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(54) METHODS FOR VIDEO-BASED MONITORING OF VITAL SIGNS

(57) The present invention relates to the field of med-
ical monitoring, and in particular non-contact, vid-
eo-based monitoring of pulse rate, respiration rate, mo-
tion, and oxygen saturation. Systems and methods are
described for capturing images of a patient, producing

intensity signals from the images, filtering those signals
to focus on a physiologic component, and measuring a
vital sign from the filtered signals. Examples include flood
fill methods and skin tone filtering methods.
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Description

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of U.S. Provisional Application No. 62/297,682 (filed Feb-
ruary 19, 2016); U.S. Provisional Application No.
62/335,862 (filed May 13, 2016); and U.S. Provisional
Application No. 62/399,741 (filed September 26, 2016),
the contents of which are incorporated herein by refer-
ence in their entirety.

BACKGROUND

[0002] Many conventional medical monitors require at-
tachment of a sensor to a patient in order to detect phys-
iologic signals from the patient and transmit detected sig-
nals through a cable to the monitor. These monitors proc-
ess the received signals and determine vital signs such
as the patient’s pulse rate, respiration rate, and arterial
oxygen saturation. An example of a prior art monitoring
system 100 is shown in Figure 1. The system 100 in-
cludes a monitor 110 and a sensor 112 connected to the
monitor 110 by a cable 114. In the example of Figure 1,
the monitor 110 is a pulse oximeter, and the sensor 112
is a finger sensor including two light emitters and a pho-
todetector. The sensor 112 emits light into the patient’s
finger, detects light transmitted through the patient’s fin-
ger, and transmits the detected light signal through the
cable 114 to the monitor 110. The monitor 110 includes
a processor that processes the signal, determines vital
signs (including pulse rate, respiration rate, and arterial
oxygen saturation), and displays them on an integrated
display 116.
[0003] Other monitoring systems include other types
of monitors and sensors, such as electroencephalogram
(EEG) sensors, blood pressure cuffs, temperature
probes, and others.
[0004] Many of these conventional monitors require
some type of cable or wire, such as cable 114 in Figure
1, physically connecting the patient to the monitor. As a
result, the patient is effectively tethered to the monitor,
which can limit the patient’s movement around a hospital
room, restrict even simple activities such as writing or
eating, and prevent easy transfer of the patient to different
locations in the hospital without either disconnecting and
connecting new monitors, or moving the monitor with the
patient.
[0005] Some wireless, wearable sensors have been
developed, such as wireless EEG patches and wireless
pulse oximetry sensors. Although these sensors improve
patient mobility, they introduce new problems such as
battery consumption, infection risk from re-use on se-
quential patients, high cost, and bulky designs that de-
tract from patient compliance and comfort.
[0006] Video-based monitoring is a new field of patient
monitoring that uses a remote video camera to detect
physical attributes of the patient. This type of monitoring

may also be called "non-contact" monitoring in reference
to the remote video sensor, which does not contact the
patient. The remainder of this disclosure offers solutions
and improvements in this new field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 is a perspective view of a pulse oximetry
monitor and sensor according to the prior art.
Figure 2A is schematic view of a video-based patient
monitoring system according to an embodiment of
the invention.
Figure 2B is schematic view of a video-based patient
monitoring system monitoring multiple patients ac-
cording to an embodiment of the invention.
Figure 3A depicts an image frame from a video signal
according to an embodiment of the invention.
Figure 3B depicts an image frame from a video signal
according to an embodiment of the invention.
Figure 4A depicts intensity signals from the video
signal of Figure 3A.
Figure 4B depicts intensity signals from the video
signal of Figure 3B.
Figure 4C depicts a chart of red, green, and blue
intensity signals over time and a corresponding fre-
quency transform according to an embodiment of
the invention.
Figure 5A is a chart of an intensity signal from a first
region of interest according to an embodiment of the
invention.
Figure 5B is a chart of an intensity signal from a sec-
ond region of interest according to an embodiment
of the invention.
Figure 5C is a chart of contact-oximeter-based and
video-based vital signs (heart rate and SpO2) over
time according to an embodiment of the invention.
Figure 5D is a flowchart of a method of calibrating
video-based pulse oximetry according to an embod-
iment of the invention.
Figure 5E is a chart of video-based and contact-
based measurements of arterial oxygen saturation
over time, including a desaturation event, according
to an embodiment of the invention.
Figure 6A depicts an image frame from a video sig-
nal, with a seed point for a flood fill region, according
to an embodiment of the invention.
Figure 6B depicts an image frame from a video sig-
nal, with facial recognition, according to an embod-
iment of the invention.
Figure 6C depicts an image frame from a video sig-
nal, with a region of interest, according to an embod-
iment of the invention.
Figure 7 is a flowchart of a method for video-based
monitoring utilizing flood filling, according to an em-
bodiment of the invention.
Figure 8A is a chart of intensity signals acquired by
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flood fill filtering of a video signal, according to an
embodiment of the invention.
Figure 8B zooms in on a segment of Figure 8A.
Figures 9A, 9B, and 9C depict image frames from a
video signal, with a moving subject, according to an
embodiment of the invention.
Figure 10A depicts an image frame from a video sig-
nal, with multiple flood fill regions, according to an
embodiment of the invention.
Figure 10B depicts an image frame from a video sig-
nal, with an obscured region, according to an em-
bodiment of the invention.
Figure 10C depicts an image frame from a video sig-
nal, with overlapping flood fill regions, according to
an embodiment of the invention.
Figure 11 depicts an image frame from a video sig-
nal, with skin tone filtering, according to an embod-
iment of the invention.
Figure 12A is a histogram of intensity values from
Figure 11, according to an embodiment of the inven-
tion.
Figure 12B is a chart of intensity values from a video
signal (bottom) and a reference photoplethysmo-
gram from an oximeter (top), and a corresponding
frequency transform for each, according to an em-
bodiment of the invention.
Figure 13 depicts an image frame from a video signal
in view of a hand, according to an embodiment of
the invention.
Figure 14 is a flowchart of a method for measuring
physiologic parameters from a video signal using a
skin tone filter, according to an embodiment of the
invention.
Figure 15A is a display screen depicting user inputs,
according to an embodiment of the invention.
Figure 15B is a hand-held display (such as a tablet
or smart phone) depicting user inputs, according to
an embodiment of the invention.
Figure 15C is a display screen depicting user inputs,
according to an embodiment of the invention.
Figure 15D is a display screen depicting user inputs,
according to an embodiment of the invention.
Figure 16 is a flowchart of a method for measuring
a patient’s vital sign from a video signal, with a user
input, according to an embodiment of the invention.
Figure 17 is a flowchart of a dynamic flood fill method
for extracting a light intensity signal, according to an
embodiment of the invention.
Figure 18 is a scatter plot of video-derived heart rate
versus contact-based oximeter-derived heart rate,
showing good agreement between the values.

