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Formation of a time-varying signal representative of at least variations in a value based on

pixel values

FIELD OF THE INVENTION

The invention relates to a method and system for forming a time-varying

signal representative of at least variations in a value based on pixel values from a sequence of

images. The invention also relates to a computer program.

BACKGROUND OF THE INVENTION

US 2009/0141 124 A l relates to a system and method for infrared video-based

vital sign measurement using subject alignment, signal enhancement and harmonic analysis.

In the method, contour segmentation is first performed to locate a blood vessel to be

measured. Then, the same set of segmentation parameters is used in all frames to segment the

corresponding region. After that, motion compensation is performed by aligning all pixels in

the selected region across frames based on the segmentations 's position and scale in each

frame. After the contour segmentation and motion compensation, spatial filtering is

performed to remove noise not related to heart beat, and non-linear filtering is then

performed to process the temporal signal corresponding to each aligned pixel sequence. The

signal spectrum of each pixel is then fed to a clustering algorithm for outlier removal. Pixels

in the largest cluster are then used to select the dominant frequency, and the median of the

dominant frequency is output as the pulse rate.

A problem of the known method is that the outlier removal does not function

well when the alignment of the segments has not been carried out accurately enough. In

certain situations, particularly where the differences between corresponding pixels are at or

below the quantization error of the pixel values, alignment is not accurate enough.

SUMMARY OF THE INVENTION

It is desirable to provide a method, system and computer program of the types

mentioned above that allow one to achieve a more accurate time-varying signal for use in

spectral analysis, e.g. to determine a value of a biometric parameter from a sequence of video

images.



To this end, according to one aspect of the invention there is provided a

method of forming a time-varying signal representative of at least variations in a value based

on pixel values according to the invention, which includes:

obtaining the sequence of images;

forming a plurality of groups of sub-sets of pixel values by selecting a sub-set

of at least one pixel value from each of at least two images defining an interval to form a

group of associated sub-sets,

wherein, for any pair of groups with only sub-sets from the same images, the

sub-sets from more than one image are different; and

selecting groups of sub-sets to form the signal in accordance with at least one

selection criterion,

wherein the selected groups of sub-sets cover different intervals, shorter than a

length of the sequence.

Because groups of sub-sets of pixel values from each of at least two images

are selected, it is possible to build differences, which is all that is required for spectral

analysis. Thus, the signal that is obtained by the method will be representative of at least

variations in color and/or intensity in at least a particular part of the image. This signal can

then be used to determine the heart rate or respiration rate of an individual represented in that

particular part of the image. By carrying out the selection step separately to cover different

intervals of the signal, different pairs of corresponding sub-sets can be used for different

intervals. For example, if a first sub-set is selected from a first image and a corresponding

sub-set from a second image, then that pair can be used in the signal. For a next interval of

the signal, corresponding to, for example, a next pair of images, a pair of corresponding sub

sets can be selected that does not correspond to the first sub-set from the first image. Only

small-signal variations are of relevance to determining the value of the periodic phenomenon

to be quantified (e.g. a biometric parameter such as the heart rate or respiration rate of a

person represented in the sequence of images). The method is based on this realization, in

that a region corresponding to a particular sub-set of pixels in a first image is not necessarily

tracked throughout the entire sequence of images to form the signal for use in determining a

value characterizing a periodic phenomenon. Rather, appropriate groups are selected for

different intervals, which are fused to form a signal longer than any of the groups. The

method therefore differs from a method in which a single region of interest is tracked

throughout the sequence of images in that, for any pair of groups with only sub-sets from the

same images, the sub-sets from more than one image are different.



In an embodiment, groups are formed by laying a grid over at least a region of

each of a plurality of images at least based on the obtained images to obtain spatio-temporal

volumes of pixel values, each comprising pixel values of each image within a corresponding

spatial aperture defined by the grid.

An effect is that it is not necessary to search for similar sub-sets in each of a

plurality of images. A group is simply formed of sub-sets at corresponding positions in two

or more images.

