvYCC.
[0032] In other words, video cameras providing a sufficient color depth, even so-called webcams, can be utilized for
observing the object of interest and recording the data stream to be analyzed. It goes without saying that also derivates
of the named signal space types may be utilized, such as logRGB. It can be further envisaged to combine several distinct
signal spaces at least partially so as to provide a broader spectral basis for the required analyzing processes.
[0033] In this context, as an alternative, also a signal space can be envisaged which comprises wavelength ranges
of visible light and of infrared light. In this way, the device can be suitably adapted to varying overall conditions such as
greater changes in luminance conditions, or even day and night changes.
[0034] According to a further embodiment of the invention the signal space can be further transformed by taking the
logarithm of the detected plurality of characteristic index elements. In other words, also the scale of spectral components
or characteristics of the electromagnetic radiation represented by the signal space can be converted to a logarithmic
scale. To this extent, subsequent calculations in the signal space can be facilitated. Further, a range of several magnitudes
of values of input signals can be detected and processed while still enabling a clear overview and understanding of the
representation thereof is enabled.
[0035] According to an even further embodiment of the device for extracting information the at least one at least
partially periodic vital signal is selected from the group consisting of heart beat, respiration rate, and heart rate variability.
[0036] Needless to say, it is appreciated if the respective vital signal types can be converted into one another by
applying respective conversion and analyzing steps.
[0037] The named vital signals are related to blood circulation which can be observed by the sensor means when
recording a sequence of images representing an indicative area of the object of interest, e.g. a human being. Slight
variations of electromagnetic radiation emitted or reflected by the observed object can be represented, when analyzing
the recorded data stream, by the derived plurality of characteristic index elements. However, as mentioned above, beside
of the slight variations also disturbing signal components are embedded in the plurality of characteristics index elements.
[0038] According to a further embodiment of the device for extracting information the signal space is a normalized
color space, wherein at least one degree of freedom is at least temporarily compensated by a normalization process.
[0039] In practice, by way of example, the "pulsation" of the plurality of characteristics index elements comprising the
physiological information can describe a three-dimensional curve in the signal space. Analysis and calculation can be
simplified to a great extent in case said three-dimensional curve can be converted to a two-dimensional curve, or even
a two-dimensional straight line.
[0040] In this context, it is further preferred if the signal space is a normalized two-dimensional color space, wherein
a luminance normalization and a color normalization is carried out.
[0041] According to an even further embodiment of the device for extracting information, the extractor means further
comprises a normalizing means for transferring the data stream into the signal space by normalizing actual luminance
values embedded in the data stream by applying a respective determined combination of primary colors to color-repre-
sentative components of the data stream, and/or by normalizing the color intensity of the data stream by applying
respective temporal mean values of the data stream to actual values of color-representative components thereof.
[0042] According to another even further preferred embodiment of the device for extracting information, the analyzing
means further comprises a filter means for filtering the data stream and for enhancing a signal component at a bandwidth
between 0.2 Hz and 10 Hz, preferably between 0.5 Hz and 3.5 Hz.
[0043] In this way, even further disturbing signal components non-indicative of the desired vital signals can be removed
from the data stream. In this context, it should be mentioned that the luminance normalization step, the color normalization
step and the filtering step can be applied to the data stream either each step alone or in any combination of two or three
steps thereof.
[0044] Furthermore, the converter means is adapted for determining the disturbance-reduced index element by defining
a dataset comprising a set of characteristic index element values derived by the extractor means, and by performing a
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transformation, preferably a substantially orthogonal linear transformation, of the dataset to a coordinate system wherein
a dominant component thereof is aligned with an axis of the coordinate system, and wherein the dominant component
coincides with the disturbance-reduced index element.
[0045] By applying such a statistical analysis to the plurality of characteristics index elements the disturbance-reduced
index element can be determined, even though a lack of input data and given constraints impedes an analytical solution.
Furthermore, the disturbance-reduced index element is determined by minimizing the energy of the projected charac-
teristic index elements over a temporal interval.
[0046] According to a further embodiment, the disturbance-reduced index element is determined by performing a
principal component analysis on the plurality of characteristic index elements or their derivates in a temporal interval,
and by selecting the element resulting therefrom which has the smallest eigenvalue and correlates significantly with the
known predetermined index element as the disturbance-reduced index element.
[0047] In the alternative, it could be further advantageous if a weight function is applied for determining the disturbance-
reduced index element so as to converge the disturbance-reduced index element to the predetermined index element.
[0048] In a further aspect of the present invention an unobtrusive remote monitoring method for extracting information
from detected characteristic signals is presented, comprising the steps:

- receiving a data stream comprising a sequence of image frames derivable from electromagnetic radiation emitted
or reflected by an object, the sequence of image frames comprising a continuous or discrete characteristic signal
including physiological information, the physiological information being representative of at least one at least partially
periodic vital signal, wherein the electromagnetic radiation is detected by a sensor means for detecting electromag-
netic radiation within at least one particular wavelength range selected from the group consisting of visible light,
infrared light, and ultraviolet radiation, wherein the sensor means is connectable to the interface, and wherein the
sensor means is a video camera,

- extracting the physiological information from the data stream by deriving a plurality of characteristic index elements
from the data stream, the plurality of characteristic index elements being indicative of the physiological information
and a disturbing signal component, wherein the plurality of characteristic index elements is associated with a signal
space representative of characteristics of the electromagnetic radiation, the signal space comprising a predetermined
index element having a set orientation indicative of a reference physiological information, the predetermined index
element being at least approximately determinable by an upstream determination of respective reference values,

- converting the plurality of characteristic index elements by projecting them to a disturbance-reduced index element
derived from a given orientation and length of the plurality of characteristic index elements, the disturbance-reduced
index element having a distinct orientation in relation to a presumed orientation of the disturbing signal component,
wherein the disturbance-reduced index element is determined by optimizing an expression with consideration of
the orientation of the predetermined index element, wherein determining the disturbance-reduced index element
comprises defining a dataset comprising a set of characteristic index element values and performing a transformation,
preferably a substantially orthogonal linear transformation, of the dataset to a coordinate system wherein a dominant
component thereof is aligned with an axis of the coordinate system, wherein the dominant component coincides
with the disturbance-reduced index element, and wherein the disturbance-reduced index element is determined by
minimizing the energy of the projected characteristic index elements over a temporal interval.

[0049] Advantageously, the method can be carried out utilizing the device for extracting information of the invention.
[0050] According to an even further aspect of the invention a computer program is presented, the computer program
comprising program code means for causing a computer to carry out the steps of the method for extracting information
of the invention when said computer program is carried out on a computer.
[0051] Preferred embodiments of the invention are defined in the dependent claims. It shall be understood that the
claimed method has similar and/or identical preferred embodiments as the claimed device and as defined in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] These and other aspects of the invention will be apparent from and elucidated with reference to the embodiments
described hereinafter. In the following drawings

