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(57) ABSTRACT

A method and apparatus for extracting a breathing rate
estimate from video images of a respiring subject. Signals
corresponding to the spatial coordinates of feature points
tracked through the video sequence are filtered and exces-
sively large changes are attenuated to reduce movement
artefacts. The signals are differentiated and signals which
correlate most strongly with other signals are selected. The
selected signals are subject to principal component analysis
and the best quality of the top five principal components is
selected and its frequency is used to calculate and output a
breathing rate estimate. The method is particularly suitable
for detecting respiration in subject in secure rooms where
the video image is of substantially the whole room and the
subject is only a small part of the image, and maybe covered
or uncovered.
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METHOD AND APPARATUS FOR
ESTIMATING BREATHING RATE

[0001] The present invention relates to a method and
apparatus for estimating the breathing rate of a respiring
subject from a video image of the subject.

[0002] Many techniques have been developed over recent
years for obtaining an estimate of the breathing rate of a
respiring subject which are less intrusive than traditional
contact techniques such as impedance pneumography. For
example, the breathing rate can be estimated from respira-
tory modulation of the heart rate as detected in an electro-
cardiograph (ECG) or photoplethysmogram (PPG) signal or
respiratory modulation of the amplitude of a PPG signal.
Further, in recent times, techniques have been developed for
obtaining a breathing rate signal from a video image of
subject either by detecting a PPG signal in the image or by
detecting respiration movement, see for example Wim Ver-
kruysse, Remote plethysmographic imaging using ambient
light, Tarassenko et al, Non-contact video-based vital sign
monitoring using ambient light and auto-regressive models
and Wu, H.-y., Rubinstein, M., Shih, E., and Freeman, W.,
2012. Eulerian Video Magnification for Revealing Subtle
Changes in the World.

[0003] Many of these techniques are suitable for use in
relatively controlled clinical settings, however it would be
useful to be able to detect the breathing of respiring subjects
in a wider variety of settings including security applications,
fitness, health and well-being in the home or elsewhere,
where the subject or environment may be less controlled.
For example, being able to monitor a subject in a room, such
as a secure room in a detention facility e.g. a prison or police
cell, a room in a hospital or care home, or even room in the
home, workplace or leisure facility such as a gym, but able
to freely move within the room would be useful, but is much
more difficult. In real life subjects mix periods of high
activity and large movement with periods of relative immo-
bility (seated or lying), will in general be clothed and have
bedding to cover themselves. Periods of inactivity while
lying down, may coincide with the subject covering them-
selves partly or completely (known as “tenting”) with bed-
ding. Further, within rooms lighting conditions can vary
with time, sometimes rapidly. Secure rooms are sometimes
lit with visible artificial light and are sometimes completely
dark with infrared being the only illumination available. The
conventional video sensors are also quite noisy. Similar
problems of movement and variable illumination occur also
in fields such as fitness and health and well-being in the
home or elsewhere.

[0004] Thus in a video of such an environment there may
be many signals that might be breathing rate. Even move-
ments that are caused by the subject breathing in general will
not be in the same direction. Also even if the true breathing
rate is the strongest signal in the room, it can be perturbed
by the aforementioned environmental factors, or by the
subject’s irregular breathing, making it hard to be certain
that it is the desired signal.

[0005] Many of the prior art proposals for detecting
breathing in video images are actually based on careful
control of the subject being monitored and the lighting
conditions in the environment. Thus although they claim
success in detecting breathing and estimating breathing rate,
in general the subjects were required to remain relatively
still and to breathe evenly, the subjects were not obscured
and the lighting conditions were kept relatively constant.
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Monitoring a freely-moving subject within a room is, in
practice, much more difficult. Existing systems do not
provide vital signs monitoring or breathing rate detection
which can operate reliably in the face of these difficulties.
Being able to detect the breathing rate of a subject in these
less controlled conditions would significantly improve the
ability to monitor the well-being of such a subject and to
comply with a duty of care requirement.

[0006] The present invention provides a method and appa-
ratus for estimating the breathing rate of a respiring subject
in a room from a video image of the whole room which can
reliably provide a breathing rate estimate, or indicate that no
breathing is detected, despite the difficulties mentioned
above. In particular breathing rate can be estimated whether
the subject is covered or uncovered or in any stationary body
pose.