A variant of this embodiment includes, for each group, analyzing at least one

sub-set of pixel values defined by the spatial aperture to determine whether it represents a

part of a surface of a certain type.

The one or more sub-sets of pixels can in particular be analyzed to determine

whether they have characteristics that indicate that they represent part of an area of exposed

skin of a living being, more particularly, a human being. This embodiment is of use where

the method is being used in the context of a photoplethysmographic method. It helps make

sure that the time-varying signal represents variations in reflectance due to pulsating blood

flow in that context.

In an embodiment of the method, groups are formed by obtaining spatio-

temporal volumes of pixel values from a sequence of images at least based on the obtained

sequence of images, each volume comprising pixel values within a spatial aperture from each

image within an interval of the sequence, the method including using a different aperture for

groups defined on different intervals of the sequence.

This embodiment allows for an adjustment in particularly the size of the

aperture at different instances in time (corresponding to different intervals on the sequence of

images). It addresses the problem that having a large spatial aperture means that there are

more pixel values that can be combined so as to reduce random noise, but having a large

aperture also increases the chance that a group will not meet the at least on selection criterion

because of motion artifacts or illumination changes. In embodiments, the size of the aperture

depends on the uniformity of the sub-set of pixels within the aperture. The uniformity can be

determined using object segmentation, color segmentation and/or background-foreground

segmentation. This is useful, because it helps avoid situations in which temporal changes in a

value based on pixel values are detected that are not due to actual brightness variations of an

object represented in the images, but due to the fact that features move into the spatial

aperture over the duration of the spatio-temporal volume.



In an embodiment, groups are formed by obtaining spatio-temporal volumes of

pixel values from a sequence of images at least based on the obtained sequence of images,

each volume comprising pixel values within a spatial aperture from each image within an

interval of the sequence, the method including using a different interval length for groups

defined on different intervals of the sequence.

This embodiment addresses the problem that having long intervals can

increase the amount of processing that needs to be done but will allow one to detect motion

artefacts that can be removed.

In an embodiment, groups are formed by obtaining spatio-temporal volumes of

pixel values from a sequence of images at least based on the obtained sequence of images,

each volume comprising pixel values within a spatial aperture from each image within an

interval of the sequence, wherein evaluation of the at least one selection criterion includes at

least one of determining a measure of spatial uniformity and determining a measure of

temporal uniformity.

The measure of temporal uniformity can be limited to a certain frequency

range. This embodiment addresses problems of unstable measurements and vulnerability to

motion or illumination artifacts. By using a measure of spatial uniformity, one can select only

groups with uniform areas, i.e. those meeting a minimum absolute value of spatial uniformity

or those that are merely most uniform with respect to the other groups. Non-uniformity

quickly leads to motion artefacts, meaning that a temporal change in color or intensity

represented in a time-varying signal based on the pixel values in the spatio-temporal volume

is actually due to movement of a darker or lighter region into the spatial aperture defining the

spatio-temporal volume. Using a measure of temporal uniformity also helps prevent temporal

variations other than those of interest from entering the time-varying signal.

In an embodiment, groups are formed by obtaining spatio-temporal volumes of

pixel values from a sequence of images at least based on the obtained sequence of images,

each volume comprising pixel values within a spatial aperture from each image within an

interval of the sequence, and the method further includes extracting a signal section from

each selected group by combining multiple pixel values from each aperture into a value.

The combination step helps remove random noise. In a particular variant, the

extracting of a signal section includes obtaining a signal section representative of only

temporal variations of a value based on a spatial combination of pixel values. In particular,

these can be variations below a certain amplitude and/or within a certain limited frequency



range, wherein the maximum amplitude can be an absolute or a relative amplitude (for

example a maximum percentage of a moving average).

In a variant of this embodiment, the time-varying signal is formed by a fusion

operation taking the signal sections as input, and wherein the signal sections participate in the

fusion operation with different weightings determining an extent to which they affect the

time-varying signal.