SUMMARY

[0008] In an embodiment, a video-based method of
measuring a patient’s vital sign includes receiving, from
a video camera, a video signal having a field of view
exposed to a patient; displaying, on a display screen, the

video signal, or a portion of the video signal, to a user;
receiving, in conjunction with the display screen, a user
input that locates, within the video signal, an area of the
patient; establishing, with a processor, a region of interest
in the located area; extracting an intensity signal from
the region of interest; measuring a vital sign from the
intensity signal; and outputting the vital sign for further
processing or display.
[0009] In an embodiment, the user input comprises a
touch on the display screen at the patient’s forehead. In
an embodiment, the user input comprises a gesture on
the display screen around the patient’s face or forehead.
In an embodiment, the user input comprises a touch on
the display screen at the patient’s eye or nose, and es-
tablishing the region of interest comprises inferring a fore-
head location from the touch input, and the region of in-
terest comprises a portion of the forehead.
[0010] In an embodiment, prior to receiving the user
input, the user is prompted to locate the area of the pa-
tient. In an embodiment, prior to receiving the user input,
the user is prompted to touch the face or forehead of the
patient.
[0011] In an embodiment, the user input comprises first
and second touches on the display screen, the touches
indicating first and second opposite ends of the patient’s
face or forehead.
[0012] In an embodiment, the area comprises a hand
of the patient. In an embodiment, the area comprises a
face of the patient.
[0013] In an embodiment, the user input comprises a
touch on the display screen identifying a first seed point
on exposed skin of the patient, and establishing a region
of interest comprises flood filling a first contiguous region
from the first seed point.
[0014] In an embodiment, the method includes recog-
nizing, with a processor, a facial feature of the patient,
and prompting the user to confirm the recognized facial
feature, and the user input comprises a touch confirma-
tion. In an embodiment, establishing a region of interest
comprises locating a first seed point relative to the rec-
ognized facial feature and flood filling a first contiguous
region from the first seed point.
[0015] In an embodiment, the user input comprises a
gesture around the area, and establishing a region of
interest comprises flood filling a first contiguous region
in the area, and discarding a portion of the first contiguous
region to create the region of interest. In an embodiment,
the user input comprises a gesture around the area, and
establishing a region of interest comprises selecting a
first seed point in the area, adjusting a skin tone filter
based on properties of the first seed point, skin tone fil-
tering with the skin tone filter to identify candidate skin
pixels, and extracting the intensity signal from the can-
didate skin pixels within the region of interest.
[0016] In an embodiment, the method includes receiv-
ing, at the display screen, a second user input confirming
the region of interest. In an embodiment, the method in-
cludes, prior to receiving the user input, prompting the
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user for the user input, in response to a determination of
low or no confidence in an automated facial recognition.
[0017] In an embodiment, a method for video-based
monitoring of a patient’s vital sign includes receiving,
from a video camera, a video signal encompassing ex-
posed skin of a patient; identifying, using a processor,
first and second regions of interest on the patient’s ex-
posed skin; filtering, using the processor, the video signal
with a skin tone filter to identify candidate skin pixels with-
in each region of interest; extracting a first intensity signal
from the candidate skin pixels within the first region of
interest; extracting a second intensity signal from the can-
didate skin pixels within the second region of interest;
selecting either the first intensity signal, the second in-
tensity signal, or a combination of the first and second
intensity signals; measuring a vital sign from the selected
intensity signal; and outputting the vital sign for further
processing or display.
[0018] In an embodiment, the method also includes
identifying a seed point on the patient, flooding a contig-
uous region from the seed point, and determining, from
the flooded contiguous region, a range of color values
for the skin tone filter. In an embodiment, the method
also includes identifying an anatomical feature on the
patient, and assigning the seed point in spatial relation
to the anatomical feature. In an embodiment, the ana-
tomical feature comprises a forehead.
[0019] In an embodiment, the method also includes
dynamically updating the flooded contiguous region and
the range of color values for the skin tone filter over time,
and filtering the video signal with the updated range of
color values. In an embodiment, determining the range
of values comprises identifying, during a calibration time
period, intensity values from pixels in the flooded contig-
uous region, and setting the range around the identified
intensity values.
[0020] In an embodiment, the method also includes
setting a range of color values for the skin tone filter, and
wherein filtering the video signal with the skin tone filter
to identify candidate skin pixels within each region of in-
terest comprises identifying as the candidate skin pixels
those pixels that fall within the range of color values. In
an embodiment, the range of color values is selected
from a predefined set of suggested ranges. In an embod-
iment, the method also includes receiving, in conjunction
with a display screen, a user input identifying, within the
video signal, a location on the patient, determining ex-
hibited color values exhibited by pixels at the location,
and setting the range of color values based on the ex-
hibited color values.
[0021] In an embodiment, the method also includes
generating a first histogram from the first intensity signal
and a second histogram from the second intensity signal,
and identifying the first and second intensity signals as
uni-modal, bi-modal, or multi-modal based on the respec-
tive histograms. In an embodiment, the first intensity sig-
nal exhibits a uni-modal intensity distribution, and where-
in selecting comprises selecting the first intensity signal.

In an embodiment, both the first and second intensity
signals exhibit a uni-modal intensity distribution, and se-
lecting an intensity signal comprises selecting the signal
extracted from the region with the largest size.
[0022] In an embodiment, the first region is larger than
the second region, and wherein selecting comprises se-
lecting the first intensity signal. In an embodiment, the
first intensity signal has a higher signal to noise ratio than
the second intensity signal, and selecting comprises se-
lecting the first intensity signal. In an embodiment, an
intensity signal that presents a bi-modal intensity distri-
bution is discarded or down-weighted.
[0023] In an embodiment, the candidate skin pixels are
non-contiguous. In an embodiment, the first region of in-
terest comprises a forehead region, and the second re-
gion of interest comprises a cheek region. In an embod-
iment, the first region of interest comprises a first fore-
head region, and the second region of interest comprises
a second forehead region that is smaller than the first
forehead region. In an embodiment, the first and second
regions of interest are non-overlapping.
[0024] In an embodiment, a method for video-based
monitoring of a patient’s vital signs includes receiving,
from a video camera, a video signal encompassing ex-
posed skin of a patient; filtering, using a processor, the
video signal with a skin tone filter to identify candidate
skin pixels; identifying, using the processor, a region of
interest that encompasses at least some of the candidate
skin pixels and that presents a unimodal intensity distri-
bution; extracting an intensity signal from the region of
interest; measuring a vital sign from the intensity signal;
and outputting the vital sign for further processing or dis-
play.

