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(57)  Amethod and an apparatus for monitoring a hu-
man or animal subject in a room use video imaging of
the subject and analysis of the video image to derive an
estimate of vital signs such as heart rate or breathing
rate. The method includes determination of whether the
subject in the images is still or moving, and whether any
of the regions from which vital signs are being detected
are not on the subject. The subject’'s movement may be
manually or automatically detected, and the determina-

IMPROVEMENTS IN OR RELATING TO VIDEO MONITORING

tion of whether regions from which vital signs are being
detected are not on the subject can be input manually,
by displaying the regions to the user in a visually distin-
guishable manner, or automatically. Vital signs measure-
ments are only displayed if the subject is determined as
being still and if there are no regions in the image which
are returning vital signs signals but are not determined
as being on the subject.
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Description

[0001] The present invention relates to a method and
apparatus for monitoring a human or animal subject, and
in particular a subject within an enclosed area, e.g. a
room such as a secure room.

[0002] There are many situations where a subject is in
an enclosed environment, such as a room in a hospital,
secure room in a prison or hospital, or even a home en-
vironment, where a duty of care is placed on an authority
responsible for the subject. To comply with such duty of
care requirements, it is conventional to monitor subjects
in such environments. Such monitoring may comprise
regular, scheduled visual checks by a member of staff
and/or continuous video monitoring of the subject in the
room. While such monitoring can be effective, difficulties
can arise with the subject’s health changing quickly be-
tween scheduled checks, or with a lack of movement of
the subject being misinterpreted. For example, a subject
who is lying still on a bed or on the floor may be resting
or asleep, or may have a suffered a deterioration in
health. Subjects who are under the influence of alcohol
or drugs or suffering a mental condition may behave in
ways which are abnormal and difficult for staff observing
them to interpret correctly. It would therefore be useful
to have a way of monitoring the subject which provides
an indication of their health.

[0003] Monitoring of vital signs offers the possibility of
mitigating some of these problems, but traditional con-
tact-based vital signs sensors are restrictive and incon-
venient, and some subjects may not co-operate with their
use. Recentdevelopments demonstrating that vital signs
such as heart rate or breathing rate can be detected in
videoimages of the human body, where the video images
are obtained using a standard video camera, are of sig-
nificant interest. For example Verkruysse etal., "Remote
plethysmographic imaging using ambient light", Optics
Express, 16 (26), 22 December 2008, PP. 21434-21445
demonstrated that changes in reflectivity or transmittivity
of the subject’s skin caused by cardiac synchronous var-
iations in the volume of oxygenated blood in the skin cap-
illaries, known as photoplethysmographic image or PPGi
signals, could be detected in the video signal from a con-
ventional consumer standard video camera where a hu-
man subject was illuminated under ambient light. This
idea has been developed further in, for example, WO-
A2-2013/027027, WO-A-2011/021128 and WO-
A1-2015/049150 which aim to increase the reliability of
the detection of the remote PPG signal.

[0004] The paper "Distance PPG: robust non-contact
vital signs monitoring using a camera" by Mayank Kumar
et al.; 6 April 2015; Biomedical Optics Express 1565, 1
May 2015, Vol. 6 No. 5, discusses a method of combining
skin-colour change signals from different tracked regions
of a subject’s face using a weighted average, where the
weights depend on the blood perfusion and incident light
density in the region to improve the signal-to-noise ratio
of the camera-based estimate. It discusses the various
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challenges for camera-based non-contact vital sign mon-
itoring and proposes that improvements in the signal-to-
noise ratio of the camera-based estimates reduces the
errors in vital sign estimation.

[0005] Many of the prior art techniques have been
based on careful control of the subject being monitored
and the lighting conditions in the environment. Thus, al-
though they claim success in detecting the heart rate or
vital signs of the subject, in general the subjects were
required to remain relatively still, the subjects were not
obscured and the lighting conditions were kept relatively
constant.

[0006] Other techniques based on detecting fine
movement associated with breathing or heart beat or a
combination of movementand PPGi have also been pro-
posed. In the health and security monitoring fields pro-
posals have also been made for detecting and classifying
the gross movement of subjects in a video image as dan-
gerous or non-dangerous, for example the proposal for
detecting clonic seizures as described in the paper "Real-
time automated detection of clonic seizures in newborns"
by Pisani et al..