This embodiment takes account of the fact that some signal sections include a

clearer component characteristic of the phenomenon of interest than others. For example,

some sections have a relatively clear component representative of variation in skin

reflectance due to blood flow. It can also be the case that certain signal sections are longer

than others, so that they carry more information. This can make it useful to emphasize these

sections in the fusion process.

In an embodiment of the method, the groups are formed by selecting a first

sub-set of at least one pixel value from a first image at least based on one of the obtained

sequence of images and locating a similar sub-set in each of at least one further image at least

based on a respective one of the obtained sequence of images.

Similar sub-sets correspond in what they represent to at least a certain degree,

at least after enlargement or reduction in size and/or rotation. This embodiment is useful in

capturing variations in pixel values of moving objects.

In an embodiment, a similar sub-set in at least one of the further images is

found by obtaining a predicted motion vector and modifying the predicted motion vector to

select candidate sub-sets for evaluation against at least one similarity criterion.

This embodiment is able to detect similar sub-sets with relatively high

accuracy, because it uses a separate motion vector per sub-set, but it is not very

computationally expensive, because it does not make use of an exhaustive search.

In an embodiment, forming the groups includes selecting sub-sets from only

limited regions of interest in each of a sequence of at least two images at least based on

respective images of the obtained sequence of images.

This embodiment is able to cope with sequences of images that represent

different objects of the same type, e.g. two living beings. Moreover, it is computationally

more efficient.

According to another aspect of the invention, there is provided a system for

forming a time-varying signal representative of at least variations in a value based on pixel

values from a sequence of images, the signal corresponding in length to the sequence of



images including:

an interface for obtaining the sequence of images; and

a data processing system arranged to:

form a plurality of groups of sub-sets of pixel values by selecting a sub-set of

at least one pixel value from each of at least two images defining an interval to form a group

of associated sub-sets, such that images are covered by at least two intervals; and to

select groups of sub-sets to form the signal in accordance with at least one

selection criterion,

wherein the selected groups of sub-sets cover different intervals, shorter than a

length of the sequence.

In an embodiment, the system is arranged to carry out a method according to

the invention.

According to a further aspect of the invention, there is provided a computer

program including a set of instructions capable, when incorporated in machine-readable

medium of causing a system having information processing capability to perform a method

according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

a time-varying signal;

Fig. 4 is an illustration of groups of sub-sets of pixel values obtained from

images covering a limited interval of a sequence of images; and

Fig. 5 is an illustration of an extraction of a signal section from a selected

group of sub-sets of pixel values.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Several embodiments of a system suitable for carrying out remote

photoplethysmography will be explained herein. Photoplethysmography is a method for



characterizing certain periodic physiological phenomena using skin reflectance variations.

The human skin can be modeled as an object with at least two layers, one of those being the

epidermis (a thin surface layer) and the other the dermis (a thicker layer underneath the

epidermis). Approximately 5 % of an incoming ray of light is reflected in the epidermis,

which is the case for all wavelengths and skin colors. The remaining light is scattered and

absorbed within the two skin layers in a phenomenon known as body reflectance (described

in the Dichromatic Reflection Model). The epidermis behaves like an optical filter, mainly

absorbing light. In the dermis, light is both scattered and absorbed. The absorption is

dependent on the blood composition, so that the absorption is sensitive to blood flow

variations. The optical properties of the dermis are generally he same for all human races.

The dermis contains a dense network of blood vessels, about 10 % of an adult's total vessel

network. These vessels contract according of the blood flow in the body. They consequently

change the structures of the dermis, which influences the reflectance of the skin layers.

Consequently, the heart rate can be determined from skin reflectance variations.

The system and methods to be described are not limited to

photoplethysmograpy, but can also be used to obtain a signal including at least a component

carrying information characterizing a periodic phenomenon of interest that is represented in a

sequence of images. In all applications, the methods are robust to motion artefacts and

changes in illumination that are unrelated to the periodic phenomenon of interest (pulsating

blood flow in the case of photoplethysmography)

The system comprises a number of components, of which only a few are

illustrated in Fig. 1. The system includes a data processing system 1, which may be a general-

purpose computer, and comprises a data processing unit 2 and main memory 3 . It further

includes a mass-storage device 4 for storing software, including software for carrying out the

methods outlined herein. The data processing system 1 has an interface 5 to a video camera 6

for obtaining sequences of digital images. It also has an interface 7 to an output device 8, e.g.

a visual display unit, for rendering output in a perceptible form. Of course, the data

processing system 1 further includes common functional components such as user input

devices, network interfaces, etc., which are not shown separately in Fig. 1.