SUMMARY OF THE INVENTION

[0007] A first aspect of the present invention provides a
method of obtaining an estimate of the breathing rate of a
respiring subject in a room from a video image frame
sequence of the room, the method comprising the steps of:

[0008] detecting and tracking image feature points in
the video image frame sequence;

[0009] taking the values of the spatial coordinates of
each of said tracked feature points in each frame of the
video image frame sequence as time series signals;

[0010] selecting those time series signals which corre-
late most strongly with each other;

[0011] calculating the principal components of the
selected time series signals;

[0012] calculating the frequency of at least one of the
principal components; and

[0013] outputting an estimate of breathing rate corre-
sponding to said frequency.

[0014] Forming time series signals from the frame coor-
dinates of the tracked features can provide two time-series
signals for each feature point—one of the x-coordinates and
one of the y-coordinates, or one time series for each feature
point, e.g. the two coordinates can be combined, for example
by applying principal component analysis to the x- and
y-signals and taking the component with the largest eigen-
value.

[0015] An advantage of selecting time series signals which
correlate most strongly with each other is that it is a lot more
sensitive to tiny movements that result in many tracks that
only weakly correlate with the true breathing rate. This
correlation step is not dependent on the breathing signal
having a strong signal/noise ratio, and so would perform
better when the subject is, for instance, covered—e.g. under
a thick duvet.

[0016] The method may further comprise the step of
selecting feature points based upon at least one of: their
spacing across the image, and their strength as returned by
the feature point detecting algorithm. It may also comprise
the step of discarding the weaker of any two selected feature
points whose spacing in a frame of the video sequence is
below a predetermined spacing threshold.

[0017] The step of selecting those time series signals
which correlate most strongly with each other may comprise
forming a matrix of pair-wise signal correlations, effectively
a similarity matrix, and multiplying the matrix by itself m
times (raising it to the power m) to form amplified correla-
tion values, summing for each signal its amplified correla-
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tion values and selecting a plurality of the signals with the
highest summed amplified correlation values. The advantage
of raising the matrix to the mth power is that it amplifies the
connectedness of a signal that belongs to a “clique” of
inter-correlated signals, and weakens the connectedness
scores of signals that do not belong to such cliques.
[0018] The step of selecting the plurality of the signals
may comprise selecting those with a summed amplified
correlation above a predetermined threshold. The threshold
may be calculated based on the median and highest summed
amplified correlation values on the mean/standard deviation
of the correlation values, or on the highest/lowest correlation
values, or similarly. It will be set to achieve the desired result
on examples of test video sequences.

[0019] Preferably the time series signals are pre-processed
by de-trending, change reducing to attenuate large changes
in the signal, and low pass filtering them, and preferably they
are differentiated before their correlation is calculated. The
advantage of this is that because it reduces the impact of
non-linear trends on the correlation. Non-linear trends in the
signal tend to arise because on low-contrast surfaces without
sharp corners (e.g. bed sheets) feature points can sometimes
“wander” noisily.

[0020] The step of calculating the frequency of at least one
of the principal components may comprise taking the first n
principal components, where n is an integer between 1 and
10, preferably 3-8, more preferably 5, calculating a signal
quality index of each of the n components, and selecting the
best quality component for the steps of calculating its
frequency and outputting a breathing rate estimate.

[0021] Preferably several signal quality indexes are cal-
culated for each component, a first representing extremum
(e.g. peak or trough) consistency, a second representing the
correlation between the component and the selected signals,
and a third representing the spacing of the feature points
contributing to this component. The spacing-related signal
quality index ensures that all the signals that are correlated
with a component have to be tightly spatially grouped in the
video image (calculate the average pairwise distance
between the feature point tracks that the signals originated
from, and ensure it is below a manually set distance thresh-
old). Preferably the frequency of the component has to be
above a minimum cutoff (7.5 bpm). This is because for
certain window sizes (20 seconds) the peak consistency SQI
becomes particularly unreliable for frequencies less than 7.5
bpm.

[0022] Preferably feature points which do not persist in the
video image sequence for more than a preset number of
frames, e.g. the whole time window being processed, are
discarded. Avoiding using incomplete tracks improves the
quality of the results.