[0007] Another common problem with such video im-
age analysis is finding and tracking the subject in the
video image. The human body is naturally deformable
and the orientation of the subject with respectto camera’s
view point can vary significantly. Also the subjects may
be still, in which case motion-based detection and track-
ing can fail, or may move significantly or in unpredictable
ways, which can be difficult for feature-based techniques.
Even in a relatively simple visual scene, such as a single
human subject in a fairly plain room (as may be found in
care or secure institutions such as hospitals, care homes,
detention centres or prisons), subjects may be covered
with bedclothes, which can make them difficult to detect
automatically, and actions such as throwing bedclothes
across the room can cause image features which were
previously associated with the subject to move across
the image and thus be tracked, despite the fact that they
are not of interest. Subjects mix periods of high activity
and large movement with periods of relative immobility
(seated or lying), will in general be clothed and have bed-
ding to coverthemselves. Thus, periods of inactivity while
lying down, may coincide with the subject covering them-
selves partly or completely (known as "tenting") with bed-
ding. Further, illumination may vary between daylightand
artificial light and secure rooms are sometimes lit with
visible artificial light and are sometimes completely dark,
with infrared being the only illumination available. Other
sources of regular or irregular movement may also ap-
pear in the scene being monitored - e.g. insects flying in,
ventilation fans, domestic appliances

[0008] Also, the arrangement of the video monitoring
apparatus itself may cause difficulty for the video analy-
sis. For safety reasons the video camera or cameras
have to be positioned out of reach of the subject, normally
high in a corner of the room. This means that the view of
the subject tends to compressed by perspective and the
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subject is only a relatively small fraction of the field of
view. Further, because the monitoring has to continue in
the dark (when the subject is asleep), it is normal to use
a monochrome infrared camera, which means that tech-
niques relying on full colour images do not work.

[0009] In the context of monitoring the health and wel-
fare of subjects for whom an institution may have a duty
of care, the reliability of the system in real conditions is
paramount, otherwise the system cannot be relied upon
as helping discharge the institution’s duty of care.
[0010] Existing systems do not provide monitoring, in-
cluding vital signs monitoring such as heart or breathing
rate detection, which operates reliably in the face of these
difficulties associated with the wide variety of poorly-con-
trolled settings in which such monitoring may be used.
[0011] Similar problems of movement and variable il-
lumination occur also in other fields such as fitness and
health and well-being in the home or elsewhere.

[0012] Being able to monitor a subject in these less
controlled conditions and provide practically useful infor-
mation would significantly improve the ability to monitor
the well-being of such a subject and to comply with duty
of care requirements, particularly in the health or security
field. As with all monitoring systems, the primary need is
to avoid excessive false alarming and also to avoid ex-
cessive under alarming. Excessive false alarming leads
to monitoring systems being ignored by staff, or switched
off. Excessive under alarming leads to a lack of trust in
the system and does not meet the basic requirements of
the monitoring system.

[0013] The present invention therefore provides a
method of monitoring a human or animal subject com-
prising the steps of: capturing a video image of the sub-
ject; analysing the video image to determine one or more
vital signs of the subject; displaying to a user a graphical
user interface comprising an icon indicative of the mon-
itoring of the subject; determining whether the subject is
still; if the subject is determined as still, determining
whether all regions of the video image from which vital
signs are detected are on the subject; if all regions of the
video image from which vital signs are detected are on
the subject, displaying the determined vital signs.
[0014] The method therefore provides for a verification
step that the subject is in the image and that the subject
is still, such that the vital signs measurement can be ex-
pected to be valid, or moving, meaning that the vital signs
estimation may not be valid but that the subject is alive.
This also means that rather than simply presenting vital
signs, the method inherently includes some form of status
and identity check of the subject. Further, because it is
established that the vital signs measured in the video
image are coming from the subject, rather than extrane-
ous signal sources which may resemble the periodic sig-
nals representative of vital signs, the vital signs meas-
urementis morereliable. For example, the method would
not be confused by the presence of a fan or some other
powered equipment generating periodic movement or
periodic intensity variations.
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[0015] In one embodiment the step of determining
whether the subject is still comprises displaying a video
image of the subject to the user and asking the user to
input whether or not the subject is still. Thus the graphical
user interface displays a request for the user to input their
determination of whether the subject is still or moving. In
an alternative embodiment the subject may be automat-
ically detected in the image, for example using a conven-
tional single shot detection (SSD) algorithm, with corre-
sponding automatic detection of whether the subject is
still or moving. Movement may be automatically detected
by using a technique such as that in the paper by Pisani
et al mentioned above or other techniques such as cal-
culating the differences in pixels between consecutive
frames or tracking the movements of features in the im-
ages.