In an embodiment, (not shown), the data processing system 1 further includes

an interface to at least one light source, which can be a light source tuned to a particular

range of the visible or near-infrared part of the spectrum of electromagnetic radiation.

The data processing system 1 is arranged to generate a first signal

representative of at least variations in a value based on pixel values from each of a sequence



of images captured by the video camera 6 . In certain embodiments (not shown in the

drawings), it is arranged to process the first signal in order to suppress or remove motion

determined by separate analysis of the captured images.

In a first embodiment (Fig. 2), the method carried out by the data processing

system 1 includes obtaining (step 9) a sequence of images. At least one of the images is

segmented (step 10), and one or more regions of interest are selected (step 11).

The segmentation and selection steps 10,1 1 are carried out in order to identify

areas representing surfaces of a certain type, in particular those meeting certain criteria. In

one embodiment, regions of interest representing some or all of the faces of persons

represented in the images are identified. A suitable algorithm for implementing this

embodiment is described 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 suitable algorithms for recognizing image segments with certain shapes, colors and/or

patterns are known, and can be used instead of or in combination with this algorithm.

The present description will proceed on the assumption that one region of

interest is selected. This region of interest is tracked throughout the sequence of images. A

suitable algorithm for doing this is described in De Haan et al., "True-motion estimation with

3-D recursive search block matching", IEEE transactions on circuits and systemsfor video

technology, 1(5), October 1993, pp. 368-379.

For a first pair of images in the sequence, the data processing system 1

proceeds to select from within the region of interest sub-sets of at least one pixel value. In

particular, multiple sub-sets are selected from the region of interest in a first image (step 12).

For each selected sub-set, a corresponding sub-set is found (step 13) in the adjacent image in

the sub-sequence (generally the one following the current image, but it may be the preceding

image).

Generally, each sub-set will have a plurality of pixel values, so that the step 13

of finding a corresponding sub-set in the further image includes a search for a similar sub-set

according to some criterion. That is to say that the best-matching sub-set within the region of

interest in the next image is found. Each selected sub-set from the first image and best-

matching sub-set from the next image form a group of sub-sets. Because the sub-sets from

the first image are all different from each other, for any pair of groups, the sub-sets from both

the first and the next image are different.

Finding the corresponding sub-set in the next frame can include a global

search for a combined set of sub-sets corresponding to the set of selected sub-sets from a first



image in a next image. This is a low-cost solution, but is likely to be relatively inaccurate.

Alternatively, an exhaustive search can be carried out for each sub-set of pixel values

selected from a first image. This is a relatively accurate method, but computationally

relatively expensive. In another embodiment, a similar sub-set is found by obtaining a

predicted motion vector for that sub-set and modifying the predicted motion vector to select

candidate sub-sets for evaluation against at least one similarity criterion. The modification is

in the form of update vectors, which may be random. Such an approach represents a

predictive search, which can be iterated several times over the sub-sets in the current image.

Due to the fact that the motion vectors are found individually for each sub-set selected in the

initial step 12, the sub-sets in a group match relatively well. The use of a predicted motion

vector allows for an implementation with a relatively low computational cost. The predicted

motion vector can be obtained by carrying out an exhaustive search for a first of the sub-sets

selected in the current frame, and then using the resultant motion vector as the predicted

motion vector for the other sub-sets, for example.

Next (step 14), each group is analyzed. Those groups not meeting a least one

pre-determined criterion are discarded (step 15). In one embodiment, the at least one criterion

is a relative criterion, in the sense that the best-matching group or groups are selected.

Generally, however, the at least one criterion will be an absolute criterion, because the

number of groups formed will be very large, so that there will always be a few that meet the

at least one criterion.