DETAILED DESCRIPTION

[0025] The present invention relates to the field of med-
ical monitoring, and in particular non-contact, video-
based monitoring of pulse rate, respiration rate, motion,
activity, and oxygen saturation. Systems and methods
are described for receiving a video signal in view of a
patient, identifying a physiologically relevant area within
the video image (such as a patient’s forehead or chest),
extracting a light intensity signal from the relevant area,
and measuring a vital sign from the extracted intensity
signal. The video signal is detected by a camera that
views but does not contact the patient. With appropriate
selection and filtering of the video signal detected by the
camera, the physiologic contribution to the detected sig-
nal can be isolated and measured, producing a useful
vital sign measurement without placing a detector in
physical contact with the patient. This approach has the
potential to improve patient mobility and comfort, along
with many other potential advantages discussed below.
[0026] As used herein, the term "non-contact" refers
to monitors whose measuring device (such as a detector)
is not in physical contact with the patient. Examples in-
clude cameras, accelerometers mounted on a patient
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bed without contacting the patient, radar systems viewing
the patient, and others. "Video-based" monitoring is a
sub-set of non-contact monitoring, employing one or
more cameras as the measuring device. In an embodi-
ment, the camera produces an image stack, which is a
time-based sequence of images of the camera’s field of
view. The camera may be considered a "video" camera
if the frame rate is fast enough to create a moving, tem-
poral image signal.
[0027] Remote sensing of a patient in a video-based
monitoring system presents several new challenges.
One challenge is presented by motion. The problem can
be illustrated with the example of pulse oximetry. Con-
ventional pulse oximetry sensors include two light emit-
ters and a photodetector. The sensor is placed in contact
with the patient, such as by clipping or adhering the sen-
sor around a finger, toe, or ear of a patient. The sensor’s
emitters emit light of two particular wavelengths into the
patient’s tissue, and the photodetector detects the light
after it is reflected or transmitted through the tissue. The
detected light signal, called a photoplethysmogram
(PPG), modulates with the patient’s heartbeat, as each
arterial pulse passes through the monitored tissue and
affects the amount of light absorbed or scattered. Move-
ment of the patient can interfere with this contact-based
oximetry, introducing noise into the PPG signal due to
compression of the monitored tissue, disrupted coupling
of the sensor to the finger, pooling or movement of blood,
exposure to ambient light, and other factors. Modern
pulse oximeters employ filtering algorithms to remove
noise introduced by motion and to continue to monitor
the pulsatile arterial signal.
[0028] However, movement in non-contact pulse oxi-
metry creates different complications, due to the extent
of movement possible between the patient and the cam-
era, which acts as the detector. Because the camera is
remote from the patient, the patient may move toward or
away from the camera, creating a moving frame of ref-
erence, or may rotate with respect to the camera, effec-
tively morphing the region that is being monitored. Thus,
the monitored tissue can change morphology within the
image frame over time. This freedom of motion of the
monitored tissue with respect to the detector introduces
new types of motion noise into the video-based signals.
[0029] Another challenge is the contribution of ambient
light. In this context, "ambient light" means surrounding
light not emitted by components of the medical monitor.
In contact-based pulse oximetry, the desired light signal
is the reflected and/or transmitted light from the light emit-
ters on the sensor, and ambient light is entirely noise.
The ambient light can be filtered, removed, or avoided in
order to focus on the desired signal. In contact-based
pulse oximetry, contact-based sensors can be mechan-
ically shielded from ambient light, and direct contact be-
tween the sensor and the patient also blocks much of the
ambient light from reaching the detector. By contrast, in
non-contact pulse oximetry, the desired physiologic sig-
nal is generated or carried by the ambient light source;

thus, the ambient light cannot be entirely filtered, re-
moved, or avoided as noise. Changes in lighting within
the room, including overhead lighting, sunlight, television
screens, variations in reflected light, and passing shad-
ows from moving objects all contribute to the light signal
that reaches the camera. Even subtle motions outside
the field of view of the camera can reflect light onto the
patient being monitored. Thus new filtering techniques
are needed to isolate the physiologic signal from this
combined ambient light signal.
[0030] If these challenges are addressed, non-contact
monitoring such as video-based monitoring can deliver
significant benefits. Some video-based monitoring can
reduce cost and waste by reducing usage of disposable
contact sensors, replacing them with reusable camera
systems. Video monitoring may also reduce the spread
of infection, by reducing physical contact between car-
egivers and patients (otherwise incurred when the car-
egiver places, adjusts, or removes the contact sensor on
the patient). Some remote video cameras may improve
patient mobility and comfort, by freeing patients from
wired tethers or bulky wearable sensors. This untethering
may benefit patients who need exercise and movement.
In some cases, these systems can also save time for
caregivers, who no longer need to reposition, clean, in-
spect, or replace contact sensors. Another benefit comes
from the lack of sensor-off alarms or disruptions. A tra-
ditional contact-based system can lose the physiologic
signal when the contact sensor moves or shifts on the
patient, triggering alarms that are not actually due to a
change in physiology. In an embodiment, a video-based
system does not drop readings due to sensors moving
or falling off the patient (sensor off) or becoming discon-
nected from the monitor (sensor disconnect), and thus
can reduce nuisance alarms. In an embodiment, a video-
based monitor, such as a pulse oximeter, operates with-
out sensor-off or sensor-disconnect alarms. For exam-
ple, a video-based monitor can trigger an alarm based
on stored alarm conditions, where the stored alarm con-
ditions omit a sensor-off or sensor-disconnect alarm.
[0031] Various embodiments of the present invention
are described below, to address some of these challeng-
es. Figure 2A shows a video-based remote monitoring
system 200 and a patient 212, according to an embodi-
ment. The system 200 includes a non-contact detector
210 placed remote from the patient 212. In this embod-
iment, the detector 210 includes a camera 214, such as
a video camera. The camera 214 is remote from the pa-
tient, in that it is spaced apart from and does not contact
the patient. The camera includes a detector exposed to
a field of view 216 that encompasses at least a portion
of the patient 212. In some embodiments, the field of view
216 encompasses exposed skin of the patient, in order
to detect physiologic signals visible from the skin, such
as arterial oxygen saturation (SpO2 or SvidO2). The cam-
era generates a sequence of images over time. A meas-
ure of the amount, color, or brightness of light within all
or a portion of the image over time is referred to as a light
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intensity signal. In an embodiment, each image includes
a two-dimensional array or grid of pixels, and each pixel
includes three color components - for example, red,
green, and blue. A measure of one or more color com-
ponents of one or more pixels over time is referred to as
a "pixel signal," which is a type of light intensity signal.
The camera operates at a frame rate, which is the number
of image frames taken per second (or other time period).
Example frame rates include 20, 30, 40, 50, or 60 frames
per second, greater than 60 frames per second, or other
values between those. Frame rates of 20-30 frames per
second produce useful signals, though frame rates above
50 or 60 frames per second are helpful in avoiding alias-
ing with light flicker (for artificial lights having frequencies
around 50 or 60 Hz).
[0032] The detected images are sent to a monitor 224,
which may be integrated with the camera 214 or separate
from it and coupled via wired or wireless communication
with the camera (such as wireless communication 220
shown in Figure 2A). The monitor 224 includes a proc-
essor 218, a display 222, and hardware memory 226 for
storing software and computer instructions. Sequential
image frames of the patient are recorded by the video
camera 214 and sent to the processor 218 for analysis.
The display 222 may be remote from the monitor 224,
such as a video screen positioned separately from the
processor and memory.
[0033] Figure 2B shows the system 200 being imple-
mented to monitor multiple patients, such as patients
212A and 212B. Because the detector 214 in the system
is non-contact, it can be used to monitor more than one
patient at the same time. A method for this implementa-
tion will be described in further detail below.
[0034] Two example image frames 300A and 300B are
shown in Figures 3A and 3B, respectively. In an embod-
iment, these image frames are recorded by the system
200. Each image frame includes a patient’s head 312
and upper torso 310 in the field of view. The processor
has identified a head region 314 within each image frame
300A, 300B. The head region 314 includes at least a
portion of the patient’s head, such as the face. In some
embodiments, the processor also infers a chest region
316, based on the size and location of the head region
314 and empirical ratios of head and chest sizes and
shapes. For example, from a rectangular face region of
width w and height h, a forehead region may be inferred
of a size 0.7*w and 0.3*h, centered horizontally and po-
sitioned with its top edge moved down from the top of
the face region by a distance 0.25*h. From the same
rectangular face region, a chest region may also be in-
ferred at a size of 2*w and 0.75*h, centered horizontally
and positioned with its top edge below the bottom of the
face region by a distance 0.25*h.
[0035] In an embodiment, the video camera records
multiple sequential image frames (such as image frames
300A and 300B) that each include the head region 314
and chest region 316. The pixels or detected regions in
these sequential images exhibit subtle modulations