[0016] The step of determining whether regions of the
video image from which vital signs are detected are not
on the subject may comprise displaying a video image
of the subject with an indication in the displayed image
of where vital signs are detected. For example, regions
of interest used by the algorithm for detecting vital signs
may be displayed in a visually distinguishable way, for
example by outlining them or by changing their intensity
or colour. Alternatively, icons may be overlaid over the
entire regions of interest, or over their centre. The regions
of interest may be displayed as shapes, such as regular
geometric shapes, e.g. circles, rectangles, ovals, el-
lipses, whose centres indicate the centre of mass of a
set of highly correlated vital sign signals. The regions of
interest may be displayed as shapes whose centres in-
dicate the centre of mass of a set of highly correlated
vital sign signals, weighted by the strength of the signals.
The size of the shapes, e.g. where the shapes are circles,
their radii, may indicate the spatial distribution of the sig-
nals.

[0017] Inone embodimentthe graphical user interface
displays a request to the user to input the result of a user
determination of whether the regions of the image from
which vital signs are being detected are on the subject
or not, or more particularly whether there all such regions
are on the subject. In an alternative embodiment, the
presence of regions from which vital signs are being de-
tected that are not on the subject can be conducted au-
tomatically, using the same automatic detection of the
human subject in the image as mentioned above.
[0018] In one embodiment, upon selection by the user
of the icon indicating monitoring of the subject, the meth-
od may further comprise: displaying a menu of selectable
steps, one of said selectable steps being to take an ob-
servation of the vital signs of the subject; and upon se-
lection of the step of taking an observation of the vital
signs of the subject, performing the steps of determining
if the subject is still and if all areas producing vital signs
signals are on the subject.

[0019] In another embodiment of the invention, the
method is extended to monitor a plurality of subjects si-
multaneously. For example, the graphical user interface
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may display an icon corresponding to each subject or
room, with the user being able to select an individual icon
and thus access the monitoring for that subject or room.
The icons may simply indicate the room or subject, or
may inherently include an indication of the status of the
subject or room. For example, they may indicate whether
or not the room is occupied by a human or animal subject,
they may indicate a current estimate of the status of the
subject, such as moving or not moving, and optionally
may indicate a health status based on vital signs detec-
tion.

[0020] Another aspect of the invention provides appa-
ratus for monitoring a subject in a room, the apparatus
comprising a video camera configured to capture a video
image sequence of the subject in the room, a data proc-
essor configured to automatically process the video im-
age as specified above, and a display for displaying the
output, the apparatus executing the method above.
[0021] The video camera may be a standard digital vid-
eo camera so that the video image sequence is a con-
ventional frame sequence with each frame comprising a
spatial array of pixels of varying intensities and/or col-
ours. The camera may be monochrome or may be a col-
our camera providing pixel intensities in the red, green
and blue channels.

[0022] The video image sequence may be time-win-
dowed, i.e. divided into batches of successive frames for
processing, and the steps of subject tracking, movement
measurement and vital signs estimation are conducted
on the time windows. The time windows may be of, for
example, 900 frames, corresponding to 1 minute at 15
frames per second. Successive time windows may be
overlapping, for example by 0.9 seconds.

[0023] The invention may also be embodied in a com-
puter program for processing a captured video image
sequence in accordance with the invention and for out-
putting the results on a display. Such a computer program
may run on a general purpose computer of conventional
type.

[0024] The invention will be further described by way
of non-limitative example with reference to the accom-
panying drawings in which:-

Figure 1 schematically illustrates a room containing
a subject under monitoring in accordance with an
embodiment of the invention;

Figure 2 schematically illustrates one screen of a
graphical user interface in one embodiment of the
invention;

Figure 3 schematically illustrates one screen of a
graphical user interface in an embodiment of the in-
vention;

Figure 4 is a flow diagram of the overall processing
in one embodiment of the invention;
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Figure 5 is a flow diagram of the process flow in one
embodiment of the invention, and

Figure 6 is an example of a subject under monitoring,
showing an image frame with circles indicating the
areas from which vital signs are being measured.

