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(54) METHOD AND SYSTEM FOR OBTAINING A FIRST SIGNAL FOR ANALYSIS TO
CHARACTERIZE AT LEAST ONE PERIODIC COMPONENT THEREOF

(57) A method of facilitating obtaining a first signal
(42;50a-n) for analysis to characterize at least one peri-
odic component thereof, includes obtaining at least two
second signals (18-20) representative of intensities of
captured electromagnetic radiation, each corresponding
to a respective different radiation frequency range. The
first signal (42;50a-n) is at least derivable from an output
signal (31) obtainable by applying a transformation
(22,26,30) to the second signals (18-20;55-57) such that
any value of the output signal (31) is based on values
from each respective second signal (18-20;55-57) at cor-
responding points in time. The method further includes
obtaining at least one value of at least one variable de-
termining influences of at least components of respective
second signals (18-20;55-57) on the output signal (31)
when the signals corresponding to the second signals
(18-20;55-57) are captured and the transformation
(22,26,30) is applied, by at least one of: (i) analyzing at
least one of the second signals (18-20;55-57), an output
signal (31) obtained by applying the transformation
(22,26,30) to the second signals (18-20) and afirst signal
(42;50a-n) derived from the output signal (31) and using
the analysis to select at least one value of at least one
parameter (54) corresponding to a respective one of the
variables; and (ii) calculating values of at least one
time-varying factor corresponding to a respective one of

the variables, each factor value based on at least one
second signal value, and applying each factor in an op-
eration in at least one of a number of parallel sequences
of operations comprising at least one such operation and
taking a signal corresponding to a respective one of the
second signals (55-57) as input.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to a method of facilitating obtaining a first signal for analysis to characterize at least one
periodic component thereof.

[0002] The invention also relates to a system for obtaining a first signal for analysis to characterize at least one periodic
component thereof.

[0003] The invention also relates to a computer program.

BACKGROUND OF THE INVENTION

[0004] European patent application No. 09154493.2, in the name of the same applicant as the present application,
was filed before and published after the priority date of the presentapplication. It describes a system arranged to process
a sequence of images. The system carries out this processing in order to determine at least one of the presence and a
frequency value of at least one peak in the spectrum of a signal based on the pixel data of the images corresponding
to a frequency of a periodic physiological phenomenon. An image segmentation algorithm is performed on at least one
of the sequence of images. One or more distinct segments determined to correspond to a body part of a desired type
are tracked through the sequence of images. For each selected and tracked segment a measurement zone is selected.
For each measurement zone, a signal representative of the time-varying average brightness of the pixels corresponding
to the measurement zone is generated. The brightness may be a weighted sum of the color components or only the
value of one color component. The signal is centered on its mean value, and basic signal processing techniques are
used to determine one or more local maxima of the spectrum of the signal, at least within a range known to comprise
typical heart rate values and/or respiration rate values for the living beings of interest (generally humans).

SUMMARY OF THE INVENTION

[0005] It is desirable to provide a method, system and computer program for facilitating obtaining a first signal for
analysis to characterize at least one periodic component thereof in which the components of interest are relatively clearly
distinguished from noise, for example noise due to motion and illumination changes.

[0006] To this end, the invention proposes a method of facilitating obtaining a first signal for analysis to characterize
at least one periodic component thereof, including:

obtaining input signals in a sequence of image frames representative of intensities of captured electromagnetic
radiation, each corresponding to a respective different radiation frequency range over a series of points in time,
deriving an output signal from at least one of the input signals by applying a transformation to the at least one of
the input signals such that any value of the output signal is based on values from each respective input signal at
corresponding points in time, the final signal being derivable from the output signal;

wherein the transformation includes analyzing the input signal and at least one of:

a) for the input signal, calculating a time-varying factor based on values of the input signal over a part of the series
of points in time and, at for each point in time in that part of the series of points in time, normalising the input signal
using the factor, and

b) for each point in time, calculating a factor from the input signal and normalising the input signal using the factor.

[0007] The method is suitable for facilitating a method in which reflected, transmitted or radiated light is captured and
processed to obtain a signal representative of at least variations in a value based on intensity values in the different
frequency ranges, also referred to here as color channels. This signal is analyzed to characterize certain periodic
phenomena in the scene from which the reflected, transmitted and/or emitted light is captured. Because certain color
channels exhibit weaker variations due to the phenomenon of interest than others, whereas motion and illumination
changes influence each of the second signals, the transformation applied to the second signals is suitable for obtaining
an output signal with an increased signal-to-noise ratio. However, simply subtracting one of the second signals from
another will generally not be sufficient to remove the influence of motion and illumination changes. By analyzing at least
one of the second signals, the output signal and the first signal and using the analysis to select at least one value of at
least one parameter determining influences of at least components of respective second signals on the output signal
when the signals corresponding to the second signals are captured and the transformation is applied, it is established
whether and to what extent each color channel should influence the output signal and thus the first signal. The respective
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parameter values affect fewer than all of the second signals that are used to obtain the output signal. They may in
particular affect the extent to which the second signals influence the output signal, i.e. the relative strength of the second
signals affected by the parameter values in the mix of second signals used to obtain the output signal. Compared to
methods that subtract an intensity signal obtained at one wavelength from one obtained at another, or to those that take
a ratio, the present method works well with second signals that each contain a component associated with the periodic
phenomenon of interest to at least a limited extent. The relevant information from multiple channels is used, whilst at
the same time unwanted information is suppressed.

[0008] This is also the case where values of at least one time-varying factor are calculated and each factor value is
based on at least one second signal value, because a kind or normalization is achieved. By applying the factors to
signals based on respective ones of the second signals, a transformation, in particular a kind of normalization, in color
space is obtained. Because the factor is time-varying, changes in the background illumination spectrum can be removed,
improving the signal-to-noise ratio. The signals obtained by applying the factors can be combined subsequently into one
signal from which the first signal is at least derivable, which is implied by the fact that the factors are variables determining
influences of at least components of respective second signals on the output signal when the transformation is applied.
In this respect, the method differs from those that simply take a ratio of color components and characterize a periodic
component of that ratio. It is observed that the signals based on respective ones of the second signals each correspond
to a respective one of the second signals, a scalar multiple thereof, or a signal obtainable by applying another of the
factors to one of the second signals. Thus, where the values of at least one time-varying factor are calculated, each
second signal forms the input to a respective sequence of one or more operations in which the calculated factors are
applied. The outputs are then combined into an output signal from which the first signal is at least derivable.

[0009] In an embodiment, the time varying factor is calculated using a time-average and/or a median value of at least
on of the input signals. This permits colour-normalisation which reduces the influence of movement of the subject and
of slow changes in illumination.