caused by the patient’s physiology, such as heartbeats
and breaths. In particular, the color components of the
pixels vary between the frames based on the patient’s
physiology. In one embodiment, the camera employs the
Red/Green/Blue color space and records three values
for each pixel in the image frame, one value each for the
Red component of the pixel, the Blue component, and
the Green component. Each pixel is recorded in memory
as these three values, which may be integer numbers
(typically ranging from 0 to 255 for 8-bit color depth, or
from 0 to 4095 for 12-bit color depth) or fractions (such
as between 0 and 1). Thus, three one-dimensional vec-
tors for each pixel in the field of view can be extracted
from the video signal.
[0036] These Red, Green, and Blue values change
over time due to the patient’s physiology, though the
changes may be too subtle to be noticed by the naked
human eye viewing the video stream. For example, the
patient’s heartbeat causes blood to pulse through the
tissue under the skin, which causes the color of the skin
to change slightly - causing the value corresponding to
the Red, Green, or Blue component of each pixel to go
up and down. These changes in the pixel signals can be
extracted by the processor. The regions within the field
of view where these changes are largest can be identified
and isolated to focus on the physiologic signal. For ex-
ample, in many patients, the forehead is well-perfused
with arterial blood, so pixels within the patient’s forehead
exhibit heartbeat-induced modulations that can be meas-
ured to determine the patient’s heartrate.
[0037] To focus on this physiologic signal, the proces-
sor identifies a region of interest (ROI) within the image
frame. In an embodiment, the region of interest includes
exposed skin of the patient, such that the physiologic
properties of the skin can be observed and measured.
For example, in the embodiment of Figure 3A, one region
of interest includes a forehead region 330, which includes
part of the patient’s forehead. The processor determines
the location of the patient’s forehead within the head re-
gion 314, for example based on empirical ratios for a
human face, and divides the forehead into distinct re-
gions, for example, regions 1A, 2A, and 3A. In another
embodiment, the region of interest does not include ex-
posed skin. For example, in Figure 3A, another region of
interest includes the chest region 316 (which may be cov-
ered by clothing, bedding, or other materials on the pa-
tient). Pixels in this region may fluctuate with the patient’s
respiration rate, enabling that rate to be measured even
without viewing exposed skin of the patient.
[0038] Within an individual region of interest, the Red
components of the pixels in that region are combined
together to produce one time-varying Red pixel signal
from that region. The same is done for the Blue and Green
pixels. The result is three time-varying pixel signals from
each region, and these are plotted in Figure 4A. The plots
in Figure 4A are derived from the regions 1A, 2A, 3A,
and 316 of Figure 3A. Figure 4A also shows a plot labeled
"Combined Forehead." The Combined Forehead plot
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shows the combined pixel signals from all three identified
regions 1A, 2A, and 3A, meaning that the Red compo-
nents from all three regions are combined together and
plotted over time, as are the Green components and the
Blue components. Different sub-sets of regions can be
combined together to produce different combinations of
pixel signals. Though three forehead regions 1A, 2A, and
3A are shown in Figure 3A, the forehead, or any other
area of interest, can be sub-divided into more or fewer
regions, in various shapes or configurations. Pixel signals
can be combined by summing or averaging or weighted
averaging. In an embodiment, the combined pixel signals
are obtained by averaging the Red (or Blue, or Green)
color values of the pixels within the region, so that regions
of different sizes can be compared against each other.
[0039] The pixels within a region may be combined to-
gether with a weighted average. For example, within a
region, some pixels may exhibit stronger modulations
than other pixels, and those stronger-modulating pixels
can be weighted more heavily in the combined pixel sig-
nal. A weight can be applied to all of the pixels that are
combined together, and the weight can be based on qual-
ity metrics applied to the modulating intensity signal of
each pixel, such as the signal to noise ratio of the intensity
signal, a skew metric, an amplitude of a desired modu-
lation (such as modulations at the heart rate or respiration
rate), or other measurements of the signal. Further, some
pixels within the region may be chosen to be added to
the combined pixel signal for that region, and other pixels
may be discarded. The chosen pixels need not be adja-
cent or connected to each other; disparate pixels can be
chosen and combined together to create the resulting
signal.
[0040] The plots in Figure 4A show a clear pattern of
repeating modulations or pulses over time. The pulses
in each region 1A, 2A, 3A and in the Combined Forehead
plot are caused by the patient’s heart beats, which move
blood through those regions in the patient’s forehead,
causing the pixels to change color with each beat. The
heart rate of the patient can be measured from these
signals by measuring the frequency of the modulations.
This measurement can be taken via a frequency trans-
form of the signal (discussed below with reference to Fig-
ure 4B) or via a pulse recognition algorithm that identifies
each pulse in the signal (for example, by pulse size and
shape, by zero crossings, maximums, or minimums in
the derivative of the signal, and/or by checking the skew
of the derivative of the signal to identify a pulse as a
cardiac pulse, which has a characteristically negative
skew). The modulations in the plot of the Chest region,
in Figure 4A, are caused by the patient’s breaths, which
cause the chest to move in correspondence with the
breathing rate. The patient’s breathing/respiration rate
can be measured from this signal in the same way as
just described for the heart rate (except for the skew ap-
proach). Respiration rate can be identified from a region
of the patient that moves with each breath, such as the
chest, but need not include exposed skin.