Fig. 1 shows a schematic illustration of a general layout of a device in which the present invention can be used,
Fig. 2 shows a sample schematic illustration of a signal space to which a normalization can be applied,
Fig. 3 shows a sample schematic illustration of a normalized signal space in which a predetermined index element
and a disturbance-reduced index element are illustrated,
Fig. 4 shows a further schematic illustration of a normalized signal space comparable with the signal space of Fig. 3,
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Fig. 5 shows an even further schematic illustration of a signal space wherein a plurality of characteristic index
elements is illustrated, and
Fig. 6 shows an illustrative block diagram representing several steps of an embodiment of a method according to
the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0053] Recently, unobtrusive monitoring of vital signs, such as, by way of example, heartbeat, heart rate variability
and respiratory rate, using a sensor, such as a camera, or remote photo-plethysmography devices, has been demon-
strated. Basically, the underlying algorithms track an average signal emitted or reflected by a person or, in general, a
living being, for instance, the color or tone of the skin of the observed object. The captured signal may vary over time
with the blood volume and blood oxygenation. In general, however, this method is susceptible to motion of the object to
be observed or to motion of the sensor with respect to the camera, further to local variations in the signal of interest,
e.g. the skin tone, and illumination level changes and/or spectrum changes which are generally suspected of adversely
affecting the monitoring result. In other words, the signal to be extracted is embedded in a captured signal having a poor,
i.e. reasonably small, signal-to-noise ratio.
[0054] In this context, further measures are proposed to enhance the extraction of the signal of interest from the noise-
containing overall signal by improving the robustness of the embedded vital signal indicative of the vital sign of interest.
When aiming at an analysis of captured sequences of image frames, in general, this can be achieved by normalizing
the average skin-tone in a time-interval, thus eliminating the effect of slow changes in the illumination spectrum and
slow changes in the average skin-tone occurring due to motion. Moreover, the effect of local brightness variations can
be eliminated by an illumination normalization leveling thereby reducing the influence of unsteady ambient lighting
conditions.
[0055] The remaining variations over time of the detected signal, e.g. the skin tone color, under, so to say, normalized
color conditions and normalized local illumination conditions, is assumed to reflect the variation of the vital signal of
interest at least to a considerably extent. When further mapping this preprocessed signal to a signal space which
comprises a predetermined index element, e.g. a so-called heart beat axis, which is supposed to at least approximately
represent the assumed range or orientation of the signal of interest, the preprocessed signal can be projected thereon.
In this way, noise-containing signal components still remaining in the preprocessed signal can be eliminated that are
orthogonal to the predetermined element.
[0056] When taking the approach to assess vital signals by substantially deriving them from skin color changes over
time, it has to be considered that, as a major challenge in this regard, the skin of a living being, in particular a human
being, is a complex optical layer. Substantially, skin is composed of a thin surface layer, the epidermis, and the dermis,
which is a thicker layer placed under the epidermis. Generally, light reflection of the skin takes place at the epidermis
surface where merely a small part, e.g. about approximately 5%, of incident light is reflected. The remaining part of the
incident light is entering the skin where it is absorbed and scattered within the skin layers. In other words, the epidermis
mainly absorbs light; it has the properties of an optical filter, wherein the light is transmitted depending on its wavelength
and the melanin concentration in the epidermis, i.e. the "color" of the skin. Light is further scattered in the dermis and
either remitted as diffuse reflectance or absorbed in the dermis, most likely by blood or hair. The diffusely reflected light
contains the signal since its intensity is temporally modulated by the periodic changes in blood volume fraction. The
absorption is mainly dependent on the content of blood and its ingredients such as hemoglobin, bilirubin, and beta-
carotene. Advantage is taken of these characteristics in that small variations of skin tone details, e.g. due to blood
circulation, can be detected applying image processing methods.
[0057] In this connection, it can be envisaged to carry out a vital signal detection by adopting a sensor means, e.g. a
camera, taking images of an area of the observed object which is assumed to be highly indicative of the desired signal.
By way of example, the cheek of a person can fairly represent blood circulation over time and vital signals related thereto.
To this end, pixel averages of the region of interest can be calculated and analyzed so as to determine at least partially
periodic variations of the signal. The area of interest can be selected manually or by carrying out algorithms addressed
to a detection of highly-representative skin regions.
[0058] It goes without saying that also stored data, e.g. image sequences or video data, already recorded can be
utilized as input data to be analyzed in order to detect the presence of vital signals therein.
[0059] In principle, heart beat detection with a video camera, or remote PPG, can be applied as follows: blood-volume
variations in the skin, due to the heart beat, cause color variations over time of the skin. A respective skin area can be
detected and recorded accordingly. Averaging of selected pixels representative of the skin area in a sequence of image
frames, detecting the averaged signal and tracking it over time can lead to a signal form, i.e. a waveform, from which
the heart beat or, in general, another vital signal can be obtained.
[0060] However, as mentioned above, such a so-called basic system faces the challenge that the heart beat is not
the only cause of variations in the extracted signal. Slight movements of the skin relative to the camera, i.e. the sensor
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means, and temporal illumination changes can be considered the main source of noise that can easily exceed the
amplitude of the pure heart beat signal by orders of magnitude.
[0061] Again, when assessing vital signals by substantially deriving them from skin color changes over time captured
by means of a camera, it can be envisaged that, for a known spectrum of the illumination, a known sensitivity of color
filters in the camera and a known color filtering effect of the skin, it could be feasible to improve the signal-to-noise ratio,
as the color change of interest can be predicted to lie on a known vector in the color space. By projecting the measured
signal on this vector, it is possible to eliminate artifacts that lead to noise orthogonal to this vector.
[0062] When further aiming at an extraction of the heart beat signal from spatially averaged skin-reflected light or
radiation, it is appreciated to eliminate the effect of the time-varying spectrum of the illumination, which can change the
direction of the heart beat signal in the signal space and can be caused, in general, by motion in an environment with
spectrally different light sources, or motion relative to colored reflecting surfaces.
[0063] Furthermore, an elimination of the space-varying effect of the local skin-tone can be desirable, which can result
from the fact that not always the same skin-tone positions are averaged, again possibly induced by motion and a somehow
imperfect skin-tone detection.
[0064] Addressing the time-varying spectrum of the illumination, it can be envisaged to transform the signal space
used by the sensor means, e.g. the color space, to a normalized signal space in which relatively slow color changes
that are, in principle, not of interest have no effect. A further step to be carried out either subsequently to, prior to, or
along with the luminance normalization, is based on the insight, that complex motion of the object to be observed, and/or
of the camera with respect to the object, renders it difficult, or even impossible, to track the location of a pixel area of
interest. Since a greater area of skin-pixels exhibits the color variation due to heart beat and/or blood oxygenation it
could be advantageous to track merely the changes in the average value of the skin-pixels of a so-called pattern having
a variable composition due to motion and so on. To this end, while motion itself may cause brightness variations, it is
further proposed to normalize the brightness of individual skin-pixels prior to averaging them.
[0065] Again, needless to say that the order of the two steps can be selected at will and both options contribute to an
improved signal-to-noise ratio.
[0066] The vital signal extraction from the temporal variations of the average normalized skin pixels can be further
enhanced by projecting the detected signal on an at least approximately fixed predetermined index element, e.g. an
empirically determined heart beat vector, and by applying a band-pass filtering to the extracted signal form. Such post-
processing takes advantage of the fact that the frequency of the vital signals of interest lies generally within a known
frequency range.
[0067] A further advantage of the two normalization steps is that the resulting skin-tone pixels eventually should
resemble each other to a great extent, i.e. outliers, e.g. based on non-human artifacts, remaining in the signal form, e.g.
due to inaccurate initial skin-tone detection, can be easily detected and eliminated.
[0068] It should be noted that throughout this document vectors and matrixes are not necessarily denoted by separate
vector arrows in the continuous text part. In particular, it is understood that the person skilled in the art is aware of
whether a scalar value or a vector value is recited.
[0069] By way of example, blood volume changes in the skin of living beings, e.g. due to heart beat, can be assumed
to cause color changes in electromagnetic radiation reflected or emitted by the skin. Obviously, it is apparent, that
reflected light can be utilized to derive the input data of interest therefrom. When viewed with a multi-spectrum camera,
e.g. sensitive in the range of RGB or similar color spaces, or, in general, signal spaces, the registered color change Hc
at a position x and at time t,

is influenced by the spectrum of the illumination source
Il(t) = [Rl(t) Gl(t) Bl(t)]T, the primary color filters Fc(t) = [Frc(t) Fgc(t) Fbc(t)]T of the camera and the local color of the skin

covering the changing blood volume Fs(x) = [Frs(x) Fgs(x) Fbs(x)]T. It can be further assumed that the spectrum of the

illumination Il does not substantially vary in a spatial sense, and the local skin-tone Fs does not temporally vary, except

for the desired vital signal.
[0070] Since the detected color change Hc due to varying vital signals, in the present example, more accurately, the
blood volume, is influenced and to some extent affected by both the local skin-tone and the time-varying illumination
spectrum Il, a multiplicative process has to be addressed to. Hence, it is appreciated if some normalization measures
are applied for the sake of simplicity.
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[0071] To this end, in a first step, the color space can be normalized by dividing the instantaneous spectral components,
e.g., RGB-components, of the color vector Ic by corresponding time-averages of the red, green and blue values, e.g.,
in case RGB or a similar signal space is applied: 

wherein, considering the present sample determination, Rc(t), Gc(t), and Bc(t) correspond to the mean red, mean green,

and mean blue values, respectively, in a region of interest, e.g. a pattern of skin pixels, X over time t:

wherein |X| corresponds to the area of this region of interest X. The color change Hn(x, t) in this normalized color space
due to the vital signal of interest, e.g. the heartbeat, can be determined as follows: 

insofar the color change Hn(x, t) is not affected by a time-varying spectrum of the illumination.
[0072] In a time-discrete system which can be denoted by an additional subscript d in the expressions, wherein t can
take the following values t = 0, 1, 2,...,n, and x corresponds to a pixel position, the color normalization eventually could
read as follows: 

wherein Rc,d(x, t), Gc,d(x, t), and Bc,d(x, t) correspond to the red, green, and blue values of pixel x in time t, e.g. represented

by respective image frames. The values Rc,d(t), Gc,d(t), and Bc,d(t) correspond to the mean red, mean green, and mean

blue values of the respective summarized pattern, namely the region of interest in frame t, respectively. Further, the
color change Hn,d(x, t) in this normalized color-space due to the heart beat can be approximated by: 

[0073] The exemplified step can cause a normalized, neutral, e.g. gray, color for the skin tone pixels, which can be
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considered being generally independent of the illumination source spectrum slowly varying compared with the heart
beat, and of the filtering of the blood volume changes by the skin, i.e. of the filtering of the changes of reflected light
induced by the blood volume changes. Consequently, the vital signal of interest can be, so to say, enhanced in relation
to the remaining noise-containing overall signal. In this context, is should be noted that the respective divisions applied
to RGB values outlined above can be replaced by subtractions when converting RGB values into a logRGB signal space.
[0074] In a further step, that may follow or precede the above step, the illumination level can be normalized so as to
eliminate changes thereof that may be caused, in general, by motion of the object to be observed and/or of the camera,
or by overall changes in illumination conditions. By way of example, the illumination level, for a given skin tone pixel,
may change from one image to the next due to motion. Further, the local transmittance, reflectivity and absorption, or,
in general, optical properties, of the skin may vary for several reasons. Since, again due to motion effects, not always
the same skin pixels can be drawn for creating the pattern the average value determination is based upon, it would be
very advantageous to eliminate these local illumination differences.
[0075] To normalize the amplitude, i.e. to become independent of varying local brightness levels and local transmission
grades of the skin, it is envisaged to divide the local pixel values by a linear combination of their RGB-components: 

