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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the extraction
of periodic signals from other data, particularly the ex-
traction of signals representing physiological character-
istics from video sequences.

BACKGROUND

[0002] It is possible to analyze video sequences of a
living subject and detect small changes in the images
which are the result of physiological processes of that
subject. Amongst these physiological process are such
things as blood flow, breathing and sweating.
[0003] Certain physiological processes can be ob-
served via skin reflectance variations. The human skin
can be modelled 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). A certain percentage 5 % of an incoming ray
of light is reflected at the skin surface. 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 melanin, typ-
ically present at the boundary of epidermis and dermis,
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 dermis contains a dense network of blood vessels,
about 10 % of an adult’s total vessel network. These ves-
sels contract and expand according of the blood flow in
the body. They consequently change the structures of
the dermis, which influences the reflectance of the skin
layers.
[0004] Other physiological processes such as breath-
ing cause movement in the surface of patient.
[0005] Other physiological processes such as varia-
tions in blood oxygenation level can manifest themselves
as small colour changes.
[0006] It is possible to detect and extract signals which
have some periodic content in these changes and from
that obtain a result such as a frequency in the case of
periodic processes. For example, a subject may be illu-
minated with ambient light and filmed using a video cam-
era. By analyzing changes in the values of corresponding
pixels between frames of the sequence of images, a time-
variant signal can be extracted. This signal may be trans-
formed into frequency-like domain using something like
a Fast Fourier Transform and from the frequency-domain
spectra, a value for the subject’s heart-rate may be ar-
rived at as a physiological measurement. These physio-
logical measurements are often called vital signs.
[0007] The changes in the pixel values are often small
and often more pronounced in 1 colour channel than the
others. Thus the signal that is being looked for is corre-

spondingly small.
[0008] There may be other changes in the pixel values
such as those due to changes in the general image and
these can be comparatively large. There are also sources
of random change in the pixel values such as noise in
the image sensor and variations in the illumination (such
as flicker). All of these are, to all intents and purposes,
uncorrelated with the signal being sought. Therefore the
signal to noise ratio is small and the physiological meas-
urement may be sometimes of questionable reliability.
[0009] The document, US2014/0148663 discloses a
device and method for extracting a periodic signal indic-
ative of physiological information from a video sequence,
for identifying a discrepancy between different spectral
signal components, and for using the discrepancy to en-
hance the signal quality of the derived physiological in-
formation.

SUMMARY OF THE INVENTION

[0010] Therefore it is desirable to provide a method of
assessing the quality of the extraction of the signal and
the reliability of the physiological measurement by pro-
viding a system for producing a quality metric for physi-
ological information extraction from a sequence of image
frames.
[0011] In an aspect of the invention there is provided
a system as defined in claim 1. This offers the advantage
that the degree to which the results of the different cal-
culation functions agree can be an indication of the ex-
tracted signal quality, and hence the image processing
that contributed to it, can be derived.
[0012] The list of calculation functions comprises an
autocorrelation function, a Fourier transform function, a
power spectral density function a Laplace transform, a
Multiple Signal Classification algorithm, a Pitch Detection
Algorithm and an Average Squared Mean Difference
Function, a YIN algorithm and an MPM algorithm. These
have the advantage of having slightly different charac-
teristics and sensitivities. Therefore the degree of agree-
ment may be a useful indication of the quality of the over-
all process.
[0013] According to an embodiment, the system of any
preceding claim further comprises an illumination quality
assessor configured to produce illumination value indic-
ative of an amplitude of the signal. This has the advan-
tage that along with the general assessment of the proc-
ess provided by the ’comparison of analysis methods’,
the quality metric has sensitivity to the illumination quality
and can be used by the user to adjust the illumination.
[0014] According to an embodiment, the system fur-
ther comprises a motion compensation assessor config-
ured to produce a motion compensation metric derived
from at least one of a variation in the amplitude of the
signal and compensation metric derived from a displace-
ment vector representative of the relative motion of an
image feature between image frames in the plurality of
image frames. This has the advantage that along with
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the general assessment of the process provided by the
’comparison of analysis methods’, the quality metric has
sensitivity to the motion compensation quality. The qual-
ity metric could be used either by the user to adjust the
system settings or to stabilize the subject or encourage
them to move less. Another possibility is that the quality
metric could be used by the controller to control the set-
tings of the signal extraction unit.
[0015] According to an embodiment, the system fur-
ther comprises an illumination angle assessor configured
to produce an illumination angle metric derived from a
measurement of reflected illumination levels. The system
can measure the degree to which oblique illumination is
affecting the results in a number of ways. The system
may contribute to an illumination quality metric by using
an illumination angle assessor to measure the illumina-
tion homogeneity or angle from reflected illumination lev-
els. This has the advantage of being more sensitive to
defects or problems that are the result of the set-up or
environment of the overall system.
[0016] According to an embodiment, the illumination
angle metric is based on at least one of a histogram of
pixel values, a standard deviation, a variance of pixel
values, measurements of gradients in said pixel values
across the area of interest and a reading from a direc-
tional photodiode. This histogram is similar in information
content to calculations already needed for the signal
processing and so may be implemented easily as part of
the quality metric in a similar manner. This may be a more
precise indication of the illumination quality than histo-
gram and the advantage of including a more precise is
that it can then be used to generate feedback that can
instruct the user how to improve the set-up.
[0017] According to an embodiment, the system of any
of preceding claim configured to calculate the quality met-
ric value based on a combination of at least two of a
signal comparison metric, an illumination quality metric,
a motion compensation metric and an illumination homo-
geneity metric. The advantage of directional photodiodes
is that they are relatively inexpensive and can be placed
and oriented to take into account the actual situation.
[0018] According to an embodiment, The system of
any preceding claim configured to compare quality metric
values to a first chosen limit over a chosen time period
and record a pass-fail result and compare the number of
pass-fail results in the chosen time period to second cho-
sen limit in order to produce a derived quality metric for
the chosen time period.
[0019] According to an embodiment, the system of any
of the preceding claims configured to provide an indica-
tion of the quality of the extracted physiological informa-
tion.
[0020] In another aspect, there is provided a method
as defined in claim 9.
[0021] According to an embodiment, the method fur-
ther comprises measuring an amplitude of the signal.
[0022] According to an embodiment, the method fur-
ther comprises a measuring a variation in the amplitude