[0023] One embodiment of the invention provides a
method and apparatus for extracting a breathing rate esti-
mate from video images of a respiring subject. Signals
corresponding to the spatial coordinates of feature points
tracked through the video sequence are de-trended and
excessively large changes are attenuated to reduce move-
ment artefacts. The signals are differentiated and signals
which correlate most strongly with other signals are
selected. The selected signals are subject to principal com-
ponent analysis and the best quality of the top five principal
components is selected, assuming its signal quality is above
a predetermined threshold, and its frequency is used to
calculate and output a breathing rate estimate. If no principal
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component is above the signal quality threshold(s), then a
breathing rate estimate is not output. Knowing when to
output an estimate and when not to output an estimate is
highly advantageous when processing video images of
whole rooms as there may be many periodic signals not
relating to breathing, such as other repetitive movements—
e.g. foot tapping, rocking, fidgeting, walking and so on. The
method is particularly suitable for detecting respiration in
subject in secure rooms where the video image is of sub-
stantially the whole room and the subject is only a small part
of the image, and maybe covered or uncovered. The step of
attenuating the signals may involve comparing frames sepa-
rated by one 0.1 to 0.5 seconds or 0.2 to 0.3 seconds, and
reducing signal amplitudes above a predetermined maxi-
mum to the predetermined maximum. This is preferably
conducted on the differential signals, and the attenuated
differential signals are then reintegrated.

[0024] Another embodiment of the invention provides a
method and apparatus for extracting a breathing rate esti-
mate from video images of a respiring subject. Signals
corresponding to the spatial coordinates of feature points
tracked through the video sequence are filtered and exces-
sively large changes are attenuated to reduce movement
artefacts. The most suitable signals according to a signal
quality index favouring strong periodicity are selected and
similar signals are clustered. The largest cluster of signals
which have a good quality signal index are selected and the
frequency of each of the signals in the cluster is calculated,
for example using peak counting. The median frequency of
the signals in the selected cluster is output as the breathing
rate estimate. The method is also suitable for detecting
respiration in subject in secure rooms where the video image
is of substantially the whole room and the subject is only a
small part of the image, and maybe covered or uncovered.
[0025] The invention will be further described by way of
non-limitative example, with reference to the accompanying
drawings in which:—

[0026] FIG. 1 schematically illustrates a subject in a
secure room and an apparatus in accordance with one
embodiment of the invention;

[0027] FIG. 2 schematically illustrates example frames
from a video image frame sequence;

[0028] FIG. 3 schematically illustrates signals extracted
from a video image frame sequence;

[0029] FIG. 4 is a flow diagram explaining the signal
processing in accordance with one embodiment of the
invention;

[0030] FIG. 5 is a continuation of the flowchart of FIG. 4;
[0031] FIG. 6 is a flowchart illustrating an alternative
embodiment of the invention;

[0032] FIG. 7 (A) to (F) illustrate an example signal and
its processing according to an embodiment of the invention;
[0033] FIG. 8 is a frame of a video sequence to which an
embodiment of the invention has been applied to produce
the signal of FIG. 7

[0034] An embodiment of the invention will now be
described with reference to its application to monitoring of
a subject in a secure room such as a prison cell or police cell
although it should be understood that the method and
apparatus are applicable in other applications such as clini-
cal applications in hospitals or health and wellbeing appli-
cations such as gyms and health facilities, or to monitoring
in the home.
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[0035] FIG. 1 schematically illustrates a secure room 1
occupied by a respiring subject 3 who is monitored by a
video camera 5 and is illuminated selectively by visible
spectrum artificial lighting 11 or infrared lighting 13. The
output from the video camera is a conventional digital video
output consisting of a series of image frames, typically at
twenty frames per second, with red, green, blue and infrared
intensities across the image as pixel values forming each
frame. The video signal is processed by a signal processor 7
and the results are displayed on a display 9. The results may
be an estimate of the breathing rate, or an indication that no
breathing can be detected, together with an indication of the
length of time for which no breathing was detected. The
signal processor 7 may be a dedicated signal processor or a
programmed general purpose computer. The display 9 may
display the video image, as well as other information such
as other vital signs data.

[0036] This embodiment of the invention is based on
detecting breathing by tracking periodic movement in the
video image of the room. Thus the video camera 5 provides
an image not only of the subject, but also of the room. By
detecting periodic movement in the expected physiological
range for breathing and measuring the frequency of this
periodic movement, an estimate of breathing rate can be
obtained and displayed on display 9. The periodic movement
may be movement of parts of the body of the subject 3,
movement of articles associated with or in contact with the
subject such as clothing or bedding, or manifested as peri-
odic changes in intensity in certain regions in the image.