[0041] Figure 4B shows plots of the pixel streams from
the corresponding regions in Figure 3B. However, in this
case, the individual Red, Green, and Blue values within
each region have been combined together, such as by
summing or averaging, to produce one time-varying sig-
nal from each region instead of three separate Red,
Green, and Blue signals. By viewing one combined signal
from each region, the frequency of the heart rate or res-
piration rate may emerge more clearly. Figure 4B also
shows a Fast Fourier Transform (FFT) in the Chest Re-
gion plot. The FFT identifies the frequency content of the
Chest signal, which reveals a primary frequency peak
and harmonics. The primary frequency peak is the pa-
tient’s respiration rate. Another example frequency trans-
form of a pixel signal from a region of interest is shown
in Figure 4C. Figure 4C shows three (Red, Green, and
Blue) pixel signals over time and the FFT operation,
which is applied to a 20-second window of the cross-
correlated spectrum of all three signals. The FFT shows
a strong peak at 66.0 beats per minute.
[0042] Though many embodiments herein are de-
scribed with reference to pixels and pixel values, this is
just one example of a detected light intensity signal. The
light intensity signals that are detected, measured, or an-
alyzed may be collected from larger regions or areas,
without differentiating down to groups of pixels or indi-
vidual pixels. Light signals may be collected from regions
or areas within an image, whether or not such regions or
areas are formed from pixels or mapped to a spatial grid.
For example, time-varying light signals may be obtained
from any detector, such as a camera or light meter, that
detects a unit of light measurement over time. Such units
of light measurement may come from individual pixels,
from groups or clusters of pixels, regions, sub-regions,
or other areas within a field of view. It should also be
noted that the term "pixel" includes larger pixels that are
themselves formed from aggregates, groups, or clusters
of individual pixels.
[0043] In an embodiment, the Red, Green, and Blue
values from the camera are converted into different color
spaces, and the color space that provides the largest or
most identifiable physiologic modulations is chosen. In
an embodiment, color values are converted into a com-
bination of a color value and a separate brightness value,
so that changes in room brightness can be analyzed in-
dependently of color or hue. Alternative color spaces
(such as YCrCb, CIE Lab, CIE Luv) can separate light
intensity from chromatic changes better than the RGB
color space. Processing the chromatic component in
those spaces can reveal physiological modulation better
than in RGB space, when overall scene light intensity is
changing. Assessing signals based on chromatic chan-
nels in these spaces can increase the robustness of the
algorithm and/or increase the range of conditions in
which physiological signal extraction is possible. Though
the Red/Green/Blue color scheme is often presented
here in the examples, it should be understood that other
color schemes or color spaces can be utilized by these
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systems and methods.
[0044] Figures 3A and 3B depict five regions of interest
- three squares in the forehead, the combination of all
three squares together, and one rectangular chest re-
gion. In other embodiments, regions of interest can have
various shapes, configurations, or combinations. In an-
other embodiment, the selected regions of interest may
be non-adjacent to each other, or non-contiguous. Non-
adjacent regions may include pixels that exhibit large
modulations correlated with the patient’s heartrate, as
compared to the other regions. Regions located over
large arteries may exhibit larger modulations with
heartrate than other regions, for example. The intensity
signals from non-adjacent regions are averaged together
to create a combined signal, and the heartrate measured
from that combined signal. Different non-adjacent re-
gions may be chosen for other vital signs, such as res-
piration rate or oxygen saturation. In an embodiment,
heart rate and oxygen saturation are calculated from a
combined signal from a first group of non-adjacent pixels
or regions, and respiration rate is calculated from a dif-
ferent combined signal from a second, different group of
non-adjacent pixels or regions.
[0045] In an embodiment, regions of interest within the
image frame are selected based on the modulations ex-
hibited by the pixels in each region. Within an image
frame, a sub-set of regions may be first identified as can-
didate regions for further processing. For example, within
an image frame, an area of exposed skin of a patient is
identified by facial recognition, deduction of a forehead
region, user input, and/or skin tone detection. These ar-
eas are identified as the regions of interest for further
processing. In an embodiment, facial recognition is
based on Haar-like features (employing a technique that
sums pixel intensities in various regions and differences
between sums). A method includes identifying these re-
gions of interest, extracting pixel signals from each re-
gion, quantifying the magnitude of physiological modu-
lations exhibited by each pixel signal, selecting regions
with strong modulations (such as modulations with an
amplitude above a threshold), combining the selected
pixel signals together (such as by averaging), and meas-
uring a vital sign from the combined signal. In an embod-
iment, all sub-regions (such as grids) in the image (or a
portion of the image, such as a patient region) are proc-
essed, and grid cells that exhibit coherent pulsatile com-
ponents are combined to generate the pixel signals from
which the physiologic measurements are taken.
[0046] Selecting non-adjacent regions enables the
system to focus on the pixels or regions that carry the
physiologic signal with the highest signal to noise ratio,
ignoring other areas in the image frame that are contrib-
uting a relatively higher degree of noise, such as pixels
that do not vary much with heart rate, but that might vary
due to a passing shadow or patient movement. The sys-
tem can focus on pixels that represent the desired vital
sign, thereby increasing the signal-to-noise ratio (SNR)
of the analyzed signal. With signals from several regions