of the signal.
[0023] According to an embodiment, the method fur-
ther comprises measuring an angle at which an direc-
tional illumination falls on a region of interest.
[0024] According to an embodiment, measuring the
angle comprises at least one of calculating a histogram
of the reflected illumination levels across the region of
interest, measuring gradients in the illumination levels
across the region of interest and measuring a level of a
reflected illumination using a directional photodiode.
[0025] In another aspect, there is provided a computer
program product comprising instructions which, when
carried out on a computer, cause the computer to carry
out the method described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above, as well as additional objects, fea-
tures and advantages of the disclosed devices, systems
and methods, will be better understood through the fol-
lowing illustrative and non-limiting detailed description of
embodiments of devices and methods, with reference to
the appended drawings, in which:

Fig 1 represents a system for measuring a physio-
logical process in a subject.
Fig 2 represents a signal processing chain for ex-
tracting physiological information from a sequence
of video images.
Fig 3 represents a flow of operations to be performed
by the signal processing chain of fig. 2.
Fig 4 represents an arrangement according to an
embodiment for providing a quality metric from out-
put from the processing chains of fig. 2
Fig 5 represents a flow according to an embodiment
to be performed by the arrangement of fig. 4.
Fig. 6 represents an arrangement according to an
embodiment for providing a quality metric from out-
put from the processing chains of fig. 2, arranged in
relation to an image processing system.
Fig 7 represents the arrangement of fig. 6 in relation
to a system such as fig. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

[0027] In the following description, same references
designate like elements. Where an element has been
described, it is not described again unless further expla-
nation is needed.
[0028] Fig. 1 represents an arrangement for capturing
and analyzing a sequence of video images from a subject
in order to extract information concerning a physiological
process occurring in the subject (’physiological informa-
tion’). A subject 1 is illuminated by a light source 2 and
filmed using a camera 3, the camera being setup to cap-
ture sequences of video images. The sequence of video
images from the camera 3 is fed to a processing device
4 (PROC) which analyses the sequence of video images,
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extracts a signal from the sequence and from the signal
extracts a result, such as a heart-rate. The result, and
where desired, a representation of the signal is then pro-
vided to a display 5 (DIS).
[0029] Some parts of the subject will be better suited
for extraction of the signal than others. For example, in
the case of blood flow and heart-rate analysis, it has been
found that skin areas on the face tend to work better.
Therefore it is preferable to select certain areas (Regions
of Interest or ROI’s for short) or indeed smaller patches
contained within these ROIs. Since the signal is com-
posed of changes between frames for a given patch,
these patches must be tracked between frames.
[0030] The illumination is often directional as opposed
to even and as such may take different paths to the sub-
ject, depending on the orientation of the light source 2.
It may take a direct path 6 from the light source 2 to the
subject 1 or it may take an indirect path 7, being reflected
from some surface 8 like the ceiling. The light is then
reflected along a reflected path 9 to the camera 3. When
the light source 2 is aimed at the subject 1, the illumination
may arrive on the part of the subject in an approximately
even distribution whereas light following the indirect path
7 may arrive at an oblique angle.
[0031] As indicated by the arrows shown behind the
subject 1, the subject 1 is prone to moving significantly
relative to the camera 3, in particular, and to the light
source 2 and surface 8. This motion causes two prob-
lems. It makes the problem of tracking the patches harder
but more importantly, it introduces large variations in the
pixel values wherever the tracking is less than perfect.
[0032] Since the relative positions of subject 1, light
source 2, camera 3 and surface 8 may vary considerably
between situations, the intensity and uniformity of the
illumination on the subject 1 may also vary considerably.
Whilst absolute variations in illumination intensity can, to
some degree be compensated, variations in illumination
uniformity may have a significant effect on the quality of
the signal extraction
[0033] The effects of subject motion and illumination
non-uniformity compound each other.
[0034] Fig. 2 represents a processing chain 20 for ex-
tracting a signal indicative of a physiological process and
from the signal deriving a physiological measurement.
The processing chain 20 may be conveniently imple-
mented as part of the processing device 4. A patch se-
lecting unit 21 (ROI) selects the patches or ROIs that are
to be tracked. There may be one or more patches which
are selected for subsequent processing. The patch se-
lecting unit 21 performs the motion compensation on the
images with reference to the selected patches in order
to feed a series of motion compensated patches to a
signal extractor 22 (EXT). The signal extractor 22 per-
forms operations on the signal in order to arrive at the
time-varying signal of interest. These operations may in-
clude the combining of the colour channels and/or the
normalizing of the signal. It may be that the sequence of
patches has been broken up into shorter sequences in