[0010] In an embodiment, the transformation comprises selecting a value of a parameter and applying the parameter
in a parameterised operation.

[0011] In an embodiment, the parameterised operation is applied in parallel to the input signals and wherein each
signal has a parameter value that is set seperately.

[0012] In an embodiment, the analysis of at least one of the second signals, an output signal obtained by applying the
transformation to the second signals and a first signal derived from the output signal is used to select at least one value
of at least one parameter determining influences of at least components of respective second signals on the output
signal so as to maximize a relative signal strength in a limited part of a spectrum of the first signal.

[0013] Thus, where it is known a priori that a particular range of the total spectrum of the first signal comprises the
information associated with the phenomenon of interest, the method improves the signal-to-noise ratio in that range.
[0014] In an embodiment, the transformation includes at least one parameterized operation and the analysis of at
least one of the second signals, an output signal obtained by applying the transformation to the second signals and a
first signal derived from the output signal is used to select values of at least one parameter of the operation.

[0015] Compared to selecting parameters affecting the illumination of a scene, this embodiment is relatively certain
to lead to good results. Moreover, it is less obtrusive than changing the lighting conditions.

[0016] Inavariant, the operation is an operation taking at least two inputs based in different ways on the second signals.
[0017] The inputs can simply correspond to values comprised in different respective second signals, or one can be a
sum and the other a difference, for example. This embodiment enables the two inputs to be combined in such a way
that the parameter values determine, for example, multiplication factors or phase changes applied to the inputs being
combined.

[0018] In an embodiment, the transformation further comprises establishing a plurality of difference signals by sub-
tracting from a value of each pixel of an image frame the value of a corresponding pixel position in an image frame of
an immediately preceding point in time.

[0019] In a further variant, the transformation includes an operation carried out in parallel on respective input signals
using at least one parameter value specific to fewer than all of the input signals.

[0020] Thus, an alternative way of affecting the prominence of the different second signals in the output signal is
provided.

[0021] Inafurther variant, the transformation includes at least one parameterized non-linear operation and the analysis
of at least one of the second signals, an output signal obtained by applying the transformation to the second signals and
a first signal derived from the output signal is used to select values of at least one parameter of the operation.

[0022] Thus, theinfluence of a particular color channelonthe outputsignal of the transformation can be made dependent
on amplitude and/or frequency. This variant can, for example, be used to allow large-signal fluctuations in one color
channel to influence the output signal but not small-signal fluctuations, or vice versa.

[0023] In an embodiment, the transformation includes an operation carried out in parallel on respective input signals,
each a different linear combination of second signals with at least one coefficient differing from zero, the operation
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comprising taking a logarithm of the input signal.

[0024] Generally, the operation will be carried out on respective input signals that are scalar multiples of the second
signals or correspond to the second signals.

[0025] Variations in ambient illumination levels will in many situations affect each color channel to approximately the
same degree. In essence, each second signal is the result of a modulation by a signal representative of variations in
ambient illumination levels. The output of the logarithm is a signal that has an additive component related to the multi-
plicative variations in ambient illumination levels. One can think of the output as the sum of a signal representative of
variations in ambientillumination levels and a signal that is independent thereof and includes a component representative
of a periodic phenomenon of interest. The latter signal is generally different for each color channel, because each color
channel is affected differently by the periodic phenomenon. The signal representative of variations in ambient illumination
levels can be suppressed relatively easily. One way of doing this is by means of a subsequent operation projecting onto
a plane in a multidimensional space input signals at least derived from respective output signals of the operation that
comprises the taking of the logarithm. This multidimensional space will generally have a number of dimensions equal
to the number of second signals (e.g. three, where the second signals represent red, green and blue color channels).
The multidimensional space can be thought of as a color space. It is noted that variations due to movement of a region
of interest that is imperfectly tracked will result in similar effects as variations in ambient illumination levels, which effects
are similarly suppressed in this embodiment.

[0026] In an embodiment, each second signal comprises a sequence of image frames comprised of pixel values
representative of intensities of captured electromagnetic radiation in an associated radiation frequency range.

[0027] This embodiment is relatively easy to implement using a video camera, because such a camera already com-
prises filters to provide image frames in multiple color channels. Moreover, random noise can be reduced by combining
pixel values from different locations in the image to form the first signal or a precursor thereof.

[0028] In an embodiment, the second signals include a second signal comprising intensity values of captured elec-
tromagnetic radiation in a part of the electromagnetic spectrum tuned to a peak in an absorption spectrum of water.
[0029] This embodimentis suitable for facilitating obtaining a first signal for analysis to characterize at least one periodic
component thereof corresponding to a biological phenomenon in a living being from whom radiated, reflected or trans-
mitted light is captured. In particular, this variant can be used to facilitate the implementation of a photoplethysmographic
method for determining the heart rate of the living being.

[0030] In an embodiment, the second signals include a second signal comprising intensity values of captured elec-
tromagnetic radiation in a part of the electromagnetic spectrum corresponding to a range of wavelength values between
500 nm and 600 nm.

[0031] This embodiment is similarly suitable for facilitating obtaining a first signal for analysis to characterize at least
one periodic component thereof corresponding to a biological phenomenon in a living being from whom radiated, reflected
or transmitted light is captured. The second signal comprising intensity values of captured electromagnetic radiation in
a part of the electromagnetic spectrum corresponding to a range of wavelength values between 500 nm and 600 nm
will contain information about changes in the level of oxyhemoglobin in illuminated (skin) tissue.

[0032] In an embodiment, the analysis includes carrying out a principal component analysis on data sets respectively
based on a plurality of second signals.

[0033] This embodiment provides a suitable implementation of the analysis step of the general method where one
second signal is relatively strongly correlated with the periodic phenomenon of interest and the other signal relatively
weakly. The signals can be subjected to a matrix operation to obtain an output signal on which the first signal is based,
in particular to which it corresponds. The parameters of the matrix operation are derived from the principal components.
Carrying out a principal component analysis on the second signals allows one to determine the correlations between
the second signals. One of the principal components will correspond to the signal component representative of the
periodic phenomenon of interest. The matrix operation including parameters based on the principal component analysis
is set up such as to retrieve this principal component as the first signal or to retrieve a signal from which the first signal
is directly obtainable.