available, the signals with the strongest SNR can be cho-
sen, and signals with weak SNR can be discarded. The
chosen signals can be combined together to produce a
signal with a strong physiologic component.
[0047] An example of a region of a good size for
processing a physiologic signal is approximately one
square centimeter (though more or less may also be use-
ful - for example a whole forehead may be used, or an
individual pixel). If far away from the subject, a camera
may use less pixels. The selection of region size also
depends on the resolution of the image, which may de-
pend on the available hardware. Moreover, resolution
and frame rate may be inter-related, in that increasing
resolution may reduce frame rate. A compromise is nec-
essary between high enough resolution to capture the
modulating pixels, and a fast enough frame rate to track
those modulations over time. Frame rates over 10 Hz are
sufficient for cardiac pulses, and over 2-3 Hz for respira-
tion modulations. Frame rates above about 50 or 60
frames per second are generally less subject to aliasing
frequencies introduced by artificial lighting. Sampling
from a few hundred pixels (such as over 200 or over 300
pixels) has been sufficient to isolate a physiologic mod-
ulation above ambient noise.
[0048] The selected regions of interest can change
over time due to changing physiology, changing noise
conditions, or patient movement. In each of these situa-
tions, criteria can be applied for selecting a pixel, group
of pixels, or region into the combined signal. Criteria are
applied to enhance the physiologic signals by reducing
or rejecting contributions from stationary or non-station-
ary non-physiologic signals. Criteria can include a mini-
mum SNR, a minimum amplitude of physiologic modu-
lations, a minimum variability of the frequency of modu-
lations (to reject non-physiologic, static frequencies), a
skew metric (such as modulations that exhibit a negative
skew), pixels with values above a threshold (in the ap-
plicable Red, Green, or Blue channel), pixels that are not
saturated, or combinations of these criteria. These crite-
ria can be continually applied to the visible pixels and
regions to select the pixels that meet the criteria. Some
hysteresis may be applied so that regions or pixels are
not added and removed with too much chatter. For ex-
ample, pixels or regions must meet the criteria for a min-
imum amount of time before being added to the combined
signal, and must fail the criteria for a minimum amount
of time before being dropped. In another example, the
criteria for adding a pixel or region to the combined signal
may be stricter than the criteria for removing the pixel or
region from the combined signal.
[0049] For example, in an example involving motion,
when the patient turns his or her head, the regions of
interest that previously demonstrated heart rate with the
best amplitude are no longer visible to the camera, or
may be covered in shadow or over-exposed in light. New
regions of interest become visible within the field of view
of the camera, and these regions are evaluated with the
criteria to identify the best candidates for the desired vital
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sign. For example, referring to Figure 3A, cells or groups
of pixels at the edges of the forehead region 330 can be
added or removed from the combined signal during mo-
tion as they enter and exit the forehead region. This meth-
od enables the monitoring system to continue to track
the vital sign through movement of the patient, even as
the patient moves or rotates with respect to the camera.
[0050] Selected regions may also change over time
due to changing physiology. For example, these regions
can be updated continually or periodically to remove pix-
els that do not satisfy the criteria for vital sign measure-
ment, and add new pixels that do satisfy the criteria. For
example, as the patient’s physiology changes over time,
one region of the forehead may become better perfused,
and the pixels in that region may exhibit a stronger car-
diac modulation. Those pixels can be added to the com-
bined light signal to calculate the heart rate. Another re-
gion may become less perfused, or changing light con-
ditions may favor some regions over others. These
changes can be taken into account by adding and re-
moving pixels to the combined signal, to continue track-
ing the vital sign.
[0051] Selected regions may also change over time
due to changing noise conditions. By applying the criteria
over time, pixels or regions that become noisy are re-
moved from the combined light intensity signal, so that
the physiologic signal can continue to be monitored via
pixels or groups that are less noisy. These updates can
be made continually.
[0052] The combined light signal can be used to cal-
culate statistics, such as an amplitude of the physiologic
frequency (in the time or frequency domain), a variability
of the frequency over time, a variability of the intensity or
color of the selected pixels over time, a skew of the mod-
ulations, or a signal to noise ratio. Skew is a useful metric
because cardiac pulses tend to have a negative skew.
Thus, modulations of pixels that exhibit a negative skew
may be more likely to be physiologic. In an embodiment,
one or more statistics are calculated, and then used to
apply a weight to each color signal (from an individual
pixel or from a region) that is being combined. This meth-
od results in a weighted average that applies more weight
to the pixels that exhibit modulations that are stronger or
more likely to be physiologic. For example, pixels that
modulate with a strongly negative skew, or a high signal
to noise ratio, can be weighted more heavily. The criteria
used to select regions can also be used to assign weights;
for example, regions or pixels that meet a first, stricter
set of criteria may be combined with a first, higher weight,
and regions or pixels that meet a second, looser set of
criteria may be combined with a second, lower weight.
[0053] In an embodiment, a weight can also be applied
to the vital sign that is calculated from the combined light
signal. Each time the vital sign is calculated, a weight
can be determined based on current quality measures
or statistics from the combined light signal. The newly
calculated vital sign is then added to a longer-term run-
ning average, based on the weight. For example, the