order to make the task of motion compensation easier.
In this case, the extraction unit 22 may also combine the
shorter sequences into longer sequences. The extracted
time varying signal is then fed to a signal analyzer 23
(ANA) which, in a role of a physiological information cal-
culator, performs operations in order to arrive at the phys-
iological information result of interest.
[0035] The patch selecting unit 21, the signal extracting
unit 22 and the signal analyzer 23 may be implemented
in a one or more general purpose processors running
appropriate software. This has the advantage of being
possible with pre-existing hardware and allows for sub-
sequent modification and tuning. However it can result
in a solution which is slower and/or more expensive than
a mode dedicated solution. Alternatively they may be im-
plemented in microcontrollers running firmware designed
to implement the relevant functions. This solution may
be less expensive when production volumes are suffi-
ciently high enough. Yet another possibility is to imple-
ment the functions in dedicated hardware. In high vol-
umes, this is often cheaper and gives higher processing
speed per unit cost.
[0036] Fig. 3 represents a process applied by the
processing chain 20. At step s31 (SEQ), a sequence of
frames is provided to the processing chain 20.
[0037] At step s32 (SEL), the patch selecting unit 21
selects the patches using one or more of a number of
methods. A process which is sometimes called ’segmen-
tation’ is performed. It is convenient to start by selecting
the general area of interest. The face is suitable when-
ever blood flow is the physiological process of interest
so a face-identification algorithm may be used. A suitable
algorithm for implementing face detection is described in
Viola, P. and Jones, M.J., "Robust real-time object de-
tection", Proc. of IEEE workshop on statistical and com-
putational theories of vision, 13 July 2001. Alternative
algorithms for recognizing shape and colour patterns also
exist and these may be used for detecting the facial area.
For other processes like breathing, other methods for
identifying the thorax may be used.
[0038] Also the blocks may be classified as being skin
areas or not by comparing the relative values of the col-
ours in each pixel therein and absolute intensities of those
pixels. Analysis of colour gradients inside and between
blocks can also be helpful for identifying skin areas. Iden-
tifying skin areas is made more difficult by the wide variety
of possible skin tones and account should be taken of
this.
[0039] At step s33 (MC) a preferable step of motion
compensation is performed by the patch selecting unit
21. This is preferable because it is better to perform the
signal extraction by taking pixel values from the same
area in the series of frames under analysis.
[0040] This may be done by the patch selecting unit
21 identifying blocks containing distinctive features within
the selected patch(s) and determining how these blocks
change position within their respective frames relative to
the other frames. Various solutions exist for this. From
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these changes, the patch selection unit 21 is able to de-
rive predicted motion vectors which it can use to ’align’
the selected patch(s) from frame to frame.
[0041] It is often useful to select one or more subsets
of pixels within the general area of interest. Also it may
be that a compromise between processing power re-
quirements, processing time and accuracy is needed and
acceptable results can be achieved with fewer pixels.
[0042] At step s34 (SUBS), such subsets containing
at least one pixel and often contain plurality of pixels are
selected by the patch selecting unit 21. The correspond-
ing subsets from all the frames in the sequence are iden-
tified to form a group. These corresponding subsets are
best matches according a chosen criterion of similarity.
Such a criterion could, for example, be based on a sta-
tistical measure such as standard deviation of the three
colours. Where multiple subsets are being processed in
parallel, there will be multiple groups. The process of
establishing the groups may be done in various ways.
An exhaustive search for similar subsets in the general
area of interest may be performed. This can be done by
moving a selection window which selects a small set of
pixels over the area being searched. Each small set is
then compared to a reference small set in a frame being
taken as the origin for the purposes of the motion esti-
mation. This is more accurate but computationally ex-
pensive. Alternatively at the predicted motion vectors
previously derived may least in part, used. This has a
lower computational cost but is less accurate. Where a
search is performed, fresh predicted motion vectors may
be derived. It may also be possible to combine the various
approaches in a multiple-stage process, using both
searching and predictive motion vectors. Such a solution
may be an acceptable compromise between accuracy
and computational cost.
[0043] Where multiple groups are being used, it is often
useful to perform an optional step s35 (DIS) of discarding
those groups which do not meet a criterion. This may be
performed by the signal extractor 22. The criterion is typ-
ically chosen so as to remove groups that will provide an
inferior signal extraction result, for example by degrading
the overall signal-to-noise ratio. Such criterion could be
spatial uniformity of colour and/or texture. Another pos-
sibility is the degree of motion between frames in the
sequence so that groups exhibiting too much motion be-
tween frames could be eliminated.
[0044] At step s36 (SEG), the signal extractor 22 builds
up extracted signal segments from each group. This is
achieved by finding the differences in the pixel values
between frames for the group in question. Various pre-
paratory operations are possible. For example, the pixel
values in the groups may be normalized i.e. their values
may be divided by their average. For example, all the
pixel values for a subset may be combined on a per frame
basis. This combination may be by finding an average
value (weighted appropriately) and the average may
have weighting applied between the colour channels. It
is possible to combine all of the subsets into a single

average i.e. a single average per frame. This has the
advantage of robustness to noise. The extracted signal
segments may be for short sections of the total sequence
of the image frames. This improves the robustness to
motion of the subject between frames but may then re-
quire further processing to ’reconstruct’ the signal over
the full sequence of frames.
[0045] At step s37 (VAL), the extracted signal segment
(or segments) is analyzed by the signal analyzer 33 in
order to find a value representing the physiological pa-
rameter of interest i.e. the physiological information re-
sult. This might be a frequency representation such as a
heart or respiration rate or it might relate to an amplitude
such as that of the subjects respiration. Indeed it may
even be a result derived from one of these.
[0046] Situations involving obtaining a frequency will
now be discussed.
[0047] Such operations could be transforming into a
spectrum, i.e. frequency domain, by using something like
a Discrete or Fast Fourier Transform (DFT or FFT). From
the spectrum the DC component and other components
considered out-of-band may be discarded and a peak
corresponding to the fundamental frequency of the per-
tinent physiological process.
[0048] A DFT may be expressed as, for a sequence of
N complex numbers xn

[0049] Another method could be to use an autocorre-
lation (sometimes known as a cross-autocorrelation or
serial correlation) function to arrive at result indicative of
a quasiperiodic signal. By way of illustration only, a com-
mon formation of an estimation for autocorrelation func-
tion for a signal for which n observations have been made
and for which there are mean m and variance σ2 :