[0076] In this way, the effect of capturing different skin pixels, and of capturing differently illuminated skin pixels in
different subsequent image frames can be reduced to a large extent. To this end, it can be assumed that all primary
colors are affected with the same percentage by the differences named above. Therefore, every linear combination of
R, G, and B can be used and can lead to an improved result. In theory, the optimal choice of α, β, and γ can be considered
a combination thereof that causes the resulting normalized pixels to lie in a plane parallel to the heart beat vector in the
normalized color space. In practice, indeed, also other combinations can be applied, though leading to a somehow
reduced amplitude of the heart beat signal, compared with the optimal linear combination, but, in general, there is no
substantially adverse value for α, β, and γ.
[0077] Another further contribution to improve the robustness of the signal extraction by enhancing the signal-to-noise
ratio is based on the fact that in the normalized signal space, e.g. a color space, such as the RGB color space, the
variation of captured signals due to heart beat and/or blood oxygenation, namely the color variations, are somehow
associated with a curve, e.g. a line or axis, in the utilized signal space. In other words, it can be assumed that, in general,
the signal of interest is represented by a pulsation between two points along a curve or line indicative of the desired
wave form of the signal of interest. This curve or line can be designated as a so-called heart beat line or axis which can
be, at least approximately, predetermined by empirical studies and/or analytical methods.
[0078] Preferably, the captured and preprocessed signals can be projected to the heart beat line or axis thereby
eliminating noise which is orientated orthogonal to this line. In case the signal space is normalized, in particular when
the remaining signal space is a two-dimensional signal space, also the predetermined curve or line can be transferred
into the resulting normalized signal space, e.g. into a plane. In this context, it would be further advantageous to apply a
luminance normalization to the signal space of interest taking into account the given orientation of the predetermined
index element so as to arrive at a normalized signal space which is aligned with the predetermined index element, at
least to a certain extent. In this manner, the projection to be applied to the predetermined index element can be carried
out avoiding a considerable loss of signal, e.g. an excessive compression due to a large angle between the original
predetermined index element and the resulting predetermined index element transferred to the normalized signal space.
[0079] According to another embodiment, it is envisaged to apply the two normalization steps, and subsequently, the
projection step to the captured data comprising the vital signal of interest. In a further preferred embodiment, subsequent
post-processing steps can be applied to the signal obtained from the input data comprising, by way of example, band
pass filtering and/or Fourier domain analysis so as to arrive at a precise determination of an enhanced and distinct output
signal, e.g. at a waveform indicative of a desired heart rate or frequency.
[0080] However, when projecting the vital sign indicative signal, whether normalized or not, to the predetermined index
element, e.g. the so-called heart beat axis, mainly noise-containing signal components orientated orthogonal to said
predetermined index element can be eliminated. Still, however, noise-containing signal components at least partially
orientated parallel to or aligned with the predetermined index element remain in the signal. As mentioned above, when
assessing vital signals embedded in captured data derivable from electromagnetic radiation emitted or reflected by an
object, it can be expected that noise-indicative components are substantially larger than further components thereof
indicative of vital signals. Therefore, even when applying the projection directed to the predetermined index element to
the respective signal, the resulting processed improved signal, though having an improved signal-to-noise ratio, is
probably still furnished with a main component primarily indicative of noise.
[0081] It would be further advantageous to modify the projection in a way as to further improve the signal-to-noise
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ration in that also noise-containing signal components that are not orientated orthogonal the predetermined index element
they were to be initially projected to can be eliminated or at least reduced to a certain extent.
[0082] In this context, a refinement can be envisaged which is directed to the projection of the characteristic index
elements to the disturbance-reduced index element. In the event that the distortion, i.e. the noise-containing signal
component, is not orthogonal to the predetermined index element, e.g. the known heart beat line or axis, the signal-to-
noise ratio can be even further improved when projecting the characteristic index elements to a so-called disturbance-
reduced index element arranged in an orientation at least approximately orthogonal to a main orientation of the distortion.
In this way, in practice, the named distortion can be reduced while, at the same time, the signal of interest, the physiological
information, if at all, is merely compressed or stretched, i.e. has a reduced or enlarged amplitude, in case the distortion
is somehow orientated parallel to the heart beat axis. Moreover, when the angle between the predetermined index
element and the disturbance-reduced index element is known, the amplitude loss can be determined and corrected.
[0083] In other words, this refinement is based on the insight that, when projecting the characteristic index elements
to the disturbance-reduced index element rather than to the predetermined index element which is indicative of the
orientation of the signal of interest the distortion can disappear to a great extent while the resulting signal relating to
physiological information merely will undergo some amplitude loss or change that can even be corrected for.
[0084] In this context, referring to Fig. 1, a device for extracting information is illustrated and denoted by a reference
numeral 10. The device 10 can be utilized for recording image frames representing an object 11. The image frames can
be derived from electromagnetic radiation 14 emitted or reflected by the object 11. The object 11 can be a human being
or animal, or, in general, a living being. For extracting information from the recorded data, e.g. a sequence of image
frames, a defined part or portion of the object 11 can be detected by a sensor means 16. The sensor means 16 can be
embodied, by way of example, by a camera adapted to capture information belonging to at least a spectral component
of the electromagnetic radiation 14. It goes without saying that the device 10 also can be adapted to process input
signals, namely an input data stream, already recorded in advance and, in the meantime, stored or buffered. As indicated
above, the electromagnetic radiation 14 can contain a continuous or discrete characteristic signal 13 which can be highly
indicative of at least one at least partially periodic vital signal 12. In Fig. 1 the vital signal 12 may allow several conclusions
concerning heart rate, heart rate variability, or even respiratory rate.
[0085] Existing methods for obtaining such vital signals may comprise tactile heart rate monitoring or electrocardiog-
raphy, for instance. To this end, however, obtrusive monitoring was required. As indicated above, an alternate approach
is directed to unobtrusive remote measuring utilizing image processing methods.
[0086] The continuous or discrete characteristic signal 13 can be delivered from the sensor means 16 to an interface
18. Needless to say, also a buffer means could be interposed between the sensor means 16 and the interface 18.
Downstream of the interface 18 an extractor means 20 is provided which is adapted to extract the desired physiological
information (still embedded in the characteristic index elements) from the continuous or discrete characteristic signal
13. Further, a converter means 22 may follow which is adapted for processing the physiological information derived by
the extractor means 20. The preprocessed signal extracted by the extractor means 20 still can comprise large noise-
indicative components. In this connection, the converter means 22 can be applied for isolating and enhancing the desired
signal component indicative of the vital signal 12 of interest from the overall signal delivered thereto.
[0087] Having extracted an enhanced signal component further post processing of data can be carried out by an
analyzing means 24. To this end, the post processing can comprise bandwidth filtering and/or Fourier analysis. Further
post processing measures can be envisaged contributing to an even further improved detection of the desired signal of
interest, e.g. of a dominant heart beat indicative frequency peak in the continuous or discrete characteristic signal 13.
[0088] The extractor means 20, the converter means 22, and the analyzing means 24 can be jointly embodied by a
common processing unit 26, e.g. a central processing unit having a single processor or multiple processors. Also the
interface 18 can be connected thereto in a common processing device 28 housing the respective subcomponents. By
way of example, the processing device 28 can be embodied by a personal computer driven by respective logic commands.
In case the sensor means 16 is also jointly connected to the interface 18 by means of hardware, a capturing unit 30 may
house the respective subcomponents.
[0089] However, in the alternative, it can be envisaged to combine a separate sensor means 16 with the processing
device 28. This connection can be established by means of cable links or by means of wireless links. In place of the
sensor means 16 also a storage means comprising prerecorded data could be connected to the processing device 28.
[0090] As indicated above, the extractor means 20 can be further adapted to carry out some preprocessing of the
received data so as to already enhance the signal-to-noise ratio in preparation for subsequent analyses addressed to
the desired vital signals. A possible preprocessing step may be a luminance normalization resulting in a signal space
somehow simplified in view of the number of represented dimensions, or, so to say, the number of spectral components
or spectral variety. By way of example, the resulting signal space can be referred to as a chromaticity plane. In this
connection, Fig. 2 depicts a sample signal space 36 to which a luminance normalization is applied. The basic signal
space 36 is indicative of three main spectral components 38, 40 and 42, e.g., when the RGB space is utilized, a red,
green and blue component of the visible spectrum.
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[0091] It should be understood that, when the signal of interest is a signal varying over time, i.e., in the end, the at
least one at least partially periodic vital signal 12, difference values rather than absolute values are to be considered for
assessing vital information embedded in the captured signals. By way of example, when aiming at an extraction of the
heart rate or suchlike from visible radiation reflected by the object 11, a plurality of characteristic index elements 50
associated with a color space, i.e. the signal space 36, can be drawn from the captured signals, i.e. the image sequence.
Each of the characteristic index elements 50 can represent an ’actual’ difference value, as mainly the signal components
varying due to the variation of the at least one at least partially periodic vital signal 12 are of interest. To this end, each
of the characteristic index elements 50 can represent a color change in the color space determined between two distinct
of even successive points in time; in this regard, also refer to Equation (6).
[0092] Thus, it should be noted that, in principle, the signal space 36 may also comprise further quadrants or half-
spaces indicative of negative values of the spectral components 38, 40 and 42. As difference values are represented
in the signal space 36 also negative values can occur. Needless to say, when difference values are considered, each
of the plurality of characteristic index elements 50 originates from the point of origin, also refer to Fig. 5. By applying a
luminance normalization (ref. Equation (7)) a subspace can be determined in the signal space 36. In Fig. 2 the chromaticity
plane or normalized signal space is indicated by a reference numeral 44. By means of the luminance normalization the
respective signal components can be transferred to the chromaticity plane or normalized signal space 44, thereby
enabling a simplified analysis thereof.
[0093] Further referring to Fig. 3, Fig. 4 and Fig. 5 wherein the chromaticity plane or normalized signal space 44 is
illustrated more detailed in plan view, it can be understood that the dimensionality of the problem underlying the desired
extraction of vital signals from the captured data can be reduced by the normalization measures. In other words, referring
again to the fact that each of the characteristic index elements 50 can be considered a vector quantity, the number of
vector row values required for specifying the vectors can be reduced to a great extent.
[0094] Fig. 2 further displays a predetermined index element 46 which can be considered, for instance, a so-called
heart beat axis which is assumed to represent a set orientation of the expected vital signal in the signal space 36.
Preferably, also the predetermined index element 46 is transferred to the chromaticity plane or normalized signal space
44. As indicated above, it can be envisaged to project the characteristic index element 50 to the predetermined index
element 46, thereby arriving at a signal component 56, ref. Fig. 3 and Fig. 4. However, this component, also referred to
as noise-containing signal 56, still comprises components indicative of noise in that the projection applied to the char-
acteristic index element 50 merely eliminates noise that is orthogonal to the predetermined index element 46. Further,
the physiological information which is highly representative of the at least one at least partially periodic vital signal 12 is
denoted by reference numeral 48. The physiological information 48 is assumed to coincide with the predetermined index
element 46.
[0095] According to the approach outlined above, it would be further advantageous to define a further index element,
the so-called disturbance-reduced index element 64, having an orientation derived from the main orientation of the
disturbing noise components overlaying the desired signals in the data stream.
[0096] However, the determination of this desired line or axis provides a further challenge. Basically, the characteristic
index elements 50 could be projected to the predetermined index element 46 or to further alternative elements, e.g. any
desired axis in the signal space 36. When applying a projection to alternative elements deviating from the predetermined
index element 46, some amplitude loss of the signal of interest, the physiological information 48, has to be expected.
However, as mentioned above, the loss of amplitude can be corrected for by applying a conversion factor considering
the different orientation of both elements.
[0097] Fig. 3, Fig. 4 and Fig. 5 illustrate the proposed approach to the drawback outlined above. Each figure depicts
a normalized signal space 36’ embodied by the chromaticity plane or normalized signal space 44. Referring to Fig. 3 a
sample embodiment, namely the detection of heart rate signals in image frames is exemplified. A vector d corresponds
to a color difference vector only induced by the heartbeat, or, so to say, to the desired physiological information 48. A
vector v corresponds to a color difference due to the distortion or noise; the vector v also can be referred to as a disturbing
signal component which is denoted by a reference numeral 56. A vector s corresponds to the captured and extracted
characteristic index element 50 which can be considered a composition of the vectors d and v or, respectively, the
disturbing signal component 56 and the desired physiological information 48. In Fig. 3 it is assumed that the distortion
is somehow augmented to the desired signal. Needless to say, in principle, any linear combination of vectors in the
normalized signal space 36’ could be presumed. Further, a vector q corresponds to the so-called heart beat axis, namely
the predetermined index element 46 which can be empirically determined, at least approximately. When simply projecting
the measured vector s on the so-called heart beat axis q, a vector sq can be obtained which corresponds to the noise-
containing signal 56 which still contains noise components orientated parallel to the heart beat axis q.
[0098] In other words, the vector sq, the noise-containing signal 56, still contains a part of an undesired distortion
vector v. The distortion vector v corresponds to the so-called disturbing signal component 58 which is generally unknown
and, hence, cannot be utilized for an immediate derivation of the desired physiological information 48 therefrom. The
characteristic index element 50 can be considered a linear combination of the disturbing signal component 58 and the
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desired physiological information 48; in this regard, it is also referred to a parallel translation denoted by 48’. In the initial
state, however, merely the orientation and length of the characterized index element 50 and the overall orientation of
the predetermined index element 46 enabling an approximate understanding of the general orientation of the physiological
information 48 are known.
[0099] In contrast, when, however, a projection to the fairly unknown vector z which is supposed to be approximately
orthogonal to the distortion vector v could be applied to the vector s, a vector dz could be obtained. The vector z
corresponds to a so-called disturbance-reduced index element denoted by a reference numeral 64 while vector dz
corresponds to a projected index element denoted by a reference numeral 66. Basically, the vector dz does not contain
noise-containing components worth mentioning. The length of the vector dz is proportional to the length of the heart beat
difference vector d and therefore highly indicative of the desired vital signal. The vector z can be considered a ’dynamic’
heart beat axis the orientation of which varies over time according to the variations of the vector v, namely the disturbing
signal component 58.
[0100] The determination of the vector z, the disturbance-reduced index element 64, establishes a major challenge
as the orientation of the vector v to which the vector z should be orthogonal is fairly unknown. To this end, statistical
methods can be utilized for analyzing a plurality of vectors s derived from a sequence captured over time, the so-called
plurality of characteristic index elements 50. Such a plurality of characteristic index elements is illustrated in Fig. 5 and
denoted by reference numerals 50, 50’ and 50".
[0101] For the sake of completeness, again referring to Fig. 3 and Fig. 4, further elements are presented. A projection
line indicting the projection of the characteristic index element 50 to the predetermined index element 46 leading to the
signal component 56 is denoted by reference numeral 52. It goes without saying, that the predetermined index element
46 and the projection line 52 form a right angle 54.
[0102] Basically, the same applies to the projection line 60 indicating the projection of the characteristic index element
50 to the disturbance-reduced index element 64 both of which forming a basically right angle 62. The projection line 60
is basically parallel to the disturbing signal component 58. Therefore, also the disturbing signal component 58 and the
disturbance-reduced index element 64 form a basically right angle 68. However, as presented in the following, in case
’merely’ an approximate determination of the disturbance-reduced index element 64 can be carried out which may be
even based on a plurality of characteristic index elements probably having a different length and orientation, it should
be noted that the angle 68 can be considered a merely approximately right angle 68.
[0103] In case the signal space 36 is a normalized signal space 36’ represented by a two-dimensional ’difference’
color space, at least two characteristic index elements 50 are required for an approximate determination of the distur-
bance-reduced index element 64. When, however, the signal space 36 is represented by a three-dimensional ’difference’
color space, at least three characteristic index elements 50 are required. As each of the characteristic index elements
50 may be different from its precursor and/or its successor due to variations of the overall signal, the proposed approach
cannot be directed to determine a disturbance-reduced index element 64 which is exactly orthogonal to each of the
extracted characterized index elements 50 at the same time.
[0104] In contrast, assuming that the disturbing signal components 58 are considerably large compared to the desired
physiological information 48, it can be envisaged to determine the disturbance-reduced index element 64 in a way so
as to obtain a ’reference axis’ which is at least to some extent correlated with the predetermined index element 46.
Further, the determination can be further directed to minimize the energy of the characteristic index elements 50 when
projected on the disturbance-reduced index element 64, namely the projected index elements 66.
[0105] In doing so, the influence of the distortion in the obtained projected index element 66 is clearly limited. However,
since the determined disturbance-reduced index element 64 is correlated with the ’original’ predetermined index element
46, the obtained signal derivable from the pulsation of the projected index elements 66 over time is still highly indicative
of the desired vital signal, e.g. the heart rate. Again, needless to say that the obtained projected index elements 66 can
be scaled in case the vector z they are projected to does not coincide with the ’original’ vector q, i.e. the predetermined
index element 46. In this connection, it should be noted that, in case the disturbance-reduced index element 64, cf. the
vector z, varies over time, it is preferred if also time-variant scale factors are to be applied.
[0106] In the following sample derivations of the desired elements are depicted in terms of mathematical symbols
rather than reference numerals, which were also used in the above to denote respective elements. However, for the
sake of visualization, also Fig. 3, Fig. 4 and Fig. 5 can be referred to, wherein Fig. 3 provides some ’translation’ of the
elements.
[0107] By way of example, it can be envisaged to stack a plurality, denoted by N, difference row vectors sT, cf. the
characteristic index elements 50, into an N 3 2 matrix S, when referring to the two-dimensional case.. In order to find
the vector z with, by way of example, a length one that minimizes the energy of the projected difference vectors Sz, the
expression iSzi2 = (Sz)TSz = zT(STS)z can be considered.