patient’s heart rate can be calculated from the combined
light signal once per second. An associated weight can
be calculated based on the criteria applied to the com-
bined light signal. The weight is reduced when statistics
indicate that the light signal may be unreliable (for exam-
ple, the amplitude of the modulations drops, or the fre-
quency becomes unstable, or the intensity changes sud-
denly) and increased when statistics indicate that the light
signal is reliable.
[0054] Furthermore, different combinations of pixels
(and/or regions) may be selected for different vital signs
of the patient. For example, a first group of pixels and/or
regions is summed together to produce a signal that mod-
ulates with heart rate, and a second group of pixels and/or
regions is summed together to produce a signal that mod-
ulates with respiration rate. This approach is demonstrat-
ed in Figures 5A and 5B, which each show a light intensity
signal over the same span of time from the same video
signal for the same patient, from different regions, such
as groups of pixels. The pixels chosen for the plot in Fig-
ure 5A exhibit relatively large fluctuations correlated with
the patient’s respiration. This is shown by the large base-
line modulations 520, with period P1, in the plotted pixel
signal. The frequency of the modulations 520 is the pa-
tient’s respiration rate, such as 5-20 breaths per minute.
By contrast, the pixels chosen for the plot in Figure 5B
do not fluctuate as dramatically with the patient’s respi-
ration, but they do fluctuate with the patient’s heart rate,
as shown by the modulations 530 with shorter period P2.
The frequency of these modulations is the patient’s heart
rate, such as 40-200 beats per minute. These two differ-
ent plots shown in Figures 5A and 5B reflect different
vital signs of the patient, based on the same video stream
from the same camera taken over a single period of time.
By creating combined pixel signals from appropriately
selected pixels or regions, various physiologic signals
emerge from the video images.
[0055] In an embodiment, a user can view a video im-
age, specify a region of interest, and drag and drop the
region across the video image to view changes in mod-
ulations in real-time. For example, referring to Figure
15A, a monitor 1508 displays a video image on a display
screen 1562 that accepts inputs from a user. A user can
use mouse pointer 1509 (or other input) to highlight a
first area 1507A, and view the resulting pixel signals such
as the signal shown in Figure 5A and vital signs measured
from that signal. The user can then drag and drop the
area of interest to a second area 1507B and view the
resulting signal and vital signs, such as the signal shown
in Figure 5B. In this way, the user can view in real time
how the modulations of the signal change based on the
selected area of interest. In area 1507A, the video signal
shows strong respiration modulations (see Figure 5A),
while in area 1507B, the video signal shows strong car-
diac modulations (see Figure 5B). The user can view the
video signal in real-time as it moves along the path from
1507A to 1507B, to see how the modulations change as
the region of interest moves. The user can also view the
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pixel signals shown in Figures 5A and 5B at the same
time, to evaluate different vital signs from different re-
gions of interest, at the same time.
[0056] Accordingly, in an embodiment, a method is
provided for measuring different vital signs from different
regions. These groups can include individual pixels, dis-
parate pixels, contiguous regions, non-contiguous re-
gions, and combinations of these. Pixels combined into
one group exhibit a common modulation, such as a fre-
quency of modulation of color or intensity. For example,
heart rate can be measured from the frequency of mod-
ulation of a first group of pixels, and respiration rate can
be measured from the frequency of modulation of a sec-
ond group of pixels. Oxygen saturation can be measured
from either group; in one embodiment, oxygen saturation
is measured from the pixels that show strong modulation
with heart rate.
[0057] In an embodiment, a method for monitoring a
patient’s heart rate includes generating a video signal
from a video camera having a field of view encompassing
exposed skin of a patient. The video signal includes a
time-varying intensity signal for each of a plurality of pix-
els or regions in the field of view. The method includes
extracting the intensity signals within a region of the field
of view, and transforming the intensity signal into the fre-
quency domain to produce a frequency signal. The region
may be selected based on a strength of modulations of
intensity signals in the region. The region may include
non-adjacent areas or pixels. Over a sliding time window,
peaks in the frequency signal are identified, and then
over a period of time (such as one second), the identified
peaks are accumulated. The method includes selecting
a median frequency from the identified peaks, and up-
dating a running average heart rate of a patient, which
includes converting the median frequency into a meas-
ured heart rate and adding the measured heart rate to
the running average. The updated average heart rate is
output for display. The method may also include remov-
ing identified peaks from the accumulated peaks when
they reach an age limit. The method may also include
discarding frequency peaks outside of a physiologic limit,
or discarding the measured heart rate when it differs from
the average heart rate by more than a defined amount.
The method may also include discarding frequency
peaks if they are sub-harmonics of already identified
peaks.
[0058] According to an embodiment of the invention,
the Red/Green/Blue pixel streams from identified areas
of the patient’s exposed skin can be used to determine
arterial oxygen saturation (SpO2). Traditional pulse oxi-
meters employ contact-based sensors, which include
two emitters (typically light emitting diodes, LED’s) and
a photodetector. The emitters are positioned on the sen-
sor to emit light directly into the patient’s skin. The emit-
ters are driven sequentially, so that light of each wave-
length can be separately detected at the photodetector,
resulting in two time-varying light intensity signals. The
wavelengths are chosen based on their relative absorp-

tion by oxygenated hemoglobin in the blood. Typically
one wavelength falls in the red spectrum and the other
in infrared. The patient’s arterial oxygen saturation can
be measured by taking a ratio of ratios (ROR) of the two
signals - that is, by taking a ratio of the alternating com-
ponent (AC) of each signal to its direct, non-alternating
component (DC) and dividing the red ratio by the infrared
ratio.
[0059] In a video-based system, the Red/Green/Blue
pixels or regions detected by the camera provide three
light intensity signals that potentially can be used in a
similar ratio of ratios calculation, such as by dividing the
ratios of any two of the three signals. However, many
standard video cameras do not detect light in the infrared
wavelengths. Moreover, for many video cameras, the
wavelengths of light detected in each of the Red, Green,
and Blue components overlap. For example, the video
camera 214 (see Figure 2A) may include an image sen-
sor with broad spectrum red, green, and blue detectors.
The wavelengths detected by these detectors overlap,
and are not chosen specifically for their relative absorp-
tion by oxygenated hemoglobin. As a result, measuring
a ratio of ratios from two of the three signals does not
provide an absolute, calibrated SpO2 value. However,
such a ratio of ratios can be used to track the trend of
the patient’s actual SpO2 value.
[0060] In an embodiment, the video-based non-con-
tact monitoring system identifies acute hypoxia in moni-
tored patients, by identifying episodes of decreased ox-
ygen saturation. The system provides continuous moni-
toring of vital signs such as video-based SpO2, rather
than discrete, periodic spot-check readings. This contin-
uous monitoring, via either trending or calibrated video
SpO2, enables the system to identify clinical conditions
such as acute hypoxia, and repeated interruptions in air-
flow.
[0061] Such a trend is shown in Figure 5C. The top
plot in Figure 5C shows an SpO2 value from a calibrated,
contact-based pulse oximeter. It also shows two heart
rate signals, one taken from the same pulse oximeter
and the other from a video signal. It is readily apparent
that the video-based heart rate signal tracks the oxime-
ter-based heart rate signal very closely, providing good
absolute correlation.
[0062] The bottom plot in Figure 5C shows three dif-
ferent SpO2 values from a video signal, one for each pair
of signals. The top trace is from a ratio of ratios calculation
of the Red and Green signals, the middle is the Red and
Blue signals, and the bottom is the Green and Blue sig-
nals. These three traces can be compared with the cal-
ibrated SpO2 value plotted above, from the conventional
contact pulse oximeter. It is clear from Figure 5C that all
three traces correlate with the calibrated SpO2 plot, in
that they trend up or down in proportion to the calibrated
SpO2 plot. However the absolute values (shown in the
y-axes in Figure 5C) of the video-based SpO2 traces do
not match the calibrated SpO2 value itself. The calibra-
tion of the SvidO2 against SpO2 may be performed by
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linear regression, whereby the coefficients of the regres-
sion model are applied to the SvidO2 to estimate the
absolute SpO2 values.
[0063] In an embodiment, the video-based SpO2
measurement is used as a trend indicator, rather than as
a measurement of an accurate SpO2 numerical value.
For example, it is apparent from the Blue-Red trace that
the SpO2 value remains stable until time t1, begins to
change at time t1, decreases until time t2, remains stable
at low oxygenation until time t3, increases again until time
t4, and thereafter remains stable again. The Blue-Red
trace can thus be used as a trend indicator, to provide
an alert that the patient’s SpO2 value is changing, and
can even indicate whether the SpO2 value is increasing
or decreasing, and an indication of the rate of increase
or decrease. This information can be used to provide an
early warning to a caregiver that the patient needs atten-
tion, such as by attaching a traditional contact-based
pulse oximeter to obtain a numerically accurate reading
of the patient’s SpO2 value which can be used to deter-
mine a diagnosis or treatment.
[0064] In another embodiment, the SpO2 value meas-
ured from a pair of the Red/Green/Blue pixel streams is
calibrated to an accurate numerical value. Calibration
can be done by comparing the video-based SpO2 value
to the value from a reference contact-based oximeter, to
identify an offset between them. This offset is used to
determine a scaling factor that is applied to the ROR cal-
culation from the video signal. For example, the scaling
factor can be a coefficient multiplied to the video ROR,
or an offset added or subtracted from the video SpO2,
or both. This offset and/or coefficient can be used until
the next recalibration. Recalibration can be done when
a set time has expired, or when the video SpO2 trend
shows a marked change in SpO2.
[0065] Figure 5D shows a method of calibrating a vid-
eo-based SpO2 measurement, according to an embod-
iment of the invention. The method includes performing
a spot check with a contact oximeter at 701, comparing
the oximeter SpO2 to the video SpO2 (also called SvidO2)
at 702, and determining the calibration between the two
values (such as an offset, scaling factor, and/or coeffi-
cient) at 703. The method then includes measuring SpO2
from the video signal with the calibration at 704. At 705,
a timer is used to prompt re-calibration. For example, the
timer may be set to expire in 15 minutes, or one hour, or
two hours, or other time durations desired by the caregiv-
er. If the time has expired, the method returns to 701; if
not, the method continues to 706, where the video SpO2
value is compared to a threshold to identify changes. If
the video SpO2 value crosses the threshold, the method
includes sounding an alarm (such as an audible sound
and/or a visible alert) at 707, and prompting re-calibration
at 701. If not, the method returns to continue measuring
at 704. The threshold used to detect a change at 706 can
be set by the caregiver to identify changes in video SpO2
that may indicate a clinically significant change in the
patient’s physiology, for further diagnosis or treatment.