[0025] Figure 1 schematically illustrates an apparatus
in accordance with an embodiment of the invention being
used to monitor a subject 3 in a room 1a. The room 1a
can be a secure room such as a police or prison cell or
some other detention facility, or could be a room in a
hospital or other care facility such as a care home, shel-
tered accommodation or the subject’'s own home. It may
be one of plural rooms being monitored as indicated by
the neighbouring room 1b. The subject 3 is monitored by
avideo camera 5a whose output is processed by a video
signal processor 7 and the results of the analysis are
displayed on a display 9 which is visible to staff of the
facility. The video signal processor 7 receives inputs from
the video cameras 5b in other rooms. The video signal
processor 7 may be a dedicated signal processor or a
programmed general purpose computer. The rooms may
be naturally lit or may be artificially illuminated using a
visible light source 11 or infrared light source 13.
[0026] The video camera 5a,bis a standard digital vid-
eo camera outputting video data in the form of a se-
quence of image frames, each frame being a pixel array
of intensities in red, green, blue channels. The red, green
and blue channels also give a response in the infrared
range allowing the production of an infra-red (IR) image
useful when the room is dark. Video cameras of this type
typically output the signal at fifteen frames per second,
though of course different frame rates are possible.
[0027] The display 9 preferably displays the video im-
age of the rooms and also displays information regarding
the health or safety of the subject 3. This information is
preferably:-

Whether movement is present.

[0028] Whether the subject is judged to be safe.
[0029] The time since the last vital signs observations
were taken.

[0030] A nomovementand no vital signs alertor alarm.
[0031] Staff monitoring the subject by way of the dis-

play 9 can therefore tell at any given time whether the
subject is considered safe, for example because they are
moving or because the vital signs are being detected and
are in a physiologically normal range, or whether the sys-
tem is unable to detect vital signs and safe movement is
detected (and for how long that situation has persisted),
or that no vital signs and no movement is present, in
which case an alertis generated instructing staff to check
the subject. If the lack of vital signs detection persists for
more than a configurable amount of time an audio and/or
visual alert may be generated to call on staff to check the
subject. Alerts can include a range of electronic notifica-
tion methods including automated telephone message,
paper, SMS, as well as indication on the display 9 with
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the alert containing the condition and location of the sub-
ject and the condition being alerted.

[0032] To estimate the vital signs, such as heart rate
or breathing rate, from the video signals any of the pub-
lished techniques based on analysing the image to detect
a PPG signal may be used, e.g. those in WO-
A2-2013/027027, WO-A-2011/021128 and WO-
A1-2015/049150 or in "Distance PPG: robust non-con-
tact vital signs monitoring using a camera" by Mayank
Kumarthe which are incorporated herein by reference.
These are typically based on detecting a photoplethys-
mogram signal and movements in video images of the
subject and deriving the heart rate and breathing rate
from this PPG signal and body movements associated
with breathing. As schematically illustrated by Figure 4,
the vital signs estimation runs in a separate parallel proc-
ess 304 on the processor 7 under the overall video mon-
itoring process 300. Its output is provided to the user
interface process 302. As these estimation techniques
are known to the person skilled in the art they are not
described in detail here.

[0033] If at any stage the processor 7 does not have
enough signal data to estimate vital signs (for example
because the system is starting from initialisation or be-
cause the subjecthas been moving grossly, which means
that estimation would be required to be re-initialised),
then a display message "acquiring vital signs" is shown
on the display 9 in respect of that subject. If the process
304 is estimating vital signs then it is assessed whether
these are valid current heart rate and breathing rate
measurements. By valid, is meant within the normal
physiological range for this vital sign. If there is no valid
current heart rate or breathing rate then it is assessed
whether there is a relatively recent, for example, less
than 5 seconds old, valid heart rate or breathing rate es-
timate, and if so, then this will be used as the current
heart rate or breathing rate for display via the user inter-
face process 302.

[0034] As well as providing live monitoring information
the system may also record and provide a summary re-
port of the vital signs and any alerts raised during prede-
termined periods, e.g. daily, weekly, monthly, and/or for
the complete period the subject is in the room.