where k is an integer less than n.
[0050] From the inverse of the time lag between the
peaks of the autocorrelation, a frequency of the periodic
signal can be derived.
[0051] A third method could be to use a power spectral
density function (PSDF). This function represents the fre-
quency distribution of the power of a signal. It is some-
times defined or expressed as, for a finite time series xn
of samples of a signal, the samples being at discrete
times xn = x(nΔt) for a total time period T= NΔt: 
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where n is between 1 and N
[0052] It may be useful to vary the above expressions
or choose different formulations, possibly with other
terms, when implementing them in a system for extract-
ing physiological information.
[0053] Another possibility is a Laplace transform which
can also be used to obtain a frequency-domain repre-
sentation of a signal from its time-domain form.
[0054] Other possibilities exist such as the multiple sig-
nal classification (MUSIC) algorithm, the pitch detection
algorithm (PDA), the average magnitude different func-
tion (ADMF), the average squared mean difference func-
tion (ASDMF). There are also algorithms known as the
YIN algorithm and the MPM algorithms respectively.
[0055] Fig. 4 represents a system 40 for producing a
quality metric according to embodiments. As in fig. 2,
there is a signal processing chain which comprises a
patch selecting unit 21, an extraction unit 22 and a signal
analyzer 23. In addition to providing a series of motion
compensated patches to the extraction unit 23, in one
embodiment, the patch selecting unit 21 provides input
to an illumination quality assessor (ILL) 41 and to a mo-
tion quality assessor (MOT) 42. In another embodiment,
the signal extractor 22 provides information to the motion
quality assessor 42. The signal analyzer 23, as well as
providing a physiological measurement result, gives in-
put to a quality metric calculator (QMC) 43.
[0056] Fig 5 represents a flow operated according to
an embodiment by the system of fig. 4.
[0057] At step s51, the patch selection unit 21 provides
frames or more particularly, the selected general area of
interest, to the illumination quality assessor 41. The illu-
mination quality assessor 41 can use the convenient ap-
proach of calculating a histogram of the pixel values for
the whole frame or the general area of interest. This may
be performed per colour channel or for the colour chan-
nels combined. From the histogram(s), representative
values such as means, standard deviations, or medians
may be combined with values for the quantization noise
and the camera noise, to produce a signal-to-noise ratio
as dependent on the illumination can be arrived at. The
quantization defined by the number of bits used in the
pixels to store their values for each colour and the camera
noise is defined by camera hardware and is a function
of things like the image sensor and the camera optics.
Both these parameters can be known for a given system.
[0058] At step s52, the patch selection unit 21 provides
to the motion compensation assessor 42 information
from the processing concerning the motion compensa-
tion it performed during step s33. This information can
be the related to the predicted motion vectors used in the
image stabilization. For example, the maximum magni-
tude of the predicted motion vectors could be used. The
corrections used in motion compensation sometimes in-
troduce errors (sometimes called ’artifacts’) into the cor-
rected image. Examples of such artifacts are distortions
present near boundaries between strongly contrasting
areas. It is possible to search for these artifacts by com-

paring parameters such as contrast gradients in regions
where they might be expected.
[0059] In an alternative embodiment, the signal extrac-
tor 22 provides information concerning the extracted sig-
nals to the motion quality assessor 42. The motion quality
assessor can calculate the variations over time in the
extracted signal level. In any given situation, the extract-
ed signal level should remain relatively constant or at
least within certain boundaries. Variations outside ex-
pected limits are often the result of the effects of motion
of the subject or of the artifacts introduced by the motion
compensation. For example, Motion compensation arte-
facts may increase and/or decrease pixel-differences be-
tween subsequent patches which results in apparent
changes in amplitude in the signal for those points in time.
[0060] It should be noted that it is possible to combine
the above two forms of the motion quality assessor 42
and use both ways of assessing the motion compensa-
tion quality.
[0061] It is possible to look at local variations at specific
times or from specific parts of the image or at average
variations over time and compare them to limits or ex-
pected values. Furthermore, the signal strength relative
to the pixel values, averaged over time, can be expected
to be within certain bounds in as much as the general
sensitivity of given systems detecting given physiological
phenomena can be learned. Therefore excursions out-
side these bounds can be used to indicate the presence
of errors. Therefore, they can be used to assess the de-
gree of subject motion and the efficacy of the motion com-
pensation i.e. as a quality metric for the motion compen-
sation.
[0062] At step s53, the signal analyzer 23 performs
operations according to an embodiment to derive the
physiological information result. As previously men-
tioned, there are different options for the motion compen-
sation and selecting the area of interest. These have dif-
ferent characteristics and, under certain conditions, any
two chosen methods may yield different results. Further-
more the extracted signal will often be weak in compar-
ison to the background pixel values.
[0063] In order to extract a frequency value, there are
various options, as discussed above. These can also pro-
duce differences in the results they produce as a conse-
quence of the effects of the previous steps, particularly
since the extracted signal on which they will operate is
often relatively weak compared to the absolute pixel val-
ues from which it is extracted. For example, with an ACF,
it is hoped to produce peaks which can be detected so
that the lag between them can be found. Because of the
weak signal and the effects of the previous processing
steps, the peak detection may be difficult. This can go
as far as to produce lags which are longer than the real
lag and which are interpreted as an apparent frequency
less than the actual value. For a short-time or discrete
Fourier transform (STFT or DFT), the low signal-to-noise
ratio may result in spurious peaks in the output spectrum
and these can make finding the peak of interest more
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difficult, sometimes to the extent that the apparent fun-
damental frequency is twice the real value. The Power
Spectral Density Function (PSDF) also has sensitivities
to certain defects in the extracted signal.
[0064] Therefore, at step 35, the two or more methods
are used on the same signal and the result compared by
the quality metric calculator 43 to produce a quality metric
representative of the quality of the results of the time to
frequency transformation ("comparison of analysis meth-
ods"). The comparison may be performed by finding the
difference between the two results. Other possibilities
could be to record the differences over a series of time
intervals and calculate a variance of the distribution of
the differences or to calculate correlation coefficients of
the two (or more) populations of readings. Further pos-
sibilities may exist.
[0065] Thus the system can produce a quality metric
for physiological information extraction from a sequence
of image frames by using a signal extraction unit to extract
the signal and then a signal analyser to calculate a plu-
rality of physiological information results from the signal
using a plurality of calculation functions, each result using
a different calculation function, and then using a quality
metric calculator for calculating a quality metric based on
a comparison between the physiological information re-
sults of the plurality of physiological information results.
This offers the advantage that the degree to which they
agree can be an indication of the extracted signal quality,
and hence the image processing that contributed to it,
can be derived.
[0066] Typically the signals extracted from the image
frames is a time-domain representation and the physio-
logical information results are frequency-domain or of a
form from which a frequency can readily be derived.
[0067] The methods may be chosen from amongst au-
tocorrelation function, a Fourier transform and a power
spectral density function. Other methods of deriving a
frequency exist and may also be used. These have the
advantage of having slightly different characteristics and
sensitivities. Therefore the degree of agreement may be
a useful indication of the quality of the overall process.
[0068] Fig. 6 represents a system 60 for producing
physiological information comprising a system for pro-
ducing a quality metric according to an embodiment. An
image capture unit 61 (IC) provides a sequence of video
frames to a processing chain 20. The physiological infor-
mation is fed to a controller 62 (CON) which is coupled
to a display 5. The illumination quality assessor 41, mo-
tion quality assessor 42 receive their inputs from the
processing chain 20 as described in relation to fig. 4. The
quality metric calculator 43 receives input, as described
above, from the signal analyzer 23 and performs a ’com-
parison of analysis methods’. The quality metric calcula-
tor 43 also receives the results from the illumination qual-
ity assessor 41 and the motion quality assessor 42. It
provides the quality metric to the display 5. The image
capture unit 61 may also provide the sequence of images,
or part thereof, to the display. The system 60 may be