[0108] Throughout this document, the (Euclidean) length of a vector  x = [x0,...,xN-1]T where T denotes
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transposition can be denoted by 

[0109] The vector z that minimizes the expression provided above can be determined by methods of multivariate
statistics, such as, by way of example, by utilizing principle component analysis. Eventually the vector z which can be
supposed to be chosen equals an eigenvector of the matrix sTs which is associated with the smallest eigenvalue. In
case the detected vector z is not orthogonal to the heart beat axis q, a solution is achieved. Otherwise, in a stepwise
process, the eigenvector of sTs associated with the next smallest eigenvalue can be considered, and so forth.
[0110] This approach may be further improved by applying a threshold to the detected eigenvalue as to detect solutions
wherein the detected vector z is close to orthogonal to the heart beat axis q. In this connection, the refinement addresses
a possible drawback that might lead to a considerably large scale factor to be applied to the vector dz in case a correction
for the loss of amplitude related thereto is desired. In general, the scale factor can be equal to 〈z, q〉-1, which directly
follows from 〈z, q〉 = iziiqi cos ϕ = cos ϕ. Basically, a remedy would be to apply the threshold. In case the actual eigenvalue
is smaller than this threshold, the respective eigenvector can be discarded and the remaining eigenvectors are to be
considered.
[0111] However, it would be further advantageous to avoid the threshold. In fact, when considering, by way of example,
a two-dimensional case, the eigenvector close to orthogonal to the heart beat axis q can be considered the optimal
value, if the distortions are very small, or if the distortions are mainly orientated along the heart beat axis q. In that case,
a vector highly correlated with the heart beat axis q can be considered a good choice, since a differentiation between
the desired signal, e.g. the heartbeat, and the noise-containing distortion components v on the heart beat axis q is difficult.
[0112] A further challenge could derive from the fact that the presented eigenvector approach most likely does not
provide a closed-form solution. The optimal vector z is selected from a collection of eigenvectors depending on the
associated eigenvalues and the correlation with the heart beat axis q.
[0113] An alternative approach for the detection of the optimal vector z, denoted by z throughout this document, will
be proposed in the following. As indicated above, it would be preferred if a closed-form solution could be detected which,
further preferred, comprised the tendency to highly correlate with the heart beat axis q.
[0114] Basically, such a solution could be achieved by applying a weight function 〈z, q〉-1 to the projected differences
Sz. This weight function can be defined in a way as to become large when the vector z approaches an orientation fairly
orthogonal to the heart beat axis q. Eventually, a solution can be achieved being provided with the tendency to keep
away from this state. It goes without saying that other weight functions that look similar can be used. By way of example,
the weight functions 1+c(1-〈z,q〉2)/〈z,q〉 and π2/(π2 - 4c arccos2 〈z, q〉) with c a positive constant can be used as well. To
sum it up, it would be desirable to find the vector z with length one that minimizes i〈z,q〉-1Szi2.
[0115] In the following, it will be demonstrated in detail that the resulting minimum has a closed-form solution that
basically reads z = i(STS)-1qi-1(STS)-1q. The respective sample derivations relate to the two-dimensional and three-
dimensional case. Again, it should be noted that, e.g. when considering luminance normalization or similar preprocessing,
the signal space to which the analysis is applied may comprise two, three, or even further dimensions. A further assumption
can be made in that the inverse of the matrix STS always exists. This condition is fulfilled as long as the difference vectors
s of interest span the complete signal space under consideration, i.e. the vectors also comprise components in two,
three, or even further dimensions.
[0116] By utilizing this approach, an optimal vector z can be determined which does not significantly deviate from the
optimal vector found by the eigenvector approach if the angle between this vector z and the heart beat axis q remains
considerably small. In this event the weight function would be close to one leading to the term i〈z,q〉-1Szi2≈iSzi2.
[0117] However, deviation between the two approaches can be expected when the mentioned angle, cf. the angle ϕ
in Fig. 3 denoted by a reference numeral 70, becomes larger, in particular when it approaches 90° (degrees). In that
case also the optimal vector z determined by applying the proposed approach becomes orthogonal to the heart beat
vector q. Nevertheless, in practice, this is very unlikely to happen, since always some distortion has to be expected.
[0118] In a further advanced embodiment, it can be envisaged that, by applying Parseval’s energy theorem, the
optimization can be refined in a Fourier domain. In this way, desired frequency bands that are highly indicative of the
vital signal of interest can be selected during the optimization.
[0119] According to an event further refinement a band pass filtering can be applied to the obtained signal form. To
this end, preferably, the frequency bands corresponding to the heart beat range are selected or, at least, enhanced. By
way of example, the frequency range of interest can comprise a range from 40 BPM (beats per minute) to 210 BPM. In
this way, the optimal vector z is not influenced by noise outside this range of interest.
[0120] According to an embodiment, a two-dimensional solution is derived in the following. In the two-dimensional
case, the optimal vector z basically reads 

^

^

^

^

^

^
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 wherein the vector q, considering iqi = 1, corresponds to the (empirically found) heart beat axis q. Further, the N 3 2
matrix S comprises rows corresponding to mean differences (e.g. embodied by a plurality of vectors v) in the signal
space, e.g. the chromaticity plane.
[0121] The equation can be rewritten in matrix form: 