[0035] Figure 2 schematically illustrates one screen of
the graphical user interface 200 displayed on the display
9 by the user interface process 302. As illustrated in Fig-
ure 2, in the graphical user interface 200, individual icons
201,202, 203, 204 are displayed, each representing one
of the rooms 1a, 1b...being monitored. In this embodi-
ment each of the icons includes a label indicating which
room it represents, and an indication of whether the room
is occupied or unoccupied. Depending on the most con-
venient installation method, the indication of whether the
room is occupied or unoccupied can be based on a sen-
sor in the room, a user-controlled setting or analysis of
camera frames to determine whether a person is present
in the room.

[0036] Figure 3 schematically illustrates a screen of
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the user interface 200 which is displayed on the display
9in response to selection of one of the icons 201-204 of
Figure 2. Asillustrated, anicon 301 is displayed overlying
the display of Figure 2, the icon 301 presenting a list of
selectable options 303 for the user to choose. The se-
lectable options include:

e "Take an observation"

*  "View observation history", meaning to display to the
user the previous vital signs measurements made in
the past 24 hours

[0037] One of the options in the list 303 is to "take an
observation", meaning to display to the user the vital
signs of the subject as obtained by the vital signs analysis
process 304. Figure 5 illustrates the process flow in re-
sponse to selection of the "take an observation" option
in Figure 3.

[0038] In response to the user selecting the "take an
observation" option in step 501, it is checked whether or
not the vital signs analysis process 304 is currently re-
turning a vital signs measurement. If not, then the mes-
sage "acquiring" will be displayed on the display 9 in step
502.

[0039] Ifvital signs are present, oronce they have been
acquired, a determination will be made in step 503 as to
whether the subject is still. This may be manual or auto-
matic. In the manual embodiment the graphical user in-
terface 200 displays the question "Is the subject still?"
and offers clickable icons for the user to choose "Yes" or
"No". The user makes the determination based on the
displayed video image 302 and clicks the appropriate
icon.

[0040] In the automatic embodiment a standard algo-
rithm for detecting a human subject in an image such as
the single shot detection algorithm is used, together with
a standard algorithm for detecting movement of the sub-
ject such as calculating the differences in pixel values
between frames over time, or using optical flow to track
features in the frames and measuring the velocity with
which the features move.

[0041] If the subject is not determined in step 503 as
being still, it will mean that a vital signs measurement
cannotbe taken or will not be accurate and so the process
is abandoned in step 504. Alternatively, if the subject is
determined as still, then a determination is made in step
505 of whether the vital signs being detected by the vital
signs analysis process 304 are all coming from regions
of the image which are on the subject 3. Again, this can
be performed manually or automatically.

[0042] Inthe manual embodiment, the processor 7 dis-
plays in the video image 302 the regions of the image
from which vital signs are being detected by the vital signs
analysis process 304. This may be by outlining them, or
changing their intensity or colour, or displaying an icon
overlying such regions. Figure 6 shows an example dis-
play from a manual embodiment in which circles 60 in-
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dicate the regions from which vital signs are being de-
tected. In Figure 6, heart rate is being measured from
the skin on the face of the subject 3, and breathing rate
is being measured from movements of the chest and ab-
domen. The processor also displays a question to the
user asking whether any of the displayed indicators are
not on the subject and provides for clickable icons for the
user to indicate "Yes" or "No" answers.

[0043] Inthe automatic embodiment, the processor us-
es automatic subject detection as above, and determines
whether any of the regions from which the vital signs
analysis process 304 is returning vital signs, are not on
the automatically detected subject 3.

[0044] If any of the regions from which vital signs are
being detected are not on the subject, this means that
there are extraneous signal sources and the vital signs
estimation is not reliable. Consequently the process
abandons in step 504. Alternatively, if the only regions
from which vital signs are detected are on the subject, it
can be assumed that the vital signs measurements are
meaningful and they are displayed on the display 9 in
step 506.