integrated, wholly or partially, into a single piece of equip-
ment and the single piece of equipment may be the video
camera 2 or another equipment such as a computer. The
equipment could be implemented in a smartphone.
[0069] The display coupled to the controller 62 may
display the quality metric as a numerical value, for ex-
ample a percentage, or a representation on a scale so
as to communicate to a user the reliability of the physio-
logical information which is (or has been) displayed. The
display could also be a colour representation such as a
red-amber-green arrangement. A combination of the
above is also possible.
[0070] The quality metric could be displayed as it is
calculated, possibly with updates made after periods of
measurement. Another possibility is for the system 60 to
compare the quality metric value against a chosen limit
and record whether it is a pass or fail. Over a chosen
time period, the system 60 could record the incidence of
these pass-fail results and if the incidence itself is below
a chosen limit, that time period as a whole could be con-
sidered acceptable and reported as such - for example
with a green light. Alternatively it could report the per-
centage of passes as a derived quality metric. For exam-
ple, the system could record over a two-minute period
the number of above/below samples at a rate of one per
second. If less than 50% are outside limits, the whole two
minutes is acceptable.
[0071] The quality metric calculator 43 may combine
the result from the illumination quality assessor 41 into
the quality metric along with the result of the ’comparison
of analysis methods’. This has the advantage that along
with the general assessment of the process provided by
the ’comparison of analysis methods’, the quality metric
has sensitivity to the illumination quality and can be used
by the user to adjust the illumination.
[0072] The quality metric calculator 43 may combine
the result from the motion quality assessor 42 into the
quality metric along with the result of the ’comparison of
analysis methods’. This has the advantage that along
with the general assessment of the process provided by
the ’comparison of analysis methods’, the quality metric
has sensitivity to the motion compensation quality. The
quality metric could be used either by the user to adjust
the system settings or to stabilize the subject, encourage
them to move less or limit certain movements like rotation
of the head. Another possibility is that the quality metric
could be used by the controller 62 to control the settings
of the signal extraction unit 22.
[0073] The quality metric calculator 43 may combine
the various individual quality metrics as a weighted sum.
It may check each one individually against limits and add
the pass/fail results if a simple display of the quality metric
is to be used. It may also calculate a weighted sum of
their values outside their respective limits. It could also
use the frequency of their excursions outside the limits.
Combinations of these methods are also possible. Com-
bining the individual quality metrics has the advantage
that as well as an overall assessment of the process, the
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quality metric also can reflect the problems arising from
specific parts of the process such as illumination quality
and the motion compensation. The individual quality met-
rics could also be combined as part of a supervised learn-
ing approach.
[0074] Illumination homogeneity may have a signifi-
cant influence on the final result. Therefore it can be de-
sirable to estimate this and either use this estimation as
part of the quality metric and/or giving an indication to a
person using the system about whether the illumination
should be adjusted.
[0075] A particular problem occurs when the illumina-
tion is directional and arrives at an oblique angle on the
general area of interest. Since the general area of inter-
est, such as a face, is often not flat, oblique illumination
can cause shadowing or significant, e.g. motion-induced,
variation in the level of reflected light across the general
area of interest. This effect causes degradation in the
signal-to-noise ratio partly because the actual level of
illumination on areas selected for signal extraction can
be lower or the illumination generally less even than
seems to be the case to a user. More importantly the
gradients of illumination thereon can interact with the sig-
nal processing, particularly the motion compensation and
degrade significantly the signal-to-noise ratio. Indeed this
phenomenon further amplifies the problems caused by
the movement of the subject.
[0076] Fig. 7 represents an arrangement for capturing
and analyzing a sequence of video images from a subject
in order to extract information concerning a physiological
process occurring in the subject (’physiological informa-
tion’) using a system 60 according to embodiments. In
addition to the elements described in relation to fig. 1 and
those of the system 60, photodiodes 71 are arranged so
as to receive light from selected directions, i.e. they are
directional, and provide results of their measurement of
the light incident upon them to controller 62.
[0077] The light reflected, or emitted, from the surface
8 often can often exacerbate the difficulties encountered
by the motion compensation functions. This is particularly
true whenever the surface 8 is a ceiling and whenever
the subject 1 is upright because the illumination falls on
the face of the subject at a significantly shallow angle.
When the light reflected, or emitted, from the ceiling is
the dominant source of light, the problem is worse.
[0078] The system can measure the degree to which
oblique illumination is affecting the results in a number
of ways. The system may contribute to an illumination
quality metric by using an illumination angle assessor
641 to measure the illumination homogeneity or angle
from reflected illumination levels. This has the advantage
of being more sensitive to defects or problems that are
the result of the set-up or environment of the overall sys-
tem. The illumination angle assessor may be combined
into the aforementioned illumination quality assessor 41.
[0079] Thus the illumination angle assessor may use
at least one of a histogram of pixel values, measurements
of gradients, or standard deviation in said pixel values