[0122] In this equation, the matrix STS can be considered a symmetric positive (semi)definite matrix, and can be
expressed as STS = EDET, wherein the columns of the matrix E correspond to the eigenvectors, and the diagonal
elements of the diagonal matrix D correspond to the eigenvalues of the matrix STS:

[0123] By using the unitary property of the matrix E, i.e. E-1 = ET, the following can be noted: 

[0124] Further, substitutions y = ETz and v = ETq can be applied that yield an intermediate result that reads 

[0125] It should be noted that iyi=iETzi=||zi=1 and ivi=iETqi=iqi=1, since the matrix E is unitary. For convenience,
the following notation can be used 

wherein λ0 and λ1 are the eigenvalues of the matrix STS. Further looking for a solution of the vector y on the unit circle
the vector y can be therefore written in terms of polar coordinates, i.e. y0 = cos ϕ and y1 = sin ϕ. By using the notation
(9) and polar coordinates, the intermediate result (8) in terms of the angle ϕ reads 

[0126] For detecting the minimum value of this expression C(ϕ) for a given vector v and eigenvalues λ0 and λ1, the
first derivative of this expression with respect to the angle ϕ can be calculated:
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[0127] Setting this first derivative equal to zero, the solution follows from 

provided that 

[0128] It can directly follow that the angle ϕ = ϕs while tan ϕs = λ0v1/λ1v0 is a solution, and, as a consequence, the
optimal vectors y and z read 

[0129] It should be noted that 

since the eigenvalues λ0≥0 and λ1≥0.
[0130] A further consideration has to be carried out in case both eigenvalues equal zero, if the eigenvalue λ0 = 0 and
v0 = 0, or if the eigenvalue λ1 = 0 and v1 = 0.
[0131] Both eigenvalues equal to zero, can only be a result if the matrix S contains only zeros, or, equivalently, if all
differences are zero. In practice, this most likely will never happen.
[0132] The second or the third case, is about to happen when all differences in the matrix S coincide with or are
orthogonal to the heart beat axis q. In this case, the eigenvector associated with the largest eigenvalue coincides with
the heart beat axis q, and the eigenvector associated with the zero eigenvalue is orthogonal to the heart beat axis q, or
vice versa. For these two cases the intermediate result (10) equals a constant for all angles ϕ, and there exists no
minimum. In other words, all vectors z on the unit circle are equally correct. In this case, it is fairly unclear which vector
is obtained in the limit. However, in practice, one eigenvalue which is equal to zero is not likely to happen, due to the
inevitable noise in the difference vectors s.
[0133] Further consideration of the optimal vector z [see equations (9) and (12)], and using the expression of the
inverse of the matrix ST S

with 

reveals that 

^ ^

^
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provided that all eigenvalues are larger than zero, i.e. the inverse of the matrix ST S exists. As a consequence, the
optimal vector z can be computed without the computation of the eigenvectors and eigenvalues of the matrix ST S.
[0134] Noted that 

for all possible heart beat axes q, since (ST S)-1 is a positive definite matrix. Or, in other words, the vector z is always
directed in the positive direction of the heart beat axis q. Moreover, the minimum for the optimal vector z equals 

[0135] And finally, by using Parseval’s energy theorem arriving at 

with F the unitary N 3 N Fourier matrix, i.e. F-1 = F*. Or, in other words, optimizing in the Fourier domain yields the same
optimal vector z.
[0136] This observation leads to an optimization refinement in that the frequency bins of the Fourier transformed
columns of the matrix FS can be selected in the range of interest, e.g. the frequency bins corresponding to the heart
beat range from, by way of example, 40 BPM to 210 BPM. In this way, the optimum is not influenced by the noise in the
frequency bins outside the range of interest.
[0137] Or, expressed more formally, the matrix FS can be multiplied with an N 3 N selection matrix R which is a
diagonal matrix with zeros and ones on the diagonal in order to arrive at the optimal vector z:

with S = RF S.
[0138] Eventually the optimal vector becomes

where S* corresponds to the Hermitian transposed matrix S. This expression should be emphasized and can be con-
sidered a preferred elegant embodiment which is, moreover, fairly simple to implement to the device or the method of
the invention.
[0139] According to an alternative embodiment, in the following a three-dimensional solution is derived. In the three-
dimensional case, the optimal vector z of interest reads

^

^

^

^

ˇ

~

^
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wherein the vector q, with iqi = 1, and the N 3 3 matrix S the rows of which correspond to the mean differences in the
signal space, e.g. in a RGB color space or even in a logarithmic log RGB domain.
[0140] The derivation of the intermediate result is similar to the derivation of the intermediate result in the two-dimen-
sional case [see Equation (8)]: 

[0141] However, in the three-dimensional case, the columns of the matrix E contain the three eigenvectors, and the
diagonal elements of the diagonal matrix D correspond to the three eigenvalues of the 3 3 3 matrix STS.
[0142] Now the following notation is utilized [cf. Equation (9)] 

wherein λ0, λ1 and λ2 represent the eigenvalues of the matrix STS. Also in this case, polar coordinates, especially
spherical polar coordinates, of the vector y can be considered, i.e. y0 = cos θ sin ϕ, y1 = sin θ sin ϕ and y2 = cos ϕ. The
intermediate result (13) can be expressed in terms of these polar coordinates 

[0143] Further, to determine the minimum of this expression, the first derivatives with respect to the angles ϕ and θ
can be calculated 

wherein 

and 

wherein 
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and 

[0144] In the first instance, the derivative with respect to ϕ can be considered in more detail. Setting this first derivative
equal to zero, the solution follows from 

provided that 

[0145] It directly follows that the angle ϕ = ϕs with tan ϕs = c1,θ/c0,θ is a solution. Substituting this solution ϕ = ϕs into
the first derivative with respect to θ [see Equation (16)] and by using 

the following equation can be obtained 

[0146] Dividing by -2 c1,θ and further assuming that c1,θ ≠ 0 it follows that 

[0147] Substituting the values for c0, θ and c1, θ [see Equation (15)] and rearranging the expression yield 

wherein 

[0148] From Equation (18), it follows that basically two solutions can be obtained

1. λ0v1cosθ-λ1v0 sinθ = 0;
2. e0 + e1 cos 2θ + e2 sin 2θ = 0,

or the eigenvalue λ2 = 0, but this case will be considered below.
[0149] The first solution can be elaborated, considering the assumptions made (<y, v> ≠ 0 and c1,θ ≠ 0). Finally, it can
be demonstrated that, in general, in practice, the second equation does not yield a solution with real numbers.
[0150] A solution for the first expression is θ = θs with tan θs = λ0v1/λ1v0. For this angle θs, the following identities can
be utilized 
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and 

from which it follows that the coefficients c0,θs and c1,θs become [see Equation (15)] 

and 

[0151] Further, these expressions can be used for the coefficients c0,θs and c1,θs, and by using the identities in (17),
the optimal vectors y and z for the three-dimensional case can be obtained [cf. with the solution in the two-dimensional
case in Equation (12)] 

wherein D = det(D)D-1. Also in this case 

applies, since the eigenvalues λ0 ≥ 0, λ1 ≥ 0 and λ2 ≥ 0.
[0152] In this connection, problems can be expected when all the eigenvalues are zero, when λ0 = v0 = 0, λ1 = v1 =
0, or when λ2 = v2 = 0. However, this is unlikely to occur in practice.
[0153] Further, it will be demonstrated that the second equation e0 +e1 cos 2θ +e2 sin 2θ = 0 does not yield a solution
with real numbers in practice. Rewriting this expression in 

wherein arctan2 corresponds to the four quadrant inverse tangent, directly yields the solution 

^ ^

^



EP 2 661 219 B1

21

5

10

15

20

25

30

35

40

45

50

55

wherein k is an integer. However, if  or equivalently, if  then this results in
a solution with a complex angle. Using the expressions for e0, e1 and e2 in (12), we arrive at 

which is always smaller than zero, except for when at least two eigenvalues are zero, or when v2 = 0. However, as stated
above, at least two eigenvalues equal to zero is unlikely to happen.
[0154] The second case, v2 = 0, cannot occur. The equality v2 = 0 means that <E2, ETq> = 0, wherein E2 corresponds
to the eigenvector in the third column of the matrix E, or equivalently, <EE2, q>. However, this expression is equal to q2
≠ 0. Thus, if a heart beat component q2 in the direction of the luminance changes exists, v2 = 0 never occurs.
[0155] And finally, similar to the two-dimensional case, a closed-form solution for the optimal vector z reads 

[0156] Wherein the optimal vector z is always directed in the positive direction of the heart beat axis q

and wherein the minimum for the optimal vector z equals 

[0157] Finally, the optimal vector z obtained after a frequency bins selection becomes 

[0158] Also this expression should be emphasized and can be considered a preferred elegant embodiment which is,
moreover, fairly simple to implement to the device or the method of the invention.
[0159] Having demonstrated several alternative sample approaches covered by the invention, Fig. 6 is referred to,
schematically illustrating a method for extracting information from characteristic signals.
[0160] Initially, in a step 84 an input data stream 76a, 76b, 76c is received. The data stream 76a, 76b, 76c can be
delivered from a sensor means 16 or a data buffer or storage means. The data stream 76a, 76b, 76c can be embodied,
by way of example, by a sequence of image frames varying over time t.
[0161] In a subsequent step 86 signals of interest derived from the input data stream 76a, 76b, 76c can be processed
and transferred to signal spaces thereby creating the preprocessed data stream 78a, 78b, 78c.The processing related
thereto can comprise the detection of an area of interest of an object from which the input data stream 76a, 76b, 76c is
derived. Further, the step 86 may also comprise a compensation of motions of the object represented in the input data
stream 76a, 76b, 76c. In other words, an area of interest indicative of the desired information can be tracked over time
in the input data stream 76a, 76b, 76c.
[0162] Subsequently, a color normalization 88 and/or a luminance normalization 90 can be applied to the preprocessed
data stream 78a, 78b, 78c. Consequently, the problem of extracting the desired information can be facilitated, by way
of example, in that a multidimensional problem can be transferred to a problem having fewer dimensions as indicated
by the normalized preprocessed data stream 80a, 80b, 80c. As already mentioned above, the color normalization 88