In a particular embodiment, the at least one criterion includes a criterion that

each sub-set of pixel values should have a minimum spatial uniformity. In another

embodiment, the at least one criterion includes at least one similarity criterion. The similarity

criterion can relate to a similarity of color and/or texture, for example. In an embodiment, a

motion criterion is used, in the sense that connected pixels may not move more than a certain

distance from image to image. Each of these criteria is designed to ensure a robustness to

motion and/or illumination changes that are unrelated to the phenomenon of interest (the

periodic biological phenomenon in the case of photoplethysmography).

Then, signal segments are built (step 16) for each of only the selected groups

of sub-sets. In an embodiment, pixel values from within a sub-set are combined into a single

value, e.g. by taking a weighted average or by finding the mean value. This is done for each

of the sub-sets in the group, so that there is one such value per image. An effect is that the

robustness to noise is relatively high. Other ways of extracting a signal value are possible,

however. In an embodiment, the sequence of images comprises two or more sequences of



image frames, each corresponding to a different channel and comprised of pixel values

representing intensities of electromagnetic radiation captured in a limited range of the

spectrum of electromagnetic radiation. For example, the sequence of images can comprise

sequences of image frame in different color channels (e.g. Red, Green and Blue). In this

alternative, the combination can involve taking a weighted sum of pixel values from each

image frame forming a complete image. It can also involve a subtraction operation, e.g. a

subtraction of the mean luminance across all channels from the pixel values in a channel

corresponding to green light.

Then, the difference between the values associated with the respective sub-sets

of a group is taken. The signal segment in an embodiment in which each group includes only

sub-sets from two images thus comprises only one value. It is noted that the selection step 15

can be deferred until after the signal segments have been built, in particular in order to use a

selection criterion based on the combination of values or on the difference in the combination

between images. Thus, only those groups resulting in strong signal values can be selected.

The steps 12-16 are repeated for each next pair of images, so that different

signal segments representing different time intervals on a time base defined by the sequence

of images are obtained.

These are fused (step 17) in a final step to obtain a signal covering a time

interval corresponding to the time interval covered by the sequence of images. Various

methods can be used for fusion of the signal segments. The fusion can be based on finding

the highest correlation between signals or on illumination of outliers, for example.

Optionally, the signal sections can participate in the fusion process with different weightings

determining an extent to which they affect the time-varying signal that is the outcome of the

fusion step 17. For instance, the weighting value can depend on the reliability with which the

sub-sets in a group are determined to match in the step 13 of finding similar sub-sets. In

another embodiment, the spatial distance between sub-sets in a group at least partly

determines the weighting. If the distance is large, the weight will be lower.

Although the method of Fig. 2 has been explained using the example of groups

of pairs of sub-sets from adjacent sub-sets, the method of Fig. 2 can make use of groups of

three or more sub-sets from consecutive images of the sequence. The intervals defined by the

groups can overlap. For example, one group can comprise sub-sets from the first to third

images and another from the second to fourth images.

In yet another alternative embodiment, certain groups are not formed from

sub-sets from adjacent images, but by skipping certain images. For example, in one



implementation, sub-sets are selected from a first image and the most similar sub-sets in a

second image are found, so that pairs of sub-sets from the first and second images are

obtained. If a particular pair does not meet a certain criterion, then that pair is discarded, and

a similar sub-set from the third image is determined. Interpolation can then be used to form a

pair of sub-sets from which a signal section is extracted, for example. Thus, in this

embodiment, following the step 15 of discarding pairs of sub-sets of pixel values that do not

meet a set of at least one criterion, the step 13 of finding similar sub-sets in further images is

repeated on an image further removed from the current image in the sequence of images.