across the area of interest and a reading from a direc-
tional photodiode. The advantages of these is discussed
below.
[0080] A histogram of the pixel values of pixels distrib-
uted across all or part of the general area of interest may
reveal a large spread (the spread, or standard deviation,
or variance) of values which can be indicative of oblique
illumination because such illumination accentuates the
shadowing produced by the topography of the subject.
This histogram is similar in information content to the one
discussed with reference to fig. 5 and so may be imple-
mented easily as part of the quality metric in a similar
manner. It should be noted that Statistical parameters
such as standard deviation, or variance can be measured
without determining a complete histogram. Such a sta-
tistical analysis has the advantage of being part of the
image processing necessary for the extraction of the
physiological information.
[0081] Another possibility is to measure gradients in
the intensity of the reflected light across the area of in-
terest. This can be accomplished by searching, in one or
more frames, the values of pixels in one or more direc-
tions across the general area of interest using filters
adapted to reveal the presence of gradients. By ’filter’, it
is meant here mathematical functions or operations that
are performed on the values of one or more pixels and
in order to detect or reveal the presence of features of
interest. Suitable filters for detecting gradients include
Haar-like features and these can be selected and applied
to detect vertical and/or horizontal gradients. By using a
combination of different Haar-like features, it is possible
not only to detect the presence of a gradient but to classify
it in terms of direction and degree. The information thus
produced can then be combined into the quality metric
in accordance with any of ways discussed previously.
This may be a more precise indication of the illumination
quality than histogram and the advantage of including a
more precise is that it can then be used to generate feed-
back that can instruct the user how to improve the set-
up. It is possible, also, to combine both methods i.e. to
perform a histogram and to refine the result using gradi-
ent detection. It may be possible to economize compu-
tation resources necessary for the gradient detection by
first classifying and selecting using a histogram.
[0082] Another possibility is to use the directional pho-
todiodes 71 to measure the levels of light reflected from
the surface 8. A simple approach could be to compare a
single measurement to a chosen limit. A more accurate
approach could be to compare the measurement from a
directional photodiode 71 oriented toward the surface 8
with another detection point. Another detection point
could be, for example, either that of a second directional
photodiode oriented in the same direction as the camera
3 or indeed with the light levels measured by the camera
3 itself. Many cameras have ambient light sensors or light
meters which could be used to provide the function of
the second directional photodiode 71. The ratio of the
level of light detected by the directional photodiode 71
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aimed at the surface versus the other detection point
could be compared to one or more selected thresholds
so as to provide an indication of the acceptability of the
angle of the illumination. Alternatively the ratio could be
combined into the overall quality metric as discussed ear-
lier. The advantage of directional photodiodes is that they
are relatively inexpensive and can be placed and oriented
to take into account the actual situation.
[0083] 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.
[0084] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. Use of the verb "comprise" and its conjugations
does not exclude the presence of elements or steps other
than those stated in a claim. The article "a" or "an" pre-
ceding an element does not exclude the presence of a
plurality of such elements. The invention may be imple-
mented by means of hardware comprising several dis-
tinct elements, and by means of a suitably programmed
computer or processing unit. In the device claim enumer-
ating several means, several of these means may be
embodied by one and the same item of hardware. The
mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a com-
bination of these measures cannot be used to advantage.
[0085] Aspects of the invention may be implemented
in a computer program product, which may be a collection
of computer program instructions stored on a computer
readable storage device which may be executed by a
computer. The instructions of the present invention may
be in any interpretable or executable code mechanism,
including but not limited to scripts, interpretable pro-
grams, dynamic link libraries (DLLs) or Java classes. The
instructions can be provided as complete executable pro-
grams, partial executable programs, as modifications to
existing programs (e.g. updates) or extensions for exist-
ing programs (e.g. plugins). Moreover, parts of the
processing of the present invention may be distributed
over multiple computers or processors.
[0086] Storage media suitable for storing computer
program instructions include all forms of nonvolatile
memory, including but not limited to EPROM, EEPROM
and flash memory devices, magnetic disks such as the
internal and external hard disk drives, removable disks
and CD-ROM disks. The computer program product may
be distributed on such a storage medium, or may be of-
fered for download through any appropriate means such
as HTTP, FTP, email or through a server connected to
a network such as the Internet.

Claims

1. A system (40, 60) for producing a quality metric value
for assessing the quality of physiological information

results extracted from a sequence of video image
frames, the system comprising:

- A signal extraction unit (22) configured to ex-
tract a ; periodic signal representative of a phys-
iological characteristic from a plurality of the im-
age frames;
- A signal analyzer (23) configured to calculate
a plurality of physiological information results
from the signal, each physiological information
result being a frequency value calculated using
a different calculation function from the following
list of calculation functions:
an autocorrelation function, a Fourier transform
function, a power spectral density function, a La-
place transform, a Multiple Signal Classification
algorithm, a Pitch Detection Algorithm, an Aver-
age Squared Mean Difference Function, a YIN
algorithm and an MPM algorithm; and
- A quality metric calculator (43) for calculating
the quality metric value based on a comparison
between the plurality of physiological informa-
tion results.

2. The system of claim 1 further comprising an illumi-
nation quality assessor (41) configured to produce
an illumination value indicative of an amplitude of
the signal.

3. The system of claim further comprising a motion
compensation assessor (42) configured to produce
a motion compensation metric derived from at least
one of a variation in the amplitude of the signal and
from a displacement vector representative of the rel-
ative motion of an image feature between image
frames in the plurality of image frames.

4. The system of any preceding claim further compris-
ing an illumination angle assessor (641) configured
to produce an illumination angle metric derived from
a measurement of reflected illumination levels.

5. The system of claim 4 wherein the illumination angle
metric is based on at least one of a histogram of pixel
values, a standard deviation, a variance of pixel val-
ues, measurements of gradients in said pixel values
across the area of interest and a reading from a di-
rectional photodiode.