[0037] As illustrated in FIG. 4, in a first step 99 the image
is smoothed—e.g. using Gaussian smoothing and then in
step 100 feature points in the video sequence are detected.
This may be conducted on a grayscale image formed from
the RGB channels, e.g. by averaging them. There are many
ways of detecting feature points in a video sequence using
off-the-shelf video processing algorithms. For example, fea-
ture points consisting of recognisable geometrical shapes
such as corners or edges can be detected based, for example,
on the gradient of intensity variation in one or two dimen-
sions and any such algorithm which identifies image feature
points can be used in this invention. A feature point detecting
and tracking algorithm usable with this invention is KLT
tracking looking for Harris features, SIFT features, ORB/
SURF features.

[0038] Most feature point detecting algorithms will gen-
erate many more candidate feature points than are required.
For the purposes of the present invention the feature points
are preferred which are strong and relatively evenly spaced.
This is achieved in an iterative process in step 101 by
selecting feature points found by the feature point detecting
algorithm based on two metrics: one based on the strength
of the point as measured and output by the feature point
detecting algorithm (the strength might be, for example the
intensity gradient, but all algorithms output some measure of
strength), and one which is the distance to already selected
feature points. Thus a first feature point from those gener-
ated by the feature point detecting algorithm is selected, e.g.
the strongest, and then the distance from all other feature
points to the selected feature point is measured. A weighted
combination of each feature point’s strength and distance to
the already selected point is found, and the one with the
highest value is selected. The minimum distances of the
remaining feature points to the closest of the two already
selected feature points are recalculated, the weighted com-
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bination of strength and minimum distance recalculated, and
the feature point with the highest value is selected. This
process of calculating distances to the closest of the already
selected feature points and selecting the one with the highest
combination of strength and distance continues until the
desired number of feature points, e.g 200 has been selected.
This process of selecting feature points can be repeated any
time the number of feature points falls below a desired value
as a result of some subsequent step.
[0039] Instep 102 a sequence of video frames is taken for
processing as a batch, such as four hundred frames (corre-
sponding to twenty seconds of video at a conventional frame
rate of twenty frames per second). The x coordinates and y
coordinates of all of the selected feature points that are
present in all one four hundred frames of the sequence are
then taken. The variation in x coordinate or y coordinate of
each feature point through the frame sequence is then taken
as a signal (which may or may not include a breathing
movement component) to be processed. Thus step 104 will
output n signals where n is twice the number of feature
points tracked. FIG. 2 illustrates schematically three frames
of a video image frame sequence, the frames being at t—1,
t and t+1, with a number of detected feature points 20, 21,
22 in them. Each detected feature 20, 21, 22 point will
contribute an x, y coordinate pair and the variation of the x
and y coordinate of each of these pairs through the sequence
(i.e. as a function of time) is taken as a signal. FIG. 7(A)
shows a single example signal from a video sequence of
which FIG. 8 is a single frame with points which are the
sources of these signals marked as dots.
[0040] In step 106 the n signals are de-trended, e.g. by
subtracting the best-fit line through the data (best-fit calcu-
lated for example by least squares), resulting in a signal such
as that shown in FIG. 7(B), and in step 108 a change
reduction process is applied to attenuate excessively large
movements and thus reduce movement artefacts. As an
example the frame to frame differences in the signals can be
calculated and any change which is larger than three times
the first to third interquartile range is reduced to three times
the interquartile range. An example of an algorithm to
achieve this is:

[0041] Calculate the frame-to-frame differences of the

signal (i.e. calculate the first derivative of the signal)

[0042] Sort the frame-to-frame differences in order of
magnitude
[0043] Find the first and third quartile of this sorted

range (25% largest, 75% largest)

[0044] Calculate the difference between the first and
third quartile, and multiply by a given constant (chosen
empirically)—this is the “scaled inter-quartile range”

[0045] For every frame-to-frame difference, if the abso-
lute difference (irrespective of sign) is greater than the
scaled inter-quartile range, then reduce it to the scaled
inter-quartile range.

[0046] Reintegrate the signal (by calculating the cumu-
lative sum of the frame-to-frame differences).