[0034] An embodiment, wherein at least one of the second signals, an output signal obtained by applying the trans-
formation to the second signals and a first signal derived from the output signal is analyzed and the analysis is used to
select at least one value of at least one parameter determining influences of at least components or respective second
signals on the output signal when the signals corresponding to the second signals are captured and the transformation
is applied, further includes causing the selected values of the at least one parameter to be loaded into a system comprising:

an interface for obtaining at least two second signals representative of intensities of captured electromagnetic
radiation, each corresponding to a respective different radiation frequency range; and

a signal processing system for applying a transformation to the second signals to obtain an output signal from which
the first signal is at least derivable, any value of the output signal being based on values from each respective
second signal at a common point in time,
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wherein the system is arranged to cause influences of respective second signals on the output signal to be determined
at least partly in accordance with the loaded values of the at least one parameter.

[0035] This embodiment is thus used to find appropriate parameter values for use in systems manufactured to carry
out a method of obtaining the first signal by obtaining at least two second signals representative of intensities of captured
electromagnetic radiation, each corresponding to a respective different radiation frequency range, and applying the
transformation to the second signals produces an output signal of which any value is based on values from eachrespective
second signal at corresponding points in time.

[0036] In an embodiment, the analysis and the selection of at least one parameter value is carried out continually
whilst processing the second signals to obtain the first signal.

[0037] Thus, this embodiment provides a method that continually adapts to ensure that a first signal is provided in
which the periodic component of interest is relatively clearly defined.

[0038] In an embodiment, the at least one time-varying factor includes a factor obtainable by calculating a linear
combination of corresponding values from each of at least one of the second signals, and the same value of that factor
is used in each of the parallel sequences of operations.

[0039] An effect of this embodiment is to carry out a normalization with respect to illumination variations unrelated to
the periodic phenomenon of interest. Because the signals in the different color channels (the second signals) are affected
to essentially the same degree by such variations, any linear combination will result in at least a degree of removal of
the modulation due to the illumination variations.

[0040] In avariant of this embodiment, the parameters corresponding to a respective one of the variables determining
influences of at least components of respective second signals on the output signal when the signals corresponding to
the second signals are captured and the transformation is applied include at least one coefficient of the linear combination.
[0041] In this embodiment, the factor can be given a value that results in a transformation to a plane in color space
that is generally parallel to a line in color space that corresponds to variations due to the periodic phenomenon of interest.
For example, in the case of remote photoplethysmography, pulsating blood flow due to the heartbeat and/or respiration
of a subject represented in a sequence of color images will cause variations in the color of exposed skin of the subject.
In the absence of noise due to other causes of color changes in the images, these variations are along a line in color
space. The projection onto a parallel plane will tend to remove the variations due to the other causes.

[0042] In a variant in which each second signal comprises a sequence of image frames comprised of pixel values
representative of intensities of captured electromagnetic radiation in an associated frequency range, the operations in
the parallel sequences are carried out per pixel, with a factor value calculated for each pixel position.

[0043] Inanotherembodimentofthe method, foratleastone of the factors, separate values at corresponding associated
points in time are calculated for each of the parallel sequences, each obtained from multiple values of the second signal
taken as input by the sequence concerned, the multiple values being associated with respective points in time spanning
an interval including the point in time associated with the factor value.

[0044] An effectis to carry out a color normalization. Because the factor values are each obtained from multiple values
of the second signal taken as input by the second sequence concerned, the multiple values being associated with
respective points in time spanning an interval including the point in time associated with the factor value, the relatively
slowly varying background color changes can be removed. Those associated with the phenomenon of interest, e.g.
pulsating blood flow of a subject represented in image signals corresponding to the second signals, remain.

[0045] In a variant of this embodiment, calculating the factor value includes calculating an average of second signal
values associated with at least two points in time.

[0046] Averaging removes the influence of variations.

[0047] In a further variant, the second signals are discrete in time, and the calculation of each factor value includes
taking an average of second signal values associated with at least two points in time, of which one corresponds to a
point in time associated with the factor value.

[0048] The point in time associated with the factor value is the point in time associated with the signal value to which
factor value is applied in the relevant operation in the sequence of operations. An effect of this variant is to ensure that
the average as closely approximates an instantaneous average value as possible, so that faster background variations
can be removed more accurately.

[0049] According to another aspect, there is provided a system for obtaining a first signal for analysis to characterize
at least one periodic component thereof according to the invention includes:

an interface for obtaining input signals representative of intensities of captured electromagnetic radiation, each
corresponding to a respective different radiation frequency range, and a data processing system adapted to apply
a deriving an output signal from the input signals by applying a transformation to the input signals such that any
value of the output signal is based on values from each respective input signal at corresponding points in time, the
final signal being derivable from the output signal;
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wherein the transformation includes analyzing the input signal and at least one of:

a) for at least on of the input signals, calculating a time-varying factor based on values of the input signal over a
part of the series of points in time and, at for each point in time in that part of the series of points in time, normalising
the input signal using the factor, and

b) for each point in time, calculating a factor from at lease one of the input signals and normalising the input signal
using the factor.

[0050] In an embodiment, the system is configured to carry out a method according to the invention.

[0051] According to another aspect of the invention, there is provided a computer program including a set of instructions
capable, when incorporated in a machine-readable medium, of causing a system having information processing capa-
bilities to perform a method and its variants herein provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0052] The invention will be explained in further detail with reference to the accompanying drawings, in which:

Fig. 1 is a block diagram of a system for extracting information from a signal obtained by applying a transformation
to at least two second signals representative of intensities of captured electromagnetic radiation, each corresponding
to a respective different radiation frequency range;

Fig. 2 is a flow chart of a method carried out by the system;

Fig. 3 is a diagram illustrating the transformation applied by the system;

Fig. 4 is a flow chart illustrating some steps carried out by the system to obtain a signal for analysis to characterize
at least one periodic component thereof in a first variant;

Fig. 5 is a flow chart illustrating some steps in carried out by the system to obtain a signal for analysis to characterize
at least one periodic component thereof in a second variant; and

Fig. 6 is a flow chart illustrating an alternative method of obtaining a first signal for analysis to characterize at least
one periodic component thereof.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0053] A system for carrying out remote photoplethysmography is illustrated by way of example in Fig. 1. Photop-
lethysmographic imaging is based on the principle that temporal variations in blood volume under the skin lead to
variations in light absorption by the skin. Such variations can be detected and measured by taking images of an area of
skin and calculating the pixel average over a selected region. They can also be detected by illuminating a selected area
of skin with light and measuring the intensity of reflected light with a photosensor. In the example used herein, the system
of Fig. 1 is arranged to determine the value of the heart rate of a living being. However, the same system can be used
to characterize the phase and/or frequency of some other periodic biological phenomenon, e.g. the respiration rate or
oxygenation level.