In an embodiment (not shown), an extra correction to increase the robustness

to movement is carried out. The motion of at least one subject represented in the sequence of

images is quantified, in order to obtain a separate signal representative of at least periodic

motion of at least a certain type of a subject represented in the sequence of images. This

information is then used to suppress a component of the signal obtained as a result of the

fusion process. It will be appreciated that the motion of only the subject corresponding to the

region of interest is analyzed. Motion analysis can be accomplished by determining a

sequence of motion vectors representative of motion of the region of interest over the

sequence of images. The data representative of the periodic component of motion of the

living being is then determined by analyzing the repetitiveness of the motion vectors. In an

embodiment, only motion within a certain range of amplitudes is taken into account. As an

alternative to using motion vectors, illumination changes in a pixel value or set of pixel

values can be used to infer motion. However, this is less reliable, and the frequency of the

motion cannot be determined very well.

It is observed that any of the signal that is the result of the fusion step 17, the

signal obtained with the optional motion suppression step and the signal segments obtained

(step 16) for various intervals can, and generally will, undergo further processing, which may

include a step of extracting information corresponding to the biometrical signal of interest,

e.g. filtering using an alpha trend mean filter. A further possible filtering operation is band

pass filtering.

The resultant signal can be analyzed, e.g. to obtain a value of the frequency of

the periodic phenomenon of interest, corresponding e.g. to the heart rate or respiration rate. It

can also be used to gate an imaging apparatus (a CT scanner, for example).

An alternative method (Fig. 3) of forming a time-varying signal representative

of at least variations in a value based on pixel values from a sequence of images leaves out



the step 13 of finding similar sub-sets in two or more images to form a group of sub-sets of

pixel values. Instead, groups of sub-sets corresponding in position are formed.

The method makes use of a buffer of a certain number of images, to which a

most recent image is added (step 18), and from which a least recent image is removed with

each iteration of the method. Thus, the buffer contains a sub-sequence of a sequence of

images. These are used to compose spatio-temporal volumes (step 19) by laying a grid

(Fig. 3) over each of a set 20 of images. The images in the set 20 are at least based on the

images provided by the video camera 6 . They may be the result of filtering and/or image

processing operations (not shown) to compensate for motion, camera movement and the like.

The grid defines a spatial aperture with a width ∆χ and a height Ay. Each

spatio-temporal volume consists of the pixel values within a given one of the apertures of

each of the images in the set 20. An example of a sequence 2 1 of sub-sets of pixel values

corresponding to the pixel values within a spatial aperture is shown in Fig. 4 . The number of

images in the set 20 determines a time interval At.

The sub-sets of pixel values within each spatio-temporal volume are evaluated

(step 22) against a set of at least one criterion. Only those that meet the at least one criterion

are kept, and used to obtain a signal including at least a component representative of a

periodic phenomenon in a living being.

Generally, the same kinds of selections criteria can be used in the embodiment

of Fig. 3 as have been described in connection with the selection step 14 of the embodiment

of Fig. 2 . Where the grid is laid over the entire image, the selection step 22 of the method of

Fig. 3 will at least also include a step of evaluating whether the sub-sets of pixel values

represent a surface of a certain type, e.g. exposed skin of a human being. Further selection

criteria relate to the uniformity of each sub-set of pixel values and to the temporal uniformity

of the sequence 2 1 of sub-sets. Only the most uniform spatio-temporal volumes, or those

meeting some absolute uniformity criterion are kept. The calculation of the uniformity in the

spatial and temporal domains can be done using any of a number of methods, including

calculations of the dynamic range, variance, entropy, etc.

The step 19 of composing spatio-temporal volumes can use a default spatial

aperture and time interval At. In one embodiment, a different size of aperture is used with

each iteration of the method of Fig. 3, i.e. for each interval of the total sequence of images

that is processed. Additionally or alternatively, the length of the interval, i.e. the number of

images in the set 20 is varied. The aperture size (width ∆χ or height Ay) can be linked to the

uniformity of the analyzed area. More uniform areas would then result in larger apertures.