[0045] The vital signs analysis process 304 may auto-
matically find regions of interest in the video image from
which vital signs are to be assessed, or may use user
input to guide the selection of regions of interest. An ex-
ample of an automated method is to calculate the "centre
of mass" of a set of highly correlated vital sign signals
found by the vital signs analysis process, weighted by
the strength of the signals. The region of interest is then
displayed as acircle whose radius indicates how spatially
distributed these signals are. An example of a user-guid-
ed selection method is to require the user to first define
the region of the image from which vital signs are to be
measured (for example by drawing a rectangle over the
chest region from which breathing rate is to be measured,
or by drawing a rectangle over the whole of the subject’'s
body).

[0046] Although the explanation above is on the basis
of a subject detained in a secure room, the same tech-
niqgue may be used for monitoring the health and well-
being of subjects in other environments such as hospitals
or care homes, the home or workplace or in fithess or
health facilities such as gyms and sports facilities.
[0047] The invention may be embodied in a signal
processing 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 al-
so extends to a computer program for executing the
method.

Claims

1. A method of monitoring a human or animal subject
comprising the steps of:
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capturing a video image of the subject;
analysing the video image to determine one or
more vital signs of the subject;

displaying to a user a graphical user interface
comprising an icon indicative of the monitoring
of the subject;

determining whether the subject is still;

if the subject is determined as still, determining
whether all regions of the video image from
which vital signs are detected are on the subject;
only if the subject is determined as still and all
regions of the video image from which vital signs
are detected are on the subject, displaying the
determined vital signs.

A method according to claim 1 further comprising:
displaying a menu of selectable steps, one of said
selectable steps being to take an observation of the
vital signs of the subject; and

upon selection of the step of taking an observation
of the vital signs of the subject, performing said steps
of determining whether the subject s still, and wheth-
er all regions of the video image from which vital
signs are detected are on the subject.

A method according to claim 1 or 2 wherein the step
of determining whether the subject is still comprises
displaying the video image of the subject and dis-
playing on the graphical user interface a request for
the user to input to the graphical user interface the
result of a user determination of whether the subject
is still.

A method according to claim 1 or 2 wherein the step
of determining whether the subject is still or moving
comprises automatic determination of whether the
subject is still.

A method according to claim 4 wherein the step of
detecting the subjectin the video image is performed
using a single shot detection algorithm.

A method according to any one of the preceding
claims wherein the step of determining whether re-
gions of the video image from which vital signs are
detected are on the subject comprises displaying the
video image of the subject with an indication in the
video image of where vital signs are being detected.

A method according to claim 6 further comprising
the step of displaying on the graphical user interface
a request for the user to input to the graphical user
interface the result of a user determination of wheth-
erthere are any regions of the image from which vital
signs are being detected that are not on the subject.

A method according to claim 6 or 7 wherein the step
of displaying the video image of the subject with an
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indication in the video image of where vital signs are
being detected comprises displaying regions of in-
terest from which vital signs are being detected.

A method according to claim 8 wherein the regions
of interest are displayed as circles whose centres
indicate the centre of mass of a set of highly corre-
lated vital sign signals.

A method according to claim 8 wherein the regions
of interest are displayed as circles whose centres
indicate the centre of mass of a set of highly corre-
lated vital sign signals, weighted by the strength of
the signals.

A method according to claim 9 or 10 wherein the radii
of the circles indicate the spatial distribution of the
signals.

A method according to any one of claims 6 to 11
wherein the step of displaying the video image of the
subject with an indication in the videoimage of where
vital signs are being detected comprises displaying
visual indicators in the image over areas of the video
image from which vital signs are being detected.

A method according to any one of the preceding
claims comprising monitoring a plurality of subjects
simultaneously, and wherein the graphical user in-
terface comprises a respective icon indicative of the
monitoring of each of the respective subjects.

A system for monitoring a human or animal subject
in accordance with the method of any one of the pre-
ceding claims, comprising:

a video camera adapted to capture a video im-
age of the subject;

a display;

a video image processing unit adapted to:

analyse the video image to determine one
or more vital signs of the subject;

display on the display a graphical user in-
terface comprising an icon indicative of the
monitoring of the subject;

obtain a determination of whether the sub-
ject is still;

if the subject is determined as still, deter-
mine whether all regions of the video image
from which vital signs are detected are on
the subject;

only if the subject is determined as still and
all regions of the video image from which
vital signs are detected are on the subject,
display on the display the determined vital
signs.
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Fig. 1
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Fig. 4
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Fig. 6
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