[0054] It is noted that the system illustrated in Fig. 1 and the principles to be explained below can also be used to
acquire non-biological temporally vibrating or pulsating signals from images. Examples of suitable applications include
the monitoring of industrial equipment and processes to predict impending failure by analyzing vibrations and remote
detection of the number of revolutions per second of the engine in a motor vehicle to determine its speed. In all these
examples, as in the example to be explained in detail herein, a method is used that is robust to changes in illumination
and to motion unrelated to the periodic phenomenon to be analyzed.

[0055] Intheillustrated embodiment, the system includes a data processing system 1, which can be a general-purpose
computer provided with appropriate interfaces or a dedicated device. The data processing system 1 includes a data
processing device 2 and main memory 3, as well as a mass-storage device 4. It further includes at least an interface 5
to an output device 6.

[0056] The data processing system 1 of the example is arranged to acquire a sequence of images from a video camera
7 via an interface 8. More exactly, the data processing system 1 is arranged to receive a plurality of sequences of image
frames inrespective color channels. The images frames in a particular color channel comprise pixel values representative
of intensities of captured electromagnetic radiation in a particular range of the electromagnetic spectrum. This is due to
color filters comprised in the video camera 7.

[0057] The sequences of image frames in the different color channels are generally synchronized, in the sense that
one image frame from each channel is associated with a particular point in time. If the video camera 7 has only one
photosensor array, there will be a slight shift in time between the associated image frames, but the shift will be an order
of magnitude smaller than that corresponding to the frequency with which complete images are captured. Generally,
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however, the video camera 7 will have multiple photosensor arrays, so that the image frames can be captured simulta-
neously. In an alternative embodiment, multiple video cameras are used.

[0058] Itis noted thatthe system can also use photosensors 9-11 with appropriate filters to obtain signals representative
of intensities of captured electromagnetic radiation, each corresponding to a respective different frequency range. The
signals from the photosensors 9,10,11 are received by the data processing system 1 through an interface 12. In one
variant of such an embodiment, a first sensor 9 is arranged to capture red light, a second sensor 10 blue light and a
third sensor 11 green light. In an alternative embodiment, one of the sensors 9-11 is arranged to capture a signal
(analogue or digital) comprising intensity values of captured electromagnetic radiation in a part of the electromagnetic
radiation spectrum corresponding to a wavelength in air in only a range comprised in a range between 500 nm and 600
nm. This corresponds to the green part of the visible spectrum.

[0059] In the same or another embodiment, one of the sensors 9-11 is tuned to a frequency corresponding to a peak
in the absorption spectrum of water. Suitable frequencies in the visible part of the spectrum are those corresponding to
a wavelength in air of 514, 606, 660 or 739 nm. In an alternative variant, one of the sensors 9-11 is tuned to a frequency
just outside the visible part of the spectrum (that is in the near infra-red). In particular, the sensor can be tuned to a
frequency corresponding to a wavelength in air of 836 nm or 970 nm. Silicon photosensors are particularly sensitive to
radiation in the range between 800 and 1000 nm, so that such an embodiment results in a strong captured signal. Silicon
photosensors are relatively cheap and common. Although both the video camera 7 and the photosensors 9-11 are shown
in Fig. 1, it will be understood that the system can generally use only one of these modalities for capturing signals
representative of intensities of captured electromagnetic radiation corresponding to different respective radiation fre-
quency ranges. The present description will proceed on the basis of the embodiment using the video camera 7.
[0060] In one embodiment, a standard video camera 7 with Red, Green and Blue channels is used. In another em-
bodiment, the channels can be Cyan, Yellow and Magenta.

[0061] One embodiment uses an adapted video camera 7 with a filter that admits light within only a limited range
comprised in the range of frequencies corresponding to wavelengths in air of between 500 nm and 600 nm. This means
that image frames in this channel comprise pixel values corresponding to captured intensities of green light.

[0062] Another embodiment comprises an adapted video camera 7 with a filter tuned to a peak in the absorption
spectrum of water. In particular, the filter may be tuned to a frequency corresponding to a wavelength in air of 514, 606,
660 or 739 nm. Where it is desirable to use the system of Fig. 1 in relatively dark situations, the filter can be tuned to a
frequency just outside the visible part of the spectrum (that is in the near infra-red). In particular, the sensor can be tuned
to a frequency corresponding to a wavelength in air of 836 nm or 970 nm. This has the effect that a video camera 7 with
a conventional CMOS or CCD array can be used. Such sensors are particularly sensitive to radiation in the range
between 800 and 1000 nm, so that such an embodiment results in a strong captured signal. When used to capture
images of one or more living beings, the pixel values in this channel vary relatively strongly with blood plasma flow. It is
thus possible to extract a first signal with a relatively strong component having a frequency corresponding the living
being’s heart rate, as will be explained.

[0063] In the illustrated embodiment, the system of Fig. 1 is provided with an (optional) set of light sources 13-15,
each tuned to a particular frequency range. In an embodiment, the light sources 13-15 are tuned to frequencies or
frequency ranges corresponding to those of the channels of the video camera 7. The data processing system 1 is
configured to control the intensities of light emitted in the respective frequency ranges by means of an appropriate
interface 16. In an further embodiment, the data processing system 1 the light sources 13-15 are tunable, and the data
processing system 1 is arranged to select appropriate parameter values controlling the range of the electromagnetic
spectrum within which the light sources 13-15 emit light. This can be combined with appropriate tunable filters for the
video camera 7.

[0064] Fig. 2 shows steps in a first method carried out by the data processing system 1 that will be explained also with
reference to Fig. 3. In a first step 17, the data processing system 1 loads sequences 18-20 of image frames from each
channel. The sequences 18-20 are synchronized in the sense that a particular point in time corresponds to one image
frame from each sequence 18-20. Each sequence thus forms a signal, to which a transformation is applied in order to
obtain a single output signal. The transformation is of such a nature that each value of the output signal is based on
values from each respective second signal at corresponding points in time.

[0065] That said, the transformation comprises multiple operations, some of which only take an image frame from one
ofthe sequences 18-20 as input. In the illustrated embodiment, the method includes a step 21 of carrying out an operation
22a-c (Fig. 3) in parallel on one frame from each of the respective sequences 18-20. The operation 22a-c is a parame-
terized operation 22a-c, meaning that it takes a parameter value as a further input, which parameter value is set separately
for each of the respective channels. Generally, it will therefore be different for each of the respective channels. The
operation 22a-c can be a non-linear operation, as is illustrated in Fig. 3. An example of several suitable operations is a
gamma encoding operation (V,,; = V,,7), with a separate gamma value being used for each channel. The output of this
step 21 comprises three parallel sequences 23-25 of individually processed image frames.