^

^

^

ˇ
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may precede the luminance normalization 90, and vice versa.
[0163] In a subsequent step 92 a determination of a disturbance-reduced index element is carried out utilizing captured
signals extracted from the data stream. As mentioned above, the determination can comprise methods of multivariate
statistics. Further, the disturbance-reduced index element can be detected with consideration of the orientation of a
predetermined index element, such as an approximately determined heart beat axis.
[0164] In a further subsequent step 94 detected characteristic index elements 50, 50’ and 50" indicative of the desired
information are projected to respective ones of the disturbance-reduced index elements determined in step 92 thereby
eliminating noise-containing components of the characteristic index elements 50, 50’ and 50" at least to a certain extent.
In that way a data stream 82a, 82b, 82c highly indicative of the desired information can be created.
[0165] In an even further subsequent step 96 the desired information is extracted from the data stream 82a, 82b, and
82c. In other words, a temporal pulsation of the projected characteristic index elements is analyzed and extracted. In
addition, a band pass filtering and/or Fourier domain analysis can be applied to the extracted data so as to further
enhance the desired information in the noise-containing data. The band pass filtering can be depicted by a coordinate
system provided with an amplitude axis 102 and a frequency axis 104. A signal form is represented therein some areas
of which, the blocked zones 108a, 108b, are suppressed or even eliminated while a remaining bandwidth 106 can be
enhanced. It can be envisaged that further analyses are applied to the data contained in the remaining bandwidth 106.
In the remaining bandwidth a dominant frequency peak 110 can be determined which represents the desired information.
Eventually, the output signal modified in this way can be made available at an output interface and distributed for further
use.
[0166] By way of example, the present invention can be applied in the field of health care, e.g. unobtrusive remote
patient monitoring, general surveillances, security monitoring and so-called lifestyle applications, such as fitness equip-
ment, or the like.
[0167] To this end, it can be envisaged to extract and deliver detailed vital information, e.g. heart rate, heart rate
variability, or even respiration rate. On the other hand, also information derived therefrom can be delivered, e.g., by way
of example, the presence of a living being or of a mere picture thereof.
[0168] Further, it should be noted, that it can be envisaged to apply also a motion detection or image tracking for
monitoring moving objects of interest. To this end, patterns of interest can be determined, e.g. highly-indicative face
areas that can be tracked during capturing and subsequent processing. In this case, it could be further preferred if the
averaging and normalization is done on a pattern level rather than a whole image frame level.
[0169] While the invention has been illustrated and described in detail in the drawings and foregoing description, such
illustration 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.
[0170] 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 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.
[0171] 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 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 telecommunication systems.
[0172] Any reference signs in the claims should not be construed as limiting the scope.

Claims

1. Unobtrusive remote monitoring device for extracting information from detected characteristic signals, comprising:

- an interface (18) for receiving a data stream (76, 78, 80, 82) comprising a sequence of image frames derivable
from electromagnetic radiation (14) emitted or reflected by an object (11) and detected by a sensor means (16),
the sequence of image frames comprising a continuous or discrete characteristic signal (13) including physio-
logical information (48), the physiological information (48) being representative of at least one at least partially
periodic vital signal (12),
- an extractor means (20) for extracting the physiological information (48) from the data stream (76, 78, 80, 82),
the extractor means (20) deriving a plurality of characteristic index elements (50) from the data stream (76, 78,
80, 82), the plurality of characteristic index elements (50) being indicative of the physiological information (48)
and a disturbing signal component (58), wherein the plurality of characteristic index elements (50) is associated
with a signal space (36) representative of characteristics of the electromagnetic radiation (14), the signal space
(36) comprising a predetermined index element (46) having a set orientation indicative of a reference physio-
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logical information, the predetermined index element (46) being at least approximately determinable by an
upstream determination of respective reference values,
- a converter means (22) for converting the plurality of characteristic index elements (50) by projecting them to
a disturbance-reduced index element (64) derived from a given orientation and length of the plurality of char-
acteristic index elements (50), the disturbance-reduced index element (64) having a distinct orientation in relation
to a presumed orientation of the disturbing signal component (58), wherein the disturbance-reduced index
element (64) is determined by optimizing an expression with consideration of the orientation of the predetermined
index element (46),
- wherein the sensor means (16) is configured to detect electromagnetic radiation (14) within at least one
particular wavelength range selected from the group consisting of visible light, infrared light, and ultraviolet
radiation, and wherein the sensor means (16) is connectable to the interface (18), and wherein the sensor
means (16) is a video camera,

wherein the converter means (22) is further adapted for determining the disturbance-reduced index element (64)
by defining a dataset comprising a set of characteristic index element values derived by the extractor means (20),
and by performing a transformation, preferably a substantially orthogonal linear transformation, of the dataset to a
coordinate system, wherein a dominant component thereof is aligned with an axis of the coordinate system, wherein
the dominant component coincides with the disturbance-reduced index element (64), and wherein the disturbance-
reduced index element (64) is determined by minimizing the energy of the projected characteristic index elements
(66) over a temporal interval.

2. Device as claimed in claim 1, further comprising an analyzing means (24) for determining the temporal variation of
the projected index element (66), and for detecting the at least one at least partially periodic vital signal (12) repre-
sented by the physiological information (48).

3. Device as claimed in claim 2, wherein the analyzing means (24) is further adapted to compensate an angular offset
(70) between the projected index element (66) and the predetermined index element (46) having the set orientation.

4. Device as claimed in claim 1, wherein the plurality of characteristic index elements (50) is a set of difference vectors
representing temporal variations of the continuous or discrete characteristic signal (13) in the signal space (36).

5. Device as claimed in claim 4, wherein the sensor means (16) comprises a camera adapted for capturing a signal
within a signal space (36) selected from the group consisting of RGB, sRGB, Rg chromaticity, HSV, HSL, CMYK,
YPbPr, YCbCr, and xvYCC.

6. Device as claimed in claim 1, wherein the at least one at least partially periodic vital signal (12) is selected from the
group consisting of heart beat, respiration rate, and heart rate variability.

7. Device as claimed in claim 1, wherein the signal space (36) is a normalized color space, wherein at least one degree
of freedom (38, 40, 42) is at least temporarily compensated by a normalization process.

8. Device as claimed in claim 1, wherein the extractor means (20) further comprises a normalizing means for transferring
the data stream (76, 78, 80, 82) into the signal space (36) by normalizing actual luminance values embedded in the
data stream (76, 78, 80, 82) by applying a respective determined combination of primary colors to color-representative
components of the data stream, and/or by normalizing the color intensity of the data stream (76, 78, 80, 82) by
applying respective temporal mean values of the data stream to actual values of color-representative components
thereof.

9. Device as claimed in claim 2, wherein the analyzing means (24) further comprises a filter means for filtering the
data stream (76, 78, 80, 82) and for enhancing a signal component (106) at a bandwidth between 0.2 Hz and 10
Hz, preferably between 0.5 Hz and 3.5 Hz.

10. Device as claimed in claim 2, further comprising a processing unit (26) comprising the extractor means (20), the
converter means (22), and the analyzing means (24).

11. Device as claimed in claim 1, wherein a weight function is applied for determining the disturbance-reduced index
element (64) so as to converge the disturbance-reduced index element (64) to the predetermined index element (46).
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12. Device as claimed in claim 1, wherein the disturbance-reduced index element (64) corresponds to a vector z, wherein
the vector z is determined by methods of multivariate statistics such that the expression iSzi2 = (Sz)T Sz = zT(ST

S)z is minimized, wherein a matrix S comprises a stack of a plurality of difference row vectors sT, and wherein a
vector s corresponds to a characteristic index element (50).

13. Unobtrusive remote monitoring method for extracting information from detected characteristic signals, comprising
the steps:

- receiving by an interface (18) a data stream (76, 78, 80, 82) comprising a sequence of image frames derivable
from electromagnetic radiation (14) emitted or reflected by an object (11) and detected by a sensor means (16),
the sequence of image frames comprising a continuous or discrete characteristic signal (13) including physio-
logical information (48), the physiological information (48) being representative of at least one at least partially
periodic vital signal (12), wherein the electromagnetic radiation (14) is detected by a sensor means (16) for
detecting electromagnetic radiation (14) within at least one particular wavelength range selected from the group
consisting of visible light, infrared light, and ultraviolet radiation, wherein the sensor means (16) is connectable
to the interface (18), and wherein the sensor means (16) is a video camera,
- extracting by an extractor means (20) the physiological information (48) from the data stream (76, 78, 80, 82)
by deriving a plurality of characteristic index elements (50) from the data stream (76, 78, 80, 82), the plurality
of characteristic index elements (50) being indicative of the physiological information (48) and a disturbing signal
component (58), wherein the plurality of characteristic index elements (50) is associated with a signal space
(36) representative of characteristics of the electromagnetic radiation (14), the signal space (36) comprising a
predetermined index element (46) having a set orientation indicative of a reference physiological information,
the predetermined index element (46) being at least approximately determinable by an upstream determination
of respective reference values,
- converting by a converter means (22) the plurality of characteristic index elements (50) by projecting them to
a disturbance-reduced index element (64) derived from a given orientation and length of the plurality of char-
acteristic index elements (50), the disturbance-reduced index element (64) having a distinct orientation in relation
to a presumed orientation of the disturbing signal component (58), wherein the disturbance-reduced index
element (64) is determined by optimizing an expression with consideration of the orientation of the predetermined
index element (46), wherein determining the disturbance-reduced index element (64) comprises defining a
dataset comprising a set of characteristic index element values and performing a transformation, preferably a
substantially orthogonal linear transformation, of the dataset to a coordinate system wherein a dominant com-
ponent thereof is aligned with an axis of the coordinate system, wherein the dominant component coincides
with the disturbance-reduced index element (64), and wherein the disturbance-reduced index element (64) is
determined by minimizing the energy of the projected characteristic index elements (66) over a temporal interval.

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 a computer.