6. The system of any preceding claim configured to cal-
culate the quality metric value based on a combina-
tion of the comparison between the plurality of phys-
iological information results with at least one of an
illumination quality metric, a motion compensation
metric and an illumination angle metric.

7. The system of any preceding claim configured to
compare each of the quality metric values calculated
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over a chosen time period to a first chosen limit and
record a respective pass-fail result, and to compare
the number of pass-fail results in the chosen time
period to a second chosen limit in order to produce
a derived quality metric for the chosen time period.

8. The system of any of the preceding claims config-
ured to provide an indication of the quality of the
physiological information results.

9. A method of producing a quality metric value for as-
sessing the quality of physiological information re-
sults extracted from a sequence of video image
frames, by the device of claim 1.

10. The method of claim 9 further comprising measuring
an amplitude of the signal.

11. The method of claim 10 further comprising measur-
ing a variation in the amplitude of the signal.

12. The method of any of claims 9 to 11 further compris-
ing measuring an angle of reflected illumination lev-
els from a region of interest.

13. The method of claim 12 wherein measuring the angle
comprises at least one of calculating a histogram of
the reflected illumination levels across the region of
interest, measuring gradients in the illumination lev-
els across the region of interest and measuring a
level of a reflected illumination using a directional
photodiode.

14. Computer program product comprising instructions
which, when carried out on a computer, cause the
computer to carry out the method of any of claims 9
to 11.

Patentansprüche

1. System (40, 60) zum Erzeugen eines Qualitätsmet-
rikwerts zum Beurteilen der Qualität von physiologi-
schen Informationsergebnissen, die aus einer Se-
quenz von Videobildern extrahiert werden, wobei
das System umfasst:

- eine Signalextraktionseinheit (22), die konfigu-
riert ist, ein periodisches Signal, das eine phy-
siologische Eigenschaft darstellt, aus einer Viel-
zahl der Bildrahmen zu extrahieren;
- einen Signalanalysator (23), der konfiguriert
ist, eine Vielzahl physiologischer Informations-
ergebnisse aus dem Signal zu berechnen, wo-
bei jedes physiologische Informationsergebnis
ein Frequenzwert ist, der unter Verwendung ei-
ner anderen Berechnungsfunktion aus der fol-
genden Liste von Berechnungsfunktionen be-

rechnet wird:
eine Autokorrelationsfunktion, eine Fourier-
Transformationsfunktion, eine Leistungsspek-
traldichtefunktion, eine Laplace-Transformati-
on, einen Mehrfachsignal-Klassifizierungsalgo-
rithmus, einen Tonhöhenerkennungsalgorith-
mus, eine durchschnittliche quadrierte mittlere
Differenzfunktion, einen YIN-Algorithmus und
einen MPM-Algorithmus; und
- einen Qualitätsmetrikrechner (43) zum Be-
rechnen des Qualitätsmetrikwerts basierend auf
einem Vergleich zwischen den mehreren physi-
ologischen Informationsergebnissen.

2. System nach Anspruch 1, weiterhin umfassend ei-
nen Beleuchtungsqualitätsprüfer (41), der konfigu-
riert ist, einen Beleuchtungswert zu erzeugen, der
eine Amplitude des Signals anzeigt.

3. System nach Anspruch, weiterhin umfassend einen
Bewegungskompensationsbeurteiler (42), der kon-
figuriert ist, eine Bewegungskompensationsmetrik
zu erzeugen, die von mindestens einer von einer Va-
riation der Amplitude des Signals und von einem Ver-
schiebungsvektor abgeleitet ist, der die relative Be-
wegung eines Bildmerkmals zwischen Bildrahmen
in der Vielzahl von Bildrahmen darstellt.

4. System nach einem der vorstehenden Ansprüche,
weiterhin umfassend einen Beleuchtungswinkelbe-
urteiler (641), der konfiguriert ist, eine Beleuchtungs-
winkelmetrik zu erzeugen, die aus einer Messung
reflektierter Beleuchtungspegel abgeleitet ist.

5. System nach Anspruch 4 wobei die Beleuchtungs-
winkelmetrik auf einem Histogramm von Pixelwer-
ten, einer Standardabweichung, einer Varianz von
Pixelwerten, Messungen von Gradienten in den Pi-
xelwerten über den interessierenden Bereich
und/oder einer Ablesung von einer gerichteten Fo-
todiode basiert.

6. System nach einem der vorstehenden Ansprüche,
das konfiguriert ist, den Qualitätsmetrikwert basie-
rend auf einer Kombination des Vergleichs zwischen
der Vielzahl physiologischer Informationsergebnis-
se mit mindestens einer von einer Beleuchtungsqua-
litätsmetrik, einer Bewegungskompensationsmetrik
und einer Beleuchtungswinkelmetrik zu berechnen.

7. System nach einem der vorstehenden Ansprüche,
das konfiguriert ist, jeden der über einen ausgewähl-
ten Zeitraum berechneten Qualitätsmetrikwerte mit
einem ersten ausgewählten Grenzwert zu verglei-
chen und ein entsprechendes Bestanden-Nichtbe-
standen-Ergebnis aufzuzeichnen und die Anzahl
von Bestanden-Nichtbestanden-Ergebnissen in
dem ausgewählten Zeitraummit einem zweiten ge-
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wählten Grenzwert zu vergleichen, um eine abgelei-
tete Qualitätsmetrik für den ausgewählten Zeitraum
zu erzeugen.

8. System nach einem der vorstehenden Ansprüche,
das konfiguriert ist, einen Hinweis auf die Qualität
der physiologischen Informationsergebnisse bereit-
zustellen.

9. Verfahren zum Erzeugen eines Qualitätsmetrik-
werts zum Beurteilen der Qualität von physiologi-
schen Informationsergebnissen, die von der Vorrich-
tung nach Anspruch 1 aus einer Sequenz von Vide-
obildern extrahiert werden.