[0066] A next operation 26 is carried out (step 27) on the sequences 23-25 provided as output in the previous step
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21. This operation 26 is an operation taking at least two inputs based in different ways on the sequences 23-25 of
individually processed image frames. In the example, the inputs correspond directly to the sequences 23-25. In the
example, the operation 26 is a matrix operation. It transforms three image frames into a single image (i.e. an array of
values based on pixel values), so that the sequences 23-25 of individually processed image frames are transformed
into a single image sequence 28. This step 27 is implemented such that image frames corresponding to a common point
in time are used as input.

[0067] The output of the matrix operation 26 is subsequently processed (step 29) in a further non-linear operation 30.
This can again be a gamma encoding operation. The result is an output sequence 31 of images (i.e. arrays of values
based on pixel values). From the output sequence 31, at least one signal is extracted (step 32) for analysis to characterize
at least one periodic component thereof. The extracted signal is in the form of a sequence of single values, as opposed
to a sequence of arrays of values. Each value is based on multiple pixel values from one image in the output sequence 31.
[0068] In an alternative implementation of the method illustrated in Fig. 3, the step 21 of carrying out an operation
22a-c (Fig. 3) in parallel on one frame from each of the respective sequences 18-20 does not use a gamma encoding
operation. Rather, the operation 22a-c comprises taking the logarithm of the pixel values of the sequences 18-20. In
this alternative implementation, the operation 22a-c need not necessarily be parameterized, but it is of course non-linear.
Also in this implementation, the output of the step 21 of carrying out the non-linear operation 22a-c in parallel, frame-
by-frame on the respective sequences 18-20 comprises three parallel sequences 23-25 of individually processed image
frames.

[0069] Taking the logarithm is useful for removing signal components due to changes in illumination affecting all the
channels. Such changes result from movement of the illuminated subject (e.g. resulting in a shadow falling over an entire
region of interest in the frames and/or from changes in background illumination). They are generally multiplicative, in
the sense that the signal of interest in each of the channels is multiplied by a modulating factor representative of brightness
changes and any changes in the spectrum of the source of illumination. By taking the logarithm, the background illumi-
nation becomes additive, making it easier to remove in, for example, the subsequent matrix operation 26. The matrix
operation 26 can, for example, involve a projection on a plane in color space that leads to the complete or partial removal
of the modulating signal representative of luminance changes. Taking the logarithm does not appreciably affect the
signal of interest, i.e. the signal to be extracted from the output sequence 31 of images, because the signal of interest,
as will become clear has relatively small variations. Thus, the logarithm approximates to that signal, which will be
appreciated by looking at the Taylor expansion of the natural logarithm (In z = (z-1)-Ya(z-1)2 + ...).

[0070] In a further embodiment (not shown in detail in Fig. 2), the matrix operation 26 is preceded by an operation in
which the effects of certain variations in conditions that affect all color channels in a generally equal measure are reduced
oreliminated. Forexample, inremote photoplethysmography, ambientillumination changes, changes in skin transmission
and imperfect tracking of regions of interest can lead to modulations of the signals in each of the color channels in the
same way. This effect is reduced or removed by dividing each of corresponding pixel values of associated frames of the
respective sequences 18-20 by a value that is a linear combination of the pixel values from each of the sequences 18-20.
Itis noted that embodiments are possible in which all but one of the coefficients of the linear combination are equal to zero.
[0071] One can write the sequences 18-20 of image frames in the different respective color channels as follows:

I(F1)=|G.(%.1)|, (1)

with X being the location of a pixel in a frame, and t being a point in time corresponding to a frame in each respective
sequence 18-20. The removal or reduction of the effect of luminance variations in the step 21 preceding the matrix
operation 26 can then be written as follows:

_— 1 o
&)= e g e i) @

[0072] Itis noted that this is a parameterized operation, and that the values of the coefficients a, 3, y can be optimized
by analyzing atleast one of the signals represented by the sequences 18-20, the signal resulting from the matrix operation
26 or the signal extracted from the latter signal. However, in general, any set of coefficient values will provide an effect,
including a combination in which two of these coefficients have the value zero.

[0073] Implementations of the step 32 of extracting at least one signal for analysis to characterize at least one periodic
component thereof will now be described.
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[0074] A first example of an extraction method is illustrated in Fig. 4. Some steps have been omitted for clarity. The
order of steps can be varied to a certain extent and certain steps can be carried out at an earlier stage than shown. In
particular, certain steps can be carried out at the stage when the image sequences 18,19,20 received from the video
camera 7. The illustrated method commences by obtaining (step 33) the output sequence 31 resulting from the last non-
linear processing step 29 shown in Fig. 2. In a next step 34, the images are processed to remove non-periodic background
signals. In an implementation of this step 34, a correction signal corresponding to the average brightness of part or all
of the images in the sequence 31 is formed. The pixel data are then decorrelated from the correction signal. Algorithms
for canceling non-linear cross-correlations are known per se. Further image processing can take place in this step 34,
e.g. to compensate for camera motion.

[0075] In the method of Fig. 4, a region of interest 35 is tracked (step 37) through the sequence 31 of images. The
region of interest 35 is selected to correspond to a part of the images representing exposed skin of part of a living being,
e.g. the face. A suitable algorithm for selecting such a region of interest 35 is described e.qg. in Viola, P. and Jones, M.J.,
"Robust real-time object detection”, Proc. Of IEEE Workshop on statistical and computational theories of vision, 13 July
2001. Other techniques can be used instead of or in combination with this technique.

[0076] The region of interest 35 is tracked throughout the sequence 31. A suitable tracking algorithm is described in
De Haan et al., "True-motion estimation with 3-D recursive search block matching", IEEE Transactions on circuit and
systems for video technology, 3 (5), October 1993, pp. 368-379. Other tracking algorithms can be used alternatively or
in combination with this tracking algorithm.

[0077] In the illustrated embodiment, a measurement zone 36 is selected (step 38) within the region of interest 35.
The measurement zone 36 is selected by means of a spatial and/or temporal analysis of a plurality of image parts, each
one or more image points in size, to determine a set of contiguous parts having similar characteristics. A suitable algorithm
is an algorithm for selecting a region with minimal gradient variations. The position of the measurement zone 36 is
determined relative to the region of interest 35 in a key image, so that it can subsequently be located in each of the
images of the sequence 31.

[0078] Next (step 39), values associated with individual image points within the measurement zone 36 are combined
for each image, so that a brightness signal 40 is obtained. A suitable combination operation is averaging. This signal
40 is a time-varying signal, since each value corresponds to an image in the sequence 31 and each image in the sequence
31 corresponds to a particular point in time.