Patentansprüche

1. Unauffällige Fernüberwachungsvorrichtung zum Extrahieren von Informationen aus erfassten charakteristischen
Signalen, umfassend:

- eine Schnittstelle (18) zum Empfangen eines Datenstroms (76, 78, 80, 82), der eine Abfolge von Bild-Frames
umfasst, die aus elektromagnetischer Strahlung (14) ableitbar sind, die durch ein Objekt (11) ausgestrahlt oder
reflektiert und durch ein Sensormittel (16) erfasst wird, wobei die Abfolge von Bild-Frames ein kontinuierliches
oder diskretes charakteristisches Signal (13) umfasst, das physiologische Informationen (48) enthält, wobei die
physiologischen Informationen (48) für mindestens ein mindestens teilweise periodisches vitales Signal (12)
repräsentativ sind,
- ein Extraktionsmittel (20) zum Extrahieren der physiologischen Informationen (48) aus dem Datenstrom (76,
78, 80, 82), wobei das Extraktionsmittel (20) eine Vielzahl von charakteristischen Indexelementen (50) aus dem
Datenstrom (76, 78, 80, 82) abgleitet, wobei die Vielzahl von charakteristischen Indexelementen (50) die phy-
siologischen Informationen (48) und eine Störsignalkomponente (58) angeben, wobei die Vielzahl von charak-
teristischen Indexelementen (50) mit einem Signalraum (36) verknüpft ist, der für Eigenschaften der elektro-
magnetischen Strahlung (14) repräsentativ ist, der Signalraum (36) ein vorbestimmtes Indexelement (46) mit
eingestellter Orientierung umfasst, das physiologische Referenzinformationen angibt, wobei das vorbestimmte
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Indexelement (46) mindestens annähernd durch eine Stromaufwärtsbestimmung entsprechender Referenz-
werte bestimmbar ist,
- ein Wandlermittel (22) zum Umwandeln der Vielzahl von charakteristischen Indexelementen (50) durch deren
Projektion auf ein störungsvermindertes Indexelement (64), das von einer bestimmten Orientierung und Länge
der Vielzahl von charakteristischen Indexelementen (50) abgeleitet ist, wobei das störungsverminderte Index-
element (64) eine eigene Orientierung in Bezug auf eine vorbestimmte Orientierung der Störsignalkomponente
(58) aufweist, wobei das störungsverminderte Indexelement (64) durch Optimieren eines Ausdrucks unter Be-
rücksichtigung der Orientierung des vorbestimmten Indexelements (46) bestimmt wird,
- wobei das Sensormittel (16) gestaltet ist, elektromagnetische Strahlung (14) innerhalb mindestens eines
besonderen Wellenlängenbereichs zu erfassen, der ausgewählt ist aus der Gruppe bestehend aus sichtbarem
Licht, Infrarotlicht und Ultraviolettstrahlung, und

wobei das Sensormittel (16) mit der Schnittstelle (18) verbunden werden kann und wobei das Sensormittel (16)
eine Videokamera ist,
wobei das Wandlermittel (22) weiter ausgelegt ist zum Bestimmen des störungsverminderten Indexelements (64)
durch Definieren eines Datensatzes, der einen Satz charakteristischer Indexelementwerte umfasst, die durch das
Extraktionsmittel (20) abgeleitet sind, und durch Durchführen einer Umformung, vorzugsweise einer im Wesentlichen
orthogonalen linearen Umformung, des Datensatzes zu einem Koordinatensystem, wobei eine dominante Kompo-
nente davon mit einer Achse des Koordinatensystems ausgerichtet ist, wobei die dominante Komponente mit dem
störungsverminderten Indexelement (64) übereinstimmt und wobei das störungsverminderte Indexelement (64)
durch Minimieren der Energie der projizierten charakteristischen Indexelemente (66) über ein zeitliches Intervall
bestimmt wird.

2. Vorrichtung nach Anspruch 1, weiter umfassend ein Analysiermittel (24) zum Bestimmen der zeitlichen Variation
des projizierten Indexelements (66) und zum Erfassen des mindestens einen mindestens teilweise periodischen
vitalen Signals (12), das durch die physiologischen Informationen (48) dargestellt ist.

3. Vorrichtung nach Anspruch 2, wobei das Analysiermittel (24) weiter ausgelegt ist, einen Winkelversatz (70) zwischen
dem projizierten Indexelement (66) und dem vorbestimmten Indexelement (46), das die eingestellte Orientierung
aufweist, zu kompensieren.

4. Vorrichtung nach Anspruch 1, wobei die Vielzahl von charakteristischen Indexelementen (50) ein Satz von Diffe-
renzvektoren ist, die zeitliche Variationen des kontinuierlichen oder diskreten charakteristischen Signals (13) im
Signalraum (36) darstellen.

5. Vorrichtung nach Anspruch 4, wobei das Sensormittel (16) eine Kamera umfasst, die zum Aufnehmen eines Signals
innerhalb eines Signalraums (36) ausgelegt ist, der ausgewählt ist aus der Gruppe bestehend aus RGB, sRGB, Rg-
Chromatizität, HSV, HSL, CMYK, YPbPr; YCbCr und xvYCC.

6. Vorrichtung nach Anspruch 1, wobei das mindestens eine mindestens teilweise periodische vitale Signal (12) aus-
gewählt ist aus der Gruppe bestehend aus Herzschlag, Atmungsfrequenz und Herzfrequenzvariabilität.

7. Vorrichtung nach Anspruch 1, wobei der Signalraum (36) ein normalisierter Farbraum ist, wobei mindestens ein
Freiheitsgrad (38, 40, 42) mindestens vorübergehend durch einen Normalisierungsprozess kompensiert ist.

8. Vorrichtung nach Anspruch 1, wobei das Extraktionsmittel (20) weiter ein Normalisierungsmittel zum Übertragen
des Datenstroms (76, 78, 80, 82) in den Signalraum (36) durch Normalisieren tatsächlicher Leuchtdichtewerte, die
in den Datenstrom (76, 78, 80, 82) eingebettet sind, durch Anwenden einer entsprechenden bestimmten Kombination
primärer Farben an farbrepräsentativen Komponenten des Datenstroms und/oder durch Normalisieren der Farb-
stärke des Datenstroms (76, 78, 80, 82) durch Anwenden entsprechender zeitlicher Mittelwerte des Datenstroms
an tatsächlichen Werten seiner farbrepräsentativen Komponenten umfasst.

9. Vorrichtung nach Anspruch 2, wobei das Analysiermittel (24) weiter ein Filtermittel zum Filtern des Datenstroms
(76, 78, 80, 82) und zum Verstärken einer Signalkomponente (106) bei einer Bandbreite zwischen 0,2 Hz und 10
Hz, vorzugsweise zwischen 0,5 Hz und 3,5 Hz umfasst.

10. Vorrichtung nach Anspruch 2, weiter umfassend eine Verarbeitungseinheit (26), umfassend das Extraktionsmittel
(20), das Wandlermittel (22) und das Analysiermittel (24).
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11. Vorrichtung nach Anspruch 1, wobei eine Gewichtungsfunktion zur Bestimmung des störungsverminderten Index-
elements (64) angewendet wird, um so das störungsverminderte Indexelement (64) zu dem vorbestimmten Index-
element (46) zu konvergieren.

12. Vorrichtung nach Anspruch 1, wobei das störungsverminderte Indexelement (64) einem Vektor z entspricht, wobei
der Vektor z durch Verfahren multivariater Statistik bestimmt wird, sodass der Ausdruck iSzi2 = (Sz)TSz = zT(STS)z
minimiert ist, wobei eine Matrix S einen Stapel einer Vielzahl von Differenzreihenvektoren sT enthält und wobei ein
Vektor s einem charakteristischen Indexelement (50) entspricht.

13. Unauffälliges Fernüberwachungsverfahren zum Extrahieren von Informationen aus erfassten charakteristischen
Signalen, umfassend die Schritte:

- Empfangen durch eine Schnittstelle (18) eines Datenstroms (76, 78, 80, 82), der eine Abfolge von Bild-Frames
umfasst, die aus elektromagnetischer Strahlung (14) ableitbar sind, die durch ein Objekt (11) ausgestrahlt oder
reflektiert und durch ein Sensormittel (16) erfasst wird, wobei die Abfolge von Bild-Frames ein kontinuierliches
oder diskretes charakteristisches Signal (13) umfasst, das physiologische Informationen (48) enthält, wobei die
physiologischen Informationen (48) für mindestens ein mindestens teilweise periodisches vitales Signal (12)
repräsentativ sind, wobei die elektromagnetische Strahlung (14) durch ein Sensormittel (16) zum Erfassen
elektromagnetischer Strahlung (14) innerhalb zumindest eines bestimmten Wellenlängenbereichs, der ausge-
wählt ist aus der Gruppe bestehend aus sichtbarem Licht, Infrarotlicht und Ultraviolettstrahlung, erfasst wird,
wobei das Sensormittel (16) mit der Schnittstelle (18) verbunden werden kann und wobei das Sensormittel (16)
eine Videokamera ist,
- Extrahieren durch ein Extraktionsmittel (20) der physiologischen Informationen (48) aus dem Datenstrom (76,
78, 80, 82) durch Ableiten einer Vielzahl von charakteristischen Indexelementen (50) aus dem Datenstrom (76,
78, 80, 82), wobei die Vielzahl von charakteristischen Indexelementen (50) die physiologischen Informationen
(48) und eine Störsignalkomponente (58) angeben, wobei die Vielzahl von charakteristischen Indexelementen
(50) mit einem Signalraum (36) verknüpft ist, der für Eigenschaften der elektromagnetischen Strahlung (14)
repräsentativ ist, der Signalraum (36) ein vorbestimmtes Indexelement (46) mit eingestellter Orientierung um-
fasst, das physiologische Referenzinformationen angibt, wobei das vorbestimmte Indexelement (46) mindestens
annähernd durch eine Stromaufwärtsbestimmung entsprechender Referenzwerte bestimmbar ist,
- Umwandeln durch ein Wandlermittel (22) der Vielzahl von charakteristischen Indexelementen (50) durch deren
Projektion auf ein störungsvermindertes Indexelement (64), das von einer bestimmten Orientierung und Länge
der Vielzahl von charakteristischen Indexelementen (50) abgeleitet ist, wobei das störungsverminderte Index-
element (64) eine eigene Orientierung in Bezug auf eine vorbestimmte Orientierung der Störsignalkomponente
(58) aufweist, wobei das störungsverminderte Indexelement (64) durch Optimieren eines Ausdrucks unter Be-
rücksichtigung der Orientierung des vorbestimmten Indexelements (46) bestimmt wird, wobei ein Bestimmen
des störungsverminderten Indexelements (64) ein Definieren eines Datensatzes, der einen Satz charakteristi-
scher Indexelementwerte umfasst, und ein Durchführen einer Umformung, vorzugsweise einer im Wesentlichen
orthogonalen linearen Umformung, des Datensatzes zu einem Koordinatensystem umfasst, wobei eine domi-
nante Komponente davon mit einer Achse des Koordinatensystems ausgerichtet ist, wobei die dominante Kom-
ponente mit dem störungsverminderten Indexelement (64) übereinstimmt und wobei das störungsverminderte
Indexelement (64) durch Minimieren der Energie der projizierten charakteristischen Indexelemente (66) über
ein zeitliches Intervall bestimmt wird.