[0047] In this process the frame-to-frame differences can
be calculated between adjacent frames, or between pairs of
frames separated by a short time, e.g. from 2 to 10 frames
apart (to achieve 0.1 to 0.5 seconds spacing), more prefer-
ably 4-6 frames apart (to achieve 0.2 to 0.3 second spacing).
[0048] Optionally the signal is then normalised to a zero
mean and standard deviation of one by standard signal
processing techniques. In step 110 a low pass filter is applied
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to the signals, such as Gaussian smoothing, for example with
a pass band of zero to thirty breaths per minute (0-0.5 Hz).
FIG. 7(C) shows the signal of FIG. 7(A) after this detrending
and smoothing processing.

[0049] FIG. 5 shows the subsequent processing according
to a first embodiment.

[0050] In step 120, the first derivative of each of the
signals S, to S, is taken. This is simply a matter of subtract-
ing the value of the signal at each time point from the value
at the preceding time point. FIG. 7(D) shows the first
derivative of the de-trended and smoothed signal of FIG.
7(C). Subsequent processing in FIG. 5 occurs on the deriva-
tive signals. In step 122 the derivative signals are low passed
filtered, e.g. by calculating a moving average, and then in
step 124 the absolute Pearson correlations ¢, (i=1 to n)
between all pairs of derivative signals S,"to S, is calculated,
these correlations forming an nxn correlation matrix.

Cil -~ Cln
c=|: -
Cpl oo Cpn

[0051] Each element in the matrix represents the correla-
tion between two derivative signals. In step 126 the matrix
is multiplied by itself in a matrix product m times
(m=between 4 and 128) to strengthen “cliques” of derivative
signals. A clique is a group or cluster of derivative signals
that all correlate well with each other. This is effectively
raising the matrix to the m™ power and as a result the high
correlations are increased compared to the rest.

[011 Cln] [011 . Cln ] [611 . Cln
Cpl oo Cpp Cpl «vn Cpy Cpl - Cpp
[0052] The parameter m is used to tune the algorithm and
its value is selected to achieve the desired quality of results
within a reasonable time. A higher m is generally better but
results in higher computation times. It is tuned by running
the algorithm with different values of m on a number of test
video sequences and observing the results. Typically values

of m between 10 and 50 give a reasonable balance of quality
and computation speed.

[0053] In step 128, a score for each derivative signal is
found by summing either the row values or column values
(they are the same) which can be achieved by multiplying
the matrix Cm by a unit column or row vector of size n.

[0054] The derivative signals are then sorted based on
these scores in step 130 and the top score and medium score
are noted. A threshold is calculated in step 132 from the
median score and top score, for example the threshold equals
M+(T-M)x0.2, and then in step 134 principal component
analysis is applied to the surviving derivative signals. In step
136 the top five principal components are taken and three
signal quality indices SQI1, SQI2 and SQI3 are calculated
for each principal component in step 138.

[0055] For example, one signal quality index SQI1 can be
ameasure of the extrema (peaks and/or troughs) consistency.
One way of forming such a measure is to:
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[0056] Perform extrema finding on the signal to find all
peaks/troughs (using a standard technique).

[0057] Find the distances between all adjacent peaks/
troughs
[0058] Calculate the Coeflicient of Variation (defined as

standard deviation divided by the mean) of these dis-
tances—this is the peak consistency (smaller values
indicate better peak consistency)

[0059] Signals with fewer than 5 peaks+troughs are
discarded (given an infinite peak consistency)

[0060] A second signal quality index SQI2 can be obtained
by calculating the correlation between each principal com-
ponent and the surviving derivative signals from step 134
and counting how many are above a predetermined corre-
lation threshold. FIG. 7(F) shows the constituent signals
which are similar in frequency and phase to the best-scoring
PCA component representing the breathing rate for the
signals from the video sequence of which FIG. 8 is a frame.
In FIG. 8 the locations from which these components
originate are marked differently from the other dots—they
are around the head and shoulders of the subject, with one
on the wall of the room being caused by a reflection.

[0061] A third signal quality index SQI3 is the average
pair-wise distance between all the derivative signals that
correlate well (i.e. above a predetermined threshold) with
the principal component. The aim is to select signals that
correlate well and are from the same region in the image.