10. Verfahren nach Anspruch 9, weiterhin umfassend
das Messen einer Amplitude des Signals.

11. Verfahren nach Anspruch 10, weiterhin umfassend
das Messen einer Variation in der Amplitude des Si-
gnals.

12. Verfahren nach einem der Ansprüche 9 bis 11, wei-
terhin umfassend das Messen eines Winkels reflek-
tierter Beleuchtungspegel von einem interessieren-
den Bereich.

13. Verfahren nach Anspruch 12, wobei das Messen des
Winkels mindestens eines vom Berechnen eines
Histogramms der reflektierten Beleuchtungspegel
über den interessierenden Bereich, Messen von
Gradienten in den Beleuchtungspegeln über den in-
teressierenden Bereich und Messen eines Pegels
einer reflektierten Beleuchtung unter Verwendung
einer gerichteten Fotodiode umfasst.

14. Computerprogrammprodukt, umfassend Anweisun-
gen, die, wenn sie auf einem Computer ausgeführt
werden, veranlassen, dass der Computer das Ver-
fahren nach Anspruch 9 bis 11 ausführt.

Revendications

1. Système (40, 60) pour produire une valeur de me-
sure de qualité pour évaluer la qualité de résultats
d’informations physiologiques extraits d’une sé-
quence de trames d’image vidéo, le système
comprenant :

- une unité d’extraction de signal (22) configurée
pour extraite un signal périodique représentant
une caractéristique physiologique à partir d’une
pluralité de trames d’image ;
- un analyseur de signal (23) configuré pour cal-
culer une pluralité de résultats d’informations
physiologiques à partir du signal, chaque résul-
tat d’informations physiologiques étant une va-

leur de fréquence calculée à l’aide d’une fonc-
tion de calcul différente dans la liste suivante de
fonctions de calcul :
une fonction d’autocorrélation, une fonction de
transformée de Fourier, une fonction de densité
spectrale de puissance, une transformée de La-
place, un algorithme de classification multiples
des signaux, un algorithme de détection de hau-
teur tonale, une fonction de différence de
moyenne quadratique moyenne, un algorithme
YIN et un algorithme MPM ; et
- un calculateur de mesure de qualité (43) pour
calculer la valeur de mesure de qualité en se
basant sur une comparaison entre la pluralité
de résultats d’informations physiologiques.

2. Système selon la revendication 1, comprenant en
outre un dispositif d’évaluation de qualité d’éclairage
(41) configuré pour produire une valeur d’éclairage
indiquant une amplitude du signal.

3. Système selon la revendication, comprenant en
outre un dispositif d’évaluation de compensation de
mouvement (42) configuré pour produire une mesu-
re de compensation de mouvement dérivée d’au
moins une d’une variation de l’amplitude du signal
et d’un vecteur de déplacement représentant le mou-
vement relatif d’une caractéristique d’image entre
des trames d’image dans la pluralité de trames
d’image.

4. Système selon l’une quelconque des revendications
précédentes, comprenant en outre un dispositif
d’évaluation d’angle d’éclairage (641) configuré pour
produire une mesure d’angle d’éclairage dérivée
d’une mesure de niveaux d’éclairage réfléchi.

5. Système selon la revendication 4, dans lequel la me-
sure d’angle d’éclairage est basée sur au moins un
d’un histogramme de valeurs de pixel d’un écart-ty-
pe, d’une variance de valeurs de pixel, de mesures
de gradients dans lesdites valeurs de pixel à travers
la zone d’intérêt et une lecture à partir d’une photo-
diode directionnelle.

6. Système selon l’une quelconque des revendications
précédentes, configuré pour calculer la valeur de
mesure de qualité en se basant sur une combinaison
de la comparaison entre la pluralité de résultats d’in-
formations physiologiques avec au moins une d’une
mesure de qualité d’éclairage, d’une mesure de
compensation de mouvement et d’une mesure d’an-
gle d’éclairage.

7. Système selon l’une quelconque des revendications
précédentes, configuré pour comparer chacune des
valeurs de mesure de qualité calculées sur une pé-
riode de temps choisie à une première limite choisie
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et pour enregistrer un résultat de réussite-d’échec
respectif et pour comparer le nombre de résultats de
réussite-d’échec pendant la période de temps choi-
sie à une seconde limite choisie afin de produire une
mesure de qualité dérivée pour la période de temps
choisie.

8. Système selon l’une quelconque des revendications
précédentes, configuré pour fournir une indication
de la qualité des résultats d’informations physiologi-
ques.

9. Procédé de production d’une valeur de mesure de
qualité pour évaluer la qualité de résultats d’informa-
tions physiologiques extraits d’une séquence de tra-
mes d’image vidéo, par le dispositif de la revendica-
tion 1.

10. Procédé selon la revendication 9, comprenant en
outre l’étape consistant à mesurer une amplitude du
signal.

11. Procédé selon la revendication 10, comprenant en
outre l’étape consistant à mesurer une variation de
l’amplitude du signal.

12. Procédé selon l’une quelconque des revendications
9 à 11, comprenant en outre l’étape consistant à me-
surer un angle de niveaux d’éclairage réfléchi à partir
d’une région d’intérêt.

13. Procédé selon la revendication 12, dans lequel la
mesure de l’angle consiste à calculer un histogram-
me des niveaux d’éclairage réfléchi à travers la ré-
gion digne d’intérêt et/ou à mesurer des gradients
dans les niveaux d’éclairage à travers la région digne
d’intérêt et/ou à mesurer un niveau d’un éclairement
réfléchi à l’aide d’une photodiode directionnelle.

14. Produit de programme informatique comprenant des
instructions qui, lorsqu’elles sont exécutées sur un
ordinateur, amènent l’ordinateur à mettre en œuvre
le procédé selon l’une quelconque des revendica-
tions 9 à 11.
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个生理信息结果，多个计算函数包括在一个 计算函数的列表，每个生理
信息结果是使用不同的计算函数来计算的，以及质量度量计算器，用于
基于从多个生理信息的生理信息结果之间的比较得出的信号分析度量来
计算质量度量值 离子结果。
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