[0079] This brightness signal 40 is then converted (step 41) into a final signal 42 representative of at least variations
in a value based on pixel values from the sequences 18-20 obtained from the video camera 7. In an implementation of
this step 41, the brightness signal 40 is centered on its mean value. In a different implementation, this step 41 comprises
a filtering operation, e.qg. a filtering operation corresponding to differentiation of the average brightness signal 40. Other
alternative techniques for extracting variations of the order of 1 % of the dynamic range of the brightness signal 40 are
also possible.

[0080] Thefinalsignal42 isanalyzed (step 43)to characterize one or more periodic biological phenomena. In particular,
a spectral analysis is used to determine one or more local maxima in its spectrum, at least within a range of frequencies
known to comprise typical heart rate values and/or respiration rate values for the living beings of interest (e.g. human
beings). In an alternative embodiment, a heart rate extraction method in the time domain is used.

[0081] It is observed that a single region of interest 35 and a single measurement zone 36 have been described for
illustrative purposes. In other embodiments, multiple regions of interest within the sequence 31 are tracked and/or
multiple measurement zones within one region of interest are used to obtain multiple final signals. Clustering algorithms
or the like can then be used to arrive at a consensus value for the heart rate, for example.

[0082] Fig. 5 illustrates an alternative method of processing the sequence 31 of images obtained using the method of
Fig. 2. Again, certain steps have been omitted for clarity, the order of steps can be changed and certain steps can already
be carried out at the stage illustrated in Fig. 2.

[0083] Initial steps 44,45 are similar to the first steps 33,34 of the method of Fig. 4. Thus, the sequence 31 of images
generated using the method of Fig. 2 is obtained (step 44) and corrected (step 45).

[0084] However, in a next step 46, a grid is laid over each of the images in the sequence 31. The grid partitions the
images into an array of (potential) measurement zones. Each measurement zone includes a plurality of image points,
i.e. pixel locations.

[0085] Then(step47),atleastone, butgenerally allofthe measurementzones are selected, and, for each measurement
zone, a respective signal 48a-n corresponding to the time-varying spatial combination of pixel values at image points in
the measurement zone concerned is formed. The spatial combination can be an average, mean value or other type of
combination. In any case, the value of one of the signals 48a-n at a particular point in time is based on multiple pixel
values from the image in the sequence 31 corresponding to that point in time. Thus, random noise (as opposed to noise
due to camera motion or movement of objects in the represented scene) is cancelled.

[0086] Each of the signals 48a-n is then centered on its mean value (step 49) to yield a final signal 50a-n for analysis
to characterize at least one periodic component thereof. Again, instead of centering the signals 48a-n on their mean
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value, a different operation for extracting small-amplitude variations, such as differentiation, can be used.

[0087] The analysis of the final signals 50a-n is carried out in a last step 51. In this example, the dominant frequency
in a particular frequency range is determined. In other applications, a phase map is created for a particular frequency
(if a final signal 50a-n is created for each measurement zone defined by the grid).

[0088] The methods described above with reference to Figs. 2, 4 and 5 allow for robust continuous monitoring of
biometrical signals of people. Moreover, there is minimal interference with the monitored person’s daily activities, due
to the remote nature of the monitoring. The method can thus be used to provide virtually immediate feedback on a
person’s mental and physical condition at any instance in time. The method does not require the person being monitored
to wear annoying body sensors.

[0089] Conventional remote photoplethysmographic methods are limited to remote monitoring of persons within a
range of about 1 meter of the video camera 7. Moreover, the subject being monitored should not move, and the illumination
should be constant during the acquisition of the video signal.

[0090] Steps 52,53 illustrated in Fig. 2 enable the system of Fig. 1 to provide final signals 42,50a-n with increased
signal-to-noise ratios, at least in as far as the components corresponding to the periodic signals to be analyzed (the
components indicative of pulsating blood flow in the example of remote photoplethysmography) are concerned. In
particular, the robustness to noise introduced by movement of the video camera 7, movement of the person being
monitored and variations in illumination is improved.

[0091] To this end, the system analyses (step 52) at least one of the sequences 18-20 of image frames received from
the video camera 7, the sequences 23-25 of individually processed image frames, the image sequence 28 resulting
from the matrix operation 26, the output sequence 31 of images, the extracted signal 40,48 and the signal 42,50a-n,
and determines (step 53) appropriate values to provide a set 54 of parameter values for each instance of the first operation
22a-c, the matrix operation 26 and the further non-linear transformation operation 30. Alternatively or additionally, pa-
rameters for deriving values of control signals determining the relative intensities and/or frequencies of light emitted by
the different tuned light sources 13-15 and/or filter coefficients determining the relative attenuations and/or or pass band
of light captured by the sensors 9-11 can be included in the set 54 of parameter values.

[0092] The parameter values are chosen to optimize the ratio of the wanted signal component (representative of blood
volume pulsations) to unwanted signal components (due to illumination changes or motion).

[0093] In one embodiment, the data processing system actually calculates the signal-to-noise ratio using the final
signals 42,50a-n and adjusts the parameter values using an exhaustive or directed search method so as to maximize
the calculated signal-to-noise-ratio.

[0094] In another embodiment, the data processing system 1 carries out a principal component analysis using only
the sequences 18-20 of image frames in the color channels or the individually processed sequences 23-25. Coefficients
for the matrix operation are then chosen to be orthogonal to the principal components that are unrelated to the signal
component of interest, i.e. the component representative of the heart rate and/or respiration rate.

[0095] In the illustrated embodiment, the steps 52,53 are carried out continually whilst the signals represented by the
sequences 18-20 are being processed. This embodiment is suitable for situations in which ambient lighting condition
change.

[0096] In an alternative embodiment, a system as shown in Fig. 1 is used to obtain a set 54 of parameter values for
subsequent use in one or more other systems that carry out only the steps 17,21,27,29,32 that result directly in the
signals 42,50a-n for analysis to characterize at least one periodic component thereof. Thus, a method of manufacturing
such other systems includes configuring the systems with the set 54 of parameter values previously obtained using test
signals and the full method of Fig. 2. Those systems, like the system carrying out the full method of Fig. 2, are able to
extract a signal including a component carrying information representative of a periodic signal that is relatively strong.
[0097] A further embodiment of a method of carrying out remote photoplethysmography is illustrated in Fig. 6. This
method can be regarded as an alternative to the method of Fig. 2, and is likewise carried out by the data processing
system 1.