Other suitable influencing factors include the spatial resolution of the sensors of the video

camera 6 and other features of these sensors. In other embodiments, the grid is irregular, in

the sense that different apertures have different dimensions. The appropriate dimensions can

also be determined by carrying out at least one of object segmentation, color segmentation

and background- foreground segmentation on at least one of the set 20 of images. If the

segmentation yield relatively small segments, then the apertures of the grid should also be

small. The appropriate size of the interval At covered by the set 20 of images will generally

depend on the amount of motion present in each image. Thus, some of the analysis relevant

to the selection step 22 will in these embodiments already have been carried out to compose

the spatio-temporal volumes. Other factors that can determine the size of the interval At

include the frame rate of the video camera 6, the intensity of motion of the subject

represented in the images and changes of illumination.

After certain ones of the spatio-temporal volumes have been selected, the

temporal variations in a value based on the pixel values of the spatio-temporal volume are

extracted (step 23) for each selected spatio-temporal volume. In this step 23, pixel values

from within a sub-set are combined into a single value, e.g. by taking a weighted average or

by finding the mean value. This is done for each of the sub-sets in the sequence 2 1 (Fig. 4),

so that there is one such value per image. An effect of the combination of pixel values is that

the robustness to noise is relatively high. Other ways of extracting a signal value are possible,

however. In an embodiment, each image comprises two or more image frames, each

corresponding to a different channel and comprised of pixel values representing intensities of

electromagnetic radiation captured in a limited range of the spectrum of electromagnetic

radiation. For example, the sequence of images can comprise sequences of image frames in

different color channels (e.g. Red, Green and Blue). In this alternative, the combination can

involve taking a weighted sum of pixel values from each image frame forming a complete

image. It can also involve a subtraction operation, e.g. a subtraction of the mean luminance

from the pixel values in a channel corresponding to green light.

As illustrated in Fig. 5, the difference between the value calculated for one

sub-set of pixel values and the temporal average of the values for all the sub-sets in the

sequence 2 1 is calculated. In general, any other method to extract a temporal fluctuations in a

spatial mean luminance of color values over a certain temporal period can be used. These

variations should be in a certain range of amplitude changes and frequency values.

In the illustrated embodiment, a sliding window is used to form and select

spatio-temporal volumes. Thus, at each iteration, the signal segments obtained for the current



set 20 of images are fused (step 24) with each other and with overlapping signal segments

obtained at preceding iterations. The fusion can be based on finding the highest correlation

between signals or on illuminating outliers, for example. The signal segments can participate

in the fusion operation with different weighting parameters. These can depend on the length

of the time interval At of the associated spatio-temporal volumes (more weight being

assigned to volumes with larger intervals At), for example.

The fused signal is used to extract the most important information, which is

the heart rate in the case of heart beat signal monitoring. An alpha trend mean filter can be

used to extract the part of the fused signal that is of interest from the fused signal.

A similar method of suppressing components representative of periodic

motion as described above as an optional addition to the method illustrated in Fig. 2 is used

in one embodiment (not shown). In that case, separate data representative of at least a

periodic component of motion of a living being represented in the sequence of images being

processed is obtained by carrying out video-based motion analysis of the sequence of images.

One motion signal can be obtained and used at least to suppress a component of the fused

signal corresponding to that periodic motion. Alternatively, separate motion signals can be

obtained for separate parts of the images, and used to suppress components of the signal

sections obtained for spatio-temporal volumes corresponding to those parts. In a particular

variant, whether to obtain separate motion signals for suppressing at least periodic

components of signal sections extracted from separate spatio-temporal volumes is dependent

on the degree of difference between the motion signals.

Even without the motion suppression, the methods outlined above allow for

robust extraction and analysis of temporal biometrical signals from skin areas of subjects in

the presence of motion of subjects or sudden changes of illumination. The embodiment of

Fig. 3, based on the construction and selection of the most reliable and temporally consistent

spatio-temporal pixel volumes that are not affected by motion artefacts, can be implemented

directly during the signal acquisition process.

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.

The measure of similarity used to find similar sub-sets in the method of Fig. 2

can be limited to similarity of texture. Exact similarity of pixel values is not required.