[0062] Having obtained the signal quality indexes for each
principal component, in step 140 whichever principal com-
ponent has signal quality indexes above a threshold (or if
more than one satisfies this requirement, then the principal
component which also has the best signal quality measured
by one SQI or a combination of SQIs) is taken and its
frequency calculated. The frequency can be calculated by
peak counting or by spectral analysis (e.g. FFT). If the
frequency is above 0.125 Hz (7.5 breaths per minute) this
frequency is used to output in step 142 an estimate of the
breathing rate, for example if the breathing rate is required
in breaths per minute and the frequency is in Hertz, the
breathing rate estimate is sixty times the frequency. FIG.
7(E) shows the best-scoring PCA component from signals
derived from the video sequence of which FIG. 8 is a single
frame.

[0063] FIG. 6 shows an alternative process to that of FIG.
5, this being a second embodiment of the invention. In steps
412 and 414 the subset of the signals which have the best
signal quality are selected. A variety of signal quality
measures are usable as above. These may be measures of its
periodicity, its overall amplitude (how much the tracks
move), the power ratio between certain frequency bands of
the signal, and the amplitude consistency For example,
suitable signal quality indexes are obtained by measuring the
peak, trough and amplitude consistencies, e.g. by measuring
peak to peak times in each signal, taking the standard
deviation and the natural log of the standard deviation,
measuring the trough to trough times and taking the natural
log of the standard deviation of the trough to tough to trough
times and measuring the amplitude of each cycle of the
signal and taking the natural log of the standard deviation of
the amplitudes, these quantities being illustrated in the
signal S, of FIG. 3. In this embodiment a signal quality
index (SQI) is calculated which is log SD +max of
(log SD,, or log SD,,).

amplitude
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[0064] The signals are then ranked according to the signal
quality index and in step 414 a subset of them which have
the best SQT are taken, for example the best m=60 signals are
taken, and the rest are rejected. If there are insufficient
signals with a signal quality index above a preset threshold,
then the process stops and no breathing rate estimate is
output for this subject of video frames. In that case, the next
batch of video frames, for example, a batch of four hundred
frames starting one second after the start of the preceding
batch would be taken and processed. If no breathing rate
estimate is output after a pre-set number of seconds, an
alarm may be generated and displayed on display 9.
[0065] Assuming that there are a sufficient number of
signals with a satisfactory signal quality index, in step 416
the frequency of each of the signals is calculated, for
example by using the peak to peak and trough to trough
times and averaging them or by looking for the frequency
which has the strongest peak in a power spectrum (e.g. FFT)
of the signal.

[0066] Although a breathing rate estimate could be calcu-
lated by, for example, averaging these frequencies from the
sixty signals, in the present embodiment further processing
is conducted to increase the chances that the periodic signal
being detected is a breathing rate signal. This is achieved by
clustering similar signals and then taking the largest cluster
which has good signal quality index. In more detail, in step
418 the signals are clustered, for example using the magni-
tude of the Pearson correlation and preferably also by
examining the distance between the feature points in the
image and clustering signals which come from feature points
that are close together. It should be noted that for detecting
breathing movement, signals may be in phase or antiphase,
which is why the magnitude of the correlation is used. Thus
in the clustering process, random pairs of signals are taken
and compared to each other with the two being formed into
a cluster if the magnitude of their correlation is above a
threshold and if they originate from feature points which are
not spaced by more than a certain amount. [I think we
probably need to give examples of the thresholds and how
this is done in more detail]. When two signals are to be
clustered, they are averaged together to provide an average
signal which is then compared to other signals as the
clustering process continues.

[0067] This will generally result in a relatively small
number of signal clusters, with each cluster including a
different number of signals. In step 420, the signals within
each cluster are averaged together and in step 422 the
average signals are ranked by the number of signals from
their cluster and, assuming that at least one cluster has more
than a minimum number of signals, the averaged signal from
the largest cluster is taken and in step 424, its signal quality
index is recalculated. The signal quality index may be the
same as the signal quality index used in step 412, or maybe
a different signal quality index. In step 426 if the signal
quality index of the averaged signal from the largest cluster
is above a pre-set threshold, the median frequency of all of
the signals in that cluster is calculated and in step 428 this
frequency is used to output an estimate of the breathing rate.
For example, if the breathing rate is required in breaths per
minute and the frequency is in Hertz, the breathing rate
estimate is sixty times the median frequency.

[0068] Having output a breathing rate estimate, by either
the process of FIG. 5 or FIG. 6, the process repeats on the
next batch of video frames. Preferably the batches are
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frames from overlapping time windows, moved along by a
time increment such as one second which, with a twenty
second window length, implies an overlap of nineteen
seconds. However, different length time windows and dif-
ferent overlaps may be selected as desired.