[0098] This method also takes as input a plurality of sequences 55-57 of image frames in respective color channels,
corresponding to the sequences 18-20 illustrated in Fig. 2 and discussed above. Each image frame is comprised of pixel
values representative of intensities of captured electromagnetic radiation in a frequency range associated with the
sequence 55-57 concerned, a different respective frequency range being associated with each of the sequences 55-57.
The sequences 55-57 are synchronized, in that a particular point in time corresponds to one image frame of each
sequence 55-57. Each sequence 55-57 thus forms a signal, also referred to as a second signal herein. The image frames
correspond to images of at least one living being, preferably a human being, with exposed skin. In the following detailed
explanation, it will be assumed that complete image frames are processed, but the method of Fig. 6 can also be carried
out on one or more tracked regions of interest, each the result of a segmentation operation aimed at identifying parts of
the image frames representing exposed skin.

[0099] Thesequences 55-57 ofimages frames are obtained in a first step 58, after which they are processed in parallel.
That is to say that each forms an input to a respective sequence of at least one operation. At least one operation in each
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sequence involves the application of a factor of which the value is based on at least one value calculated on the basis
of pixel values from the images frames in the sequences 55-57 themselves. These factors determine the relative influ-
ences of at least components of the sequences 55-57 on a final signal that is used to extract heart rate or respiration
rate information (in a photoplethysmography application).

[0100] In the illustrated embodiment, color normalization (step 59) is carried out first, but the order of the operations
in the sequence of operations can in principle be different. The color normalization step 59 is carried out to normalize
the average skin tone within a time interval, and thus to eliminate the effects of slow changes in the illumination spectrum
and of slow changes in the average skin tone due to motion. Motion can lead to changes in the average skin tone when
pixels representing skin are imperfectly tracked. It can alsolead to changes in the average skin tone when the environment
in which the depicted subject moves is not illuminated uniformly, e.g. due to the presence of multiple light sources with
different spectra or to colored reflective surfaces.

[0101] The color normalization step 59 in effect transforms the color space defined by the camera 7 to a normalized
color space in which slow color changes have no effect. An effect of this normalization is (ideally) to provide a vector in
a normalized color space that moves in parallel to a fixed line representative of color changes due to blood volume
pulsations (the "heartbeat line").

[0102] Assuming that the sequences 55-57 of image frames correspond to Red, Green and Blue color channels, one
can write the color change T-I'C(},t) registered by the camera 7 at a pixel position X and point in time t as follows:

L R.(%,1)
A= T80 16 s o
B.(%,1)

[0103] The change in color due to varying blood volume (the phenomenon of interest in the case of remote photop-
lethysmography) is modulated by the local skin tone of the skin covering the blood volume and by the illumination sources.
This is a multiplicative process, so that appropriate normalization will lead to demodulation.

[0104] The color normalization step 59 includes dividing the instantaneous color components by the corresponding
time-average of the red, green and blue values. Instead of the average, a different combination of multiple values
associated with respective different points in time spanning the point in time associated with the point in time for which
the combination is being calculated could be taken. An example is the median value. The result of the color normalization
step 59 is formed by three parallel sequences 60-62 of color-normalized images. The operation can be written as follows:

il
R,(%.1) -V
7= 6,50 |2 G4 | @

whereinTn (;,t) is a normalized color vector, and _R)C(t), 6C(t), EC(t) are time-varying factors calculated separately for each

of the parallel sequences 55-57 of image frames.
[0105] In one alternative variant to the one discussed herein, separate factor values R(x,f), G/(x.f), B(x, f) are cal-

culated and applied for each pixel position (i.e. there is no spatial combination).
[0106] In the illustrated variant, the factors R(f), G(f),B(f) are calculated on the basis of pixel values at multiple pixel

positions within each of one or more regions of interest, and applied to pixels associated with positions within this region
of interest. Thus, they can be written as follows:

11
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o 1 t+e R

Rc(t) = Mt'[giRC(x,Z)dde ’

- 1 t+& -

G.(t)= T, j )[ G.(%,z)dxdz , and (5)
- 1 e -

Bc(t) = MZJ.J(BC (x, z)d)?dz,

wherein |X] corresponds to the area of the region of interest X.

[0107] Of course, the data processing device 2 will process time-discrete signals. Although the average over time can
use pixel values from more than two points in time, a simple and relatively accurate approximation uses pixel values
from two successive points in time. One of these can correspond to the point in time for which the factor value is being
calculated. In one example of an implementation of such a step, this can be written as:

1,,(x1)= TE T T (6)

[0108] Note that the region of interest corresponds to one single pixel position in this variant.

[0109] The color normalization step 59 should result inimage frames of which the values of the pixels obey a Gaussian
distribution. In a variant, those pixels with outlying values are not used to obtain a final signal (also referred to as "first
signal" herein) for analysis to characterise at least one periodic component thereof. Additionally or alternatively, the
method is applied iteratively. After color normalization, a region with the most stable distribution of pixel values over time
is used as region of interest. Alternatively, the largest region could be used. In both alternatives, the fact that image
parts representing exposed skin of a single living being should have a Gaussian distribution is used to segment the
image frames. A color normalization factor appropriate to one of these segments is calculated and applied to pixel values
associated with pixel positions in only that segment.

[0110] As illustrated in Fig. 6, the sequences 60-62 of color-normalized images undergo further processing in a next
step 63, in which illumination normalization is carried out. It is noted that this step 63 can precede the color normalization
step 59, and that one of these two normalization steps 59,63 can be omitted in some variants.

[0111] The illumination normalization step 63 takes account of the near impossibility of accurately tracking pixels
through the sequences 55-57 of images, although it should generally be possible to segment out all those pixels repre-
senting exposed skin. However, variations in illumination strength and transmission of the skin will still show up when
individual pixels are not tracked perfectly. lllumination normalization helps remove these effects. It also helps remove
changes in brightness that are due to movement, rather than pulsating blood flow of the subject shown in the images.
[0112] The illumination normalization step 63 results in three further normalized sequences 64-66 of images. It can
be represented mathematically as follows:

e 1 -
W)= e G e g

[0113] The parameters a, B, y can have any value. Indeed, one or two of them can have the value zero. However,
there is theoretically an optimum choice of values, which is that combination that causes the resulting normalized pixels
to lie in a plane parallel to the heartbeat line in the normalized color space. In one embodiment, an analysis is carried
out in order to select optimized values of the parameters «, f3, y.

[0114] In a subsequent step 67 of the illustrated method, difference signals are established by subtracting from each
current pixel value the value at the corresponding pixel position at the immediately preceding point in time, resulting in
three sequences 68-70 of frames of difference values. It is noted that this step 67 can be combined with, for example,
the color-normalization step 59, so that Equation (6) is modified to:
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[c,d (56’ t) - ]c,d (f’t - 1)
I(E0)+1 ,(%1-1)

H,,(x1)= )

[0115] The illustrated step 67 is the last in the parallel sequences of operations taking the sequences 55-57 of image
frames (the "second signals") as input.