CLAIMS:

1. Method of forming a time-varying signal representative of at least variations in

a value based on pixel values from a sequence of images, the signal corresponding in length

to the sequence of images, including:

obtaining the sequence of images;

forming a plurality of groups (21) of sub-sets of pixel values by selecting a

sub-set of at least one pixel value from each of at least two images defining an interval to

form a group (21) of associated sub-sets,

wherein, for any pair of groups (21) with only sub-sets from the same images, the sub-sets

from more than one image are different; and

selecting groups (21) of sub-sets to form the signal in accordance with at least

one selection criterion,

wherein the selected groups (21) of sub-sets cover different intervals, shorter

than a length of the sequence.

2 . Method according to claim 1, wherein groups (21) are formed by laying a grid

over at least a region of each of a plurality of images at least based on the obtained images to

obtain spatio-temporal volumes of pixel values, each comprising pixel values of each image

within a corresponding spatial aperture defined by the grid.

3 . Method according to claim 2, including, for each group, analyzing at least one

sub-set of pixel values defined by the spatial aperture to determine whether it represents a

part of a surface of a certain type.

4 . Method according to claim 1, wherein groups are formed by obtaining spatio-

temporal volumes of pixel values from a sequence of images at least based on the obtained

sequence of images, each volume comprising pixel values within a spatial aperture from each

image within an interval of the sequence, the method including using a different aperture for

groups defined on different intervals of the sequence.



5 . Method according to claim 1, wherein groups are formed by obtaining spatio-

temporal volumes of pixel values from a sequence of images at least based on the obtained

sequence of images, each volume comprising pixel values within a spatial aperture from each

image within an interval of the sequence, the method including using a different interval

length for groups (21) defined on different intervals of the sequence.

6 . Method according to claim 1, wherein groups are formed by obtaining spatio-

temporal volumes of pixel values from a sequence of images at least based on the obtained

sequence of images, each volume comprising pixel values within a spatial aperture from each

image within an interval of the sequence, wherein evaluation of the at least one selection

criterion includes at least one of determining a measure of spatial uniformity and determining

a measure of temporal uniformity.

7 . Method according to claim 1, wherein groups (21) are formed by obtaining

spatio-temporal volumes of pixel values from a sequence of images at least based on the

obtained sequence of images, each volume comprising pixel values within a spatial aperture

from each image within an interval of the sequence, and the method further includes

extracting a signal section from each selected group (21) by combining multiple pixel values

from each aperture into a value.

8. Method according to claim 7, wherein the time-varying signal is formed by a

fusion operation taking the signal sections as input, and wherein the signal sections

participate in the fusion operation with different weightings determining an extent to which

they affect the time-varying signal.

9 . Method according to claim 1, wherein the groups are formed by selecting a

first sub-set of at least one pixel value from a first image at least based on one of the obtained

sequence of images and locating a similar sub-set in each of at least one further image at least

based on a respective one of the obtained sequence of images.

10. Method according to claim 1, wherein a similar sub-set in at least one of the

further images is found by obtaining a predicted motion vector and modifying the predicted

motion vector to select candidate sub-sets for evaluation against at least one similarity

criterion.



11. Method according to claim 1, wherein forming the groups includes selecting

sub-sets from only limited regions of interest in each of a sequence of at least two images at

least based on respective images of the obtained sequence of images.

12. System for forming a time-varying signal representative of at least variations

in a value based on pixel values from a sequence of images, the signal corresponding in

length to the sequence of images including:

an interface (5) for obtaining the sequence of images; and

a data processing system (1) arranged to :

form a plurality of groups (21) of sub-sets of pixel values by selecting a sub

set of at least one pixel value from each of at least two images defining an interval to form a

group (21) of associated sub-sets, such that images are covered by at least two intervals; and

to

select groups (21) of sub-sets to form the signal in accordance with at least one

selection criterion,

wherein the selected groups (21) of sub-sets cover different intervals, shorter

than a length of the sequence.

13. System according to claim 12, configured to carry out a method according to

any one of claims 1-1 1.

14. Computer program including a set of instructions capable, when incorporated

in a machine-readable medium of causing a system having information processing capability

to perform a method according to any one of claims 1-1 1.
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