[0069] The video camera 5 is capable of recording video
under natural light or infrared light and the method of the
invention is effective in detecting respiration signals in both
types of video image. The invention can also detect respi-
ration whether the subject is covered or uncovered and in
any position within the video image.

[0070] The invention may be embodied in a signal pro-
cessing method, or in a signal processing apparatus which
may be constructed as dedicated hardware or by means of a
programmed general purpose computer or programmable
digital signal processor. The invention also extends to a
computer program for executing the method.

1. A method of obtaining an estimate of the breathing rate
of a respiring subject in a room from a video image frame
sequence of the room, the method comprising the steps of:

detecting and tracking image feature points in the video

image frame sequence;

taking the values of the spatial coordinates of each of said

tracked feature points in each frame of the video image
frame sequence as time series signals;

selecting those time series signals which correlate most

strongly with each other;

calculating the principal components of the selected time

series signals;

calculating the frequency of at least one of the principal

components; and

outputting an estimate of breathing rate corresponding to

said frequency.

2. The method according to claim 1, wherein the step of
selecting those time series signals which correlate most
strongly with each other comprises forming a matrix of
pair-wise signal correlations and multiplying the matrix by
itself to form amplified correlation values, summing for each
signal its amplified correlation values and selecting a plu-
rality of the signals with the highest summed amplified
correlation values.

3. The method according to claim 2, wherein the step of
selecting a plurality of the signals comprises selecting those
with a summed amplified correlation above a first threshold.

4. The method according to claim 1, further comprising
the step of selecting feature points based upon at least one
of: their spacing across the image and their strength.

5. The method according to claim 4, further comprising
the step of discarding the weaker of any two selected feature
points whose spacing in a frame of the video sequence is
below a predetermined spacing threshold.

6. The method according to claim 1, wherein the time
series signals are differentiated before their correlation is
calculated.

7. The method according to claim 1, wherein the step of
calculating the frequency of at least one of the principal
components comprises taking the first n principal compo-
nents, where n is an integer between 4 and 10, calculating at
least one signal quality index of each of the n components,
and selecting the best quality component for the steps of
calculating its frequency and outputting a breathing rate
estimate.

8. The method according to claim 7, wherein at least one
of the following signal quality indexes is calculated for each
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component, a first signal quality index representing extre-
mum consistency, a second signal quality index representing
the correlation between the component and the selected
signals, a third signal quality index representing the distance
in the video image between the tracked feature points
corresponding to the signals.

9. The method according to claim 8, wherein the step of
selecting the best quality component comprises selecting a
component with one or a combination of: an extremum
consistency above a predetermined consistency threshold, a
correlation between the component and the selected signals
above a predetermined correlation threshold, a distance in
the video image between the tracked feature points corre-
sponding to the signals below a predetermined distance
threshold.

10. The method according to claim 1, wherein feature
points which do not persist in the video image sequence for
more than a preset number of frames are discarded.

11. The method according to claim 1, further comprising
the step of attenuating the signals by comparing frames
separated by one of the ranges: 0.1 to 0.5 seconds, 0.2 to 0.3
seconds, and reducing signal amplitudes above a predeter-
mined maximum to the predetermined maximum.

12. An apparatus for estimating the breathing rate of a
respiring subject in a room from a video image frame
sequence of the room, the apparatus comprising:

a video camera for capturing a video image sequence of

the subject;
an image data processor configured to execute the steps of:
detecting and tracking image feature points in the video
image frame sequence;
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taking the values of the spatial coordinates of each of said
tracked feature points in each frame of the video image
frame sequence as time series signals;
selecting those time series signals which correlate most
strongly with each other;
calculating the principal components of the selected time
series signals;
calculating the frequency of at least one of the principal
components; and
outputting an estimate of breathing rate corresponding to
said frequency; and
a display for displaying the estimate of the breathing rate.
13. A computer program comprising program code means
for executing on a computer system
a method comprising the steps of:
detecting and tracking image feature points in the video
image frame sequence;
taking the values of the spatial coordinates of each of
said tracked feature points in each frame of the video
image frame sequence as time series signals;
selecting those time series signals which correlate most
strongly with each other;
calculating the principal components of the selected
time series signals;
calculating the frequency of at least one of the principal
components; and
outputting an estimate of breathing rate corresponding
to said frequency.

* ok %k
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