[0116] There follows a further step 71, in which an operation is carried out that combines normalized difference signals
into a single signal of which each value is based on values from the respective normalized difference signals at corre-
sponding points in time. In the illustrated embodiment, this step 71 involves a projection onto a line in the normalized
color space that corresponds to color variations due to the pulsating blood flow of a living being. Any noise orthogonal
to this line is eliminated in this step 71, which results in a single sequence 72 of frames. In a variant, outliers are also
eliminated in this step 71.

[0117] Then, an optional post-processing step 73 is applied. This step 73 can involve such operations as bandpass
filtering. The result is a sequence 74 of post-processed image frames.

[0118] Finally (step 75), at least one combination signal 76 is established. This signal is based on signals at multiple
pixel positions, the result of processing them to obtain a consensus value. This step 75 can involve clustering, averaging,
determining a median value, further outlier removal, and the like. This step 75 results in a stronger signal with a better
signal-to-noise ratio. Fourier analysis can be applied to characterize at least one periodic component, e.g. the periodic
component corresponding to the heartbeat signal or respiration signal.

[0119] In an alternative embodiment, the post-processing step 73 already involves a transformation from the time
domain to the frequency domain.

[0120] The effect of the embodiments described above is to enable images captured with a relatively uncomplicated
and inexpensive camera 7 to be used to characterize periodic phenomena that results in almost imperceptible colour
variations in regions of interest within the image frames. The characterization is relatively reliable, because variations
due to other influences are eliminated or at least suppressed.

[0121] It should be noted that the above-mentioned embodiments illustrate, rather than limit, the invention, and that
those skilled in the art will be able to design many alternative embodiments without departing from the scope of the
appended claims. In the claims, any reference signs placed between parentheses shall not be construed as limiting the
claim. The word "comprising" does not exclude the presence of elements or steps other than those listed in a claim. The
word "a" or "an" preceding an element does not exclude the presence of a plurality of such elements. 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.

[0122] An embodiment in which both the video camera 7 and the sensors 9-11 are used is also possible, for example.
Another embodiment in which a further camera is used in addition to the video camera 7 is also possible. For example,
a thermal camera can provide a signal in one channel with the video camera 7 providing a signal in another channel.

Claims

1. A method for remote photoplethysmography facilitating obtaining a final signal (42;50a-n;76) for analysis to char-
acterize a periodic component thereof, the periodic component corresponding to a biological phenomenon in a living
being, including:

obtaining input signals (18-20;55-57) in a sequence of image frames representative of intensities of captured
electromagnetic radiation, each corresponding to a respective different radiation frequency range over a series
of points in time,

deriving an output signal (31; 72) from at least one of the input signals (18-20;55-57) by applying a transformation
(22,26,30;59,63,67,71) to the at least one of the input signals (18-20;55-57) such that any value of the output
signal (31;72) is based on values from each respective input signal (18-20;55-57) at corresponding points in
time, the final signal (42;50a-n;76) being derivable from the output signal (31;72);

wherein the transformation includes analyzing the input signal and at least one of:
a) for the input signal, calculating a time-varying factor based on values of the input signal over a part of the
series of points in time and, at for each point in time in that part of the series of points in time, normalising the

input signal using the factor, and
b) for each pointin time, calculating a factor from the input signal and normalising the input signal using the factor.
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The method of claim 1 wherein the time varying factor is calculated using a time-average and/or a median value of
at least on of the input signals.

The method of any of claims 1 - 4 wherein the transformation further comprises establishing a plurality of difference
signals by subtracting from a value of each pixel of an image frame the value of a corresponding pixel position in
an image frame of an immediately preceding point in time.

The method of claim 1, wherein the transformation comprises selecting a value (54) of a parameter and applying
the parameter in a parameterised operation.

The method of claims 4 wherein the parameterised operation is applied in parallel to the input signals and wherein
each signal has a parameter value that is set seperately.

The method of any of claims 1 to 5 comprising, at each point in time, taking a logarithm of at least one of the input
signals.

The method of any of claims 1 to 5 further comprising a parameterised non-linear operation performed on at least
one of the input signals and wherein each signal has a parameter value that is set seperately.

The method of any of claims 1 to 5 and 7 wherein a non-linear operation is applied to the output signal.
The method of either of claims 7 or 8 wherein the non-linear operation is a gamma encoding operation.

The method of any of claims 5 to 9 wherein at least one of the input signals and the output signal and the final signal
are analysed and the parameter is selected and applied to the output signal so as to increase a signal to noise ratio
of the final signal.

The method of claim 1, wherein the analysis includes carrying out a principal component analysis on data sets
respectively based on a plurality of input signals (18-20).

The method of any of claims 1 to 11, wherein the analysis of the input signals (18-20;55-57) and/or an output signal
(31;72) and/or afinal signal (42;50a-n;76) and the selection of a parameter value (54) is carried out continually whilst
processing the captured signals (18-20) to obtain the final signal (42;50a-n).

Method according to claim 1, wherein the at least one time-varying factor includes a factor obtainable by calculating
a linear combination of corresponding values from at least one of the input signals (55-57), and wherein the same
value of that factor is used in each of the parallel sequences of operations.

A system for remote photoplethysmography for obtaining a final signal (42;50a-n;76) for analysis to characterize a
periodic component thereof, the periodic component corresponding to a biological phenomenon in a living being,
including:

an interface (8,12) for obtaining input signals (18-20;55-57) representative of intensities of captured electro-
magnetic radiation, each corresponding to a respective different radiation frequency range, and

a data processing system adapted to apply a deriving an output signal (31; 72) from the input signals by applying
a transformation (22,26,30;59,63,67,71) to the input signals (18-20;55-57) such that any value of the output
signal (31;72) is based on values from each respective input signal (18-20;55-57) at corresponding points in
time, the final signal (42;50a-n;76) being derivable from the output signal (31;72);

wherein the transformation includes analyzing the input signal and at least one of:
a) for at least on of the input signals, calculating a time-varying factor based on values of the input signal over
a part of the series of points in time and, at for each point in time in that part of the series of points in time,
normalising the input signal using the factor, and
b) for each point in time, calculating a factor from at lease one of the input signals and normalising the input

signal using the factor.

A computer program including a set of instructions capable, when incorporated in a machine-readable medium, of
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causing a system having information processing capabilities to perform a method according to any one of claims 1-13.
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