14. Computerprogramm, umfassend Codemittel zum Veranlassen eines Computers, die Schritte des Verfahrens nach
Anspruch 13 auszuführen, wenn das Computerprogramm auf einem Computer ausgeführt wird.

Revendications

1. Dispositif discret de surveillance à distance pour extraire des informations de signaux de caractéristique détectés,
comprenant :

- une interface (18) pour recevoir un courant de données (76, 78, 80, 82) comprenant une séquence de trames
d’images qui peuvent être retirées d’un rayonnement électromagnétique (14) émis ou réfléchi par un objet (11)
et détectées par un moyen de détection (16), la séquence de trames d’images comprenant un signal de carac-
téristique continu ou discret (13) incluant des informations physiologiques (48), les informations physiologiques
(48) étant représentatives d’au moins l’un d’un signal vital au moins en partie périodique (12),
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- un moyen d’extraction (20) pour extraire les informations physiologiques (48) du courant de données (76, 78,
80, 82), le moyen d’extraction (20) retirant une pluralité d’éléments d’index de caractéristiques (50) du courant
de données (76, 78, 80, 82), la pluralité d’éléments d’index de caractéristiques (50) étant indicative d’informations
physiologiques (48) et d’une composante de signal perturbante (58), dans lequel la pluralité d’éléments d’index
de caractéristiques (50) est associée à un espace de signal (36) représentatif de caractéristiques du rayonne-
ment électromagnétique (14), l’espace de signal (36) comprenant un élément d’index prédéterminé (46) ayant
une orientation réglée indicative d’informations physiologiques de référence, l’élément d’index prédéterminé
(46) étant au moins approximativement déterminable par une détermination en amont de valeurs de référence
respectives,
- un moyen de conversion (22) pour convertir la pluralité d’éléments d’index de caractéristiques (50) en les
projetant sur un élément d’index à perturbation réduite (64) retiré d’une orientation et d’une longueur données
de la pluralité d’éléments d’index de caractéristiques (50), l’élément d’index à perturbation réduite (64) ayant
une orientation distincte par rapport à une orientation présumée de la composante de signal perturbante (58),
dans lequel l’élément d’index à perturbation réduite (64) est déterminé en optimisant une expression en con-
sidérant l’orientation de l’élément d’index prédéterminé (46),

dans lequel le moyen de détection (16) est configuré pour détecter un rayonnement électromagnétique (14) dans
au moins une plage de longueurs d’onde particulières sélectionnées dans le groupe constitué de la lumière visible,
de la lumière infrarouge et du rayonnement ultraviolet et dans lequel le moyen de détection (16) peut être connecté
à l’interface (18) et dans lequel le moyen de détection (16) est une caméra vidéo,
dans lequel le moyen de conversion (22) est en outre à même de déterminer l’élément d’index à perturbation réduite
(64) en définissant un ensemble de données comprenant un ensemble de valeurs d’éléments d’index de caracté-
ristiques retiré du moyen d’extraction (20) et en effectuant une transformation, de préférence une transformation
linéaire sensiblement orthogonale, de l’ensemble de données dans un système de coordonnées, dans lequel une
composante dominante de celui-ci est alignée avec un axe du système de coordonnées, dans lequel la composante
dominante coïncide avec l’élément d’index à perturbation réduite (64) et dans lequel l’élément d’index à perturbation
réduite (64) est déterminé en minimisant l’énergie des éléments d’index de caractéristiques projetés (66) sur un
intervalle temporel.

2. Dispositif selon la revendication 1, comprenant en outre un moyen d’analyse (24) pour déterminer la variation
temporelle de l’élément d’index projeté (66) et pour détecter le au moins un signal vital au moins en partie périodique
(12) représenté par les informations physiologiques (48).

3. Dispositif selon la revendication 2, dans lequel le moyen d’analyse (24) est en outre à même de compenser un
décalage angulaire (70) entre l’élément d’index projeté (66) et l’élément d’index prédéterminé (46) ayant l’orientation
réglée.

4. Dispositif selon la revendication 1, dans lequel la pluralité d’éléments d’index de caractéristiques (50) est un ensemble
de vecteurs de différence représentant des variations temporelles du signal de caractéristique continu ou discret
(13) dans l’espace de signal (36).

5. Dispositif selon la revendication 4, dans lequel le moyen de détection (16) comprend une caméra qui est à même
de capturer un signal dans un espace de signal (36) choisi dans le groupe constitué des suivants : RVB, sRVB,
chromaticité Rg, HSV, HSL, CMYK, YPbPr, YCbCr et xvYCC.

6. Dispositif selon la revendication 1, dans lequel le au moins un signal vital au moins en partie périodique (12) est
choisi dans le groupe constitué d’un battement cardiaque, d’une fréquence respiratoire et d’une variabilité de la
fréquence cardiaque.

7. Dispositif selon la revendication 1, dans lequel l’espace de signal (36) est un espace de couleur normalisé, dans
lequel au moins un degré de liberté (38, 40, 42) est au moins temporairement compensé par un processus de
normalisation.

8. Dispositif selon la revendication 1, dans lequel le moyen d’extraction (20) comprend en outre un moyen de norma-
lisation pour transférer le courant de données (76, 78, 80, 82) dans l’espace de signal (36) en normalisant les valeurs
de luminance réelles noyées dans le courant de données (76, 78, 80, 82) en appliquant une combinaison déterminée
respective de couleurs primaires à des composantes représentatives de couleurs du courant de données et/ou en
normalisant l’intensité de couleurs du courant de données (76, 78, 80, 82) en appliquant des valeurs temporelles
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moyennes respectives du courant de données à des valeurs réelles de leurs composantes représentatives de
couleurs.

9. Dispositif selon la revendication 2, dans lequel le moyen d’analyse (24) comprend en outre un moyen de filtration
pour filtrer le courant de données (76, 78, 80, 82) et pour améliorer une composante de signal (106) dans une
largeur de bande entre 0,2 Hz et 10 Hz, de préférence entre 0,5 Hz et 3,5 Hz.

10. Dispositif selon la revendication 2, comprenant en outre une unité de traitement (26) comprenant le moyen d’ex-
traction (20), le moyen de conversion (22) et le moyen d’analyse (24).

11. Dispositif selon la revendication 1, dans lequel une fonction de pondération est appliquée pour déterminer l’élément
d’index à perturbation réduite (64) afin de faire converger l’élément d’index à perturbation réduite (64) avec l’élément
d’index prédéterminé (46).

12. Dispositif selon la revendication 1, dans lequel l’élément d’index à perturbation réduite (64) correspond à un vecteur
z, dans lequel le vecteur z est déterminé par des procédés de statistiques à variables multiples tels que l’expression
iSzi2 = (Sz)TSz = zT(STS)z soit minimisée, dans lequel une matrice S comprend une pile d’une pluralité de vecteurs
de rangées de différence sT et dans lequel un vecteur s correspond à un élément d’index de caractéristique (50).

13. Procédé discret de surveillance à distance pour extraire des informations de signaux de caractéristiques détectés,
comprenant les étapes consistant à :

- recevoir par une interface (18) un courant de données (76, 78, 80, 82) comprenant une séquence de trames
d’images qui peuvent être retirées du rayonnement électromagnétique (14) émis ou réfléchi par un objet (11)
et détecté par un moyen de détection (16), la séquence de trames d’images comprenant un signal de caracté-
ristique continu ou discret (13) incluant des informations physiologiques (48), les informations physiologiques
(48) étant représentatives d’au moins un signal vital au moins en partie périodique (12), dans lequel le rayon-
nement électromagnétique (14) est détecté par un moyen de détection (16) pour détecter le rayonnement
électromagnétique (14) dans au moins une plage de longueurs d’onde particulières choisies dans le groupe
constitué de la lumière visible, de la lumière infrarouge et du rayonnement ultraviolet, dans lequel le moyen de
détection (16) peut être connecté à l’interface (18) et dans lequel le moyen de détection (16) est une caméra vidéo,
- extraire par un moyen d’extraction (20) des informations physiologiques (48) du courant de données (76, 78,
80, 82) en retirant une pluralité d’éléments d’index de caractéristiques (50) du courant de données (76, 78, 80,
82), la pluralité d’éléments d’index de caractéristiques (50) étant indicative des informations physiologiques
(48) et d’une composante de signal perturbante (58), dans lequel la pluralité d’éléments d’index de caractéris-
tiques (50) est associée à un espace de signal (36) représentatif de caractéristiques du rayonnement électro-
magnétique (14), l’espace de signal (36) comprenant un élément d’index prédéterminé (46) ayant une orientation
réglée indicative d’informations physiologiques de référence, l’élément d’index prédéterminé (46) étant au moins
approximativement déterminable par une détermination en amont de valeurs de référence respectives,
- convertir par un moyen de conversion (22) la pluralité d’éléments d’index de caractéristiques (50) en les
projetant sur un élément d’index à perturbation réduite (64) retiré d’une orientation et d’une longueur données
de la pluralité d’éléments d’index de caractéristiques (50), l’élément index à perturbation réduite (64) ayant une
orientation distincte par rapport à une orientation présumée de la composante de signal perturbante (58), dans
lequel l’élément d’index à perturbation réduite (64) est déterminé par optimisation d’une expression en consi-
dérant l’orientation de l’élément d’index prédéterminé (46), dans lequel la détermination de l’élément d’index à
perturbation réduite (64) comprend la définition d’un ensemble de données comprenant un ensemble de valeurs
d’éléments d’index de caractéristiques et en réalisant une transformation, de préférence une transformation
linéaire sensiblement orthogonale, de l’ensemble de données dans un système de coordonnées, dans lequel
leur composante dominante est alignée avec un axe du système de coordonnées, dans lequel la composante
dominante coïncide avec l’élément d’index à perturbation réduite (64) et dans lequel l’élément d’index à per-
turbation réduite (64) est déterminé en minimisant l’énergie des éléments d’index de caractéristiques projetés
(66) sur un intervalle temporel.

14. Programme informatique comprenant des moyens de codage de programme pour amener un ordinateur à effectuer
les étapes du procédé selon la revendication 13 lorsque ledit programme informatique est effectué sur un ordinateur.
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