[0066] When calibration or re-calibration is not availa-
ble, the monitor may continue to calculate video SpO2
to identify trends. The trend from the video SpO2 may
be used to trigger an alarm when the trend shows that
SpO2 is rapidly changing or has crossed an alarm thresh-
old. Clinically relevant patterns (such as repeated desat-
urations) may also be detected from the video SpO2 sig-
nal, between or in the absence of re-calibrations.
[0067] When the video-based SpO2 value is calibrated
to an accurate measure of oxygen saturation, it can be
tracked from there to measure the patient’s actual SpO2
value. An example of this is shown in Figure 5E, which
plots two SpO2 values, one from a traditional contact-
based pulse oximeter, and the other from a calibrated
video-based pulse oximeter. The video-based SpO2 val-
ue in this example is taken from the Red and Green sig-
nals, and then calibrated with an absolute SpO2 value
as described above. Once calibrated, it is clear from Fig-
ure 5E that the video-based SpO2 value tracks the pa-
tient’s absolute SpO2 value closely. The data presented
in Figure 5E was collected during a clinically-relevant de-
saturation event in which the subject’s oxygen saturation
dipped and then recovered.
[0068] Though the video-based SpO2 measurement
can be calibrated from a contact-based pulse oximeter,
the video-based SpO2 measurement may exhibit differ-
ent behavior over time, as compared to a traditional con-
tact-based oximeter. These differences may arise due to
the differences in filtering characteristics between the
contact-based oximeter and video camera, and/or differ-
ences in the light waveforms detected by a remote video
as compared to a contact-based sensor, and/or other
factors. As an example, the light detected by a remote
video camera may be reflected from a shallower depth
within the patient’s tissue, as compared to contact-based
oximetry, which utilizes a contact sensor to emit light di-
rectly into the patient’s tissue. This difference in the light
signal can cause the morphology of the video-detected
waveform to differ from a contact-based waveform. As
another example, the light detected by a remote video
camera is more susceptible to ambient light noise inci-
dent on the surface of the region being monitored.
[0069] As a result, the SpO2 measurement from the
video-detected waveform exhibits some differences from
the contact-based SpO2 measurement, even when the
two are first calibrated together. An example of this be-
havior is evident in Figure 5E. Between times t1 and t2,
the subject’s oxygen saturation drops and then recovers
to a baseline level BL. Both waveforms track this trend,
but the video-based measurement is slower than the con-
tact-based measurement to return to baseline. The result
is a difference, labeled ΔS (delta saturation) between the
two measurements. Because this behavior of the video-
based measurement is known, it can be corrected for,
by adjusting the value upward during an increasing trend.
This adjustment can be tailored based on empirical data.
An adjustment may be made by finding the relationship
(mapping) between the video-based SpO2 and the con-
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tact-based (oximeter) SpO2. This relationship may then
be coded within the video system to mimic the oximeter-
based SpO2.
[0070] In an embodiment, the video-based non-con-
tact monitoring system identifies acute hypoxia in moni-
tored patients, by identifying episodes of decreased ox-
ygen saturation. The system provides continuous moni-
toring of vital signs such as video-based SpO2, rather
than discrete, periodic spot-check readings. This contin-
uous monitoring, via either trending or calibrated video
SpO2, enables the system to identify clinical conditions
such as acute hypoxia, and repeated interruptions in air-
flow.
[0071] In an embodiment, the video-based non-con-
tact monitoring system utilizes a camera that detects light
across the visible spectrum. In an embodiment, the cam-
era detects light in only a portion of the visible spectrum,
and/or in the infrared spectrum as well.
[0072] An image frame 600 representing a video signal
is shown in Figure 6A, according to an embodiment. A
video signal exposed to a patient is acquired by a video
camera, as described above, and passed to a monitor
for analysis. The monitor receives the video signal and
analyzes incoming images, such as the image frame 600,
to recognize areas that are physiologically relevant, ex-
tract a light intensity signal from such an area, and meas-
ure a vital sign from the extracted intensity signal. Though
only one image frame 600 is shown in Figure 6A, it should
be understood that the methods apply to moving image
frames from a time-varying video signal. The image
frame 600 views a field of view 601, which is exposed to
a patient 612. The patient may have exposed skin within
the field of view, in order to measure certain vital signs
such as SpO2, but this is not required, as some vital signs
can be measured from clothed areas (such as respiration
rate from a clothed chest region).
[0073] In an embodiment, a flood fill method is em-
ployed in order to recognize a physiologically relevant
portion of the image frame. Referring to Figure 6A, the
image frame is analyzed to identify a seed point 614,
which identifies an initial point for the flood fill region. This
seed point 614 can be identified in different ways, de-
pending on the situation and the type of monitoring being
done. In an embodiment, a clinician, such as a doctor or
nurse, taps on the image to identify the seed point, such
as by tapping on the patient’s forehead. The location of
the clinicians’ touch input on the image is saved as the
seed point. In another embodiment, the monitor employs
a facial recognition process to determine whether a face
is present in the image, and then to infer the likely location
of a forehead (as discussed further below with respect
to Figure 6B). A point within the inferred forehead region,
such as at or near the center of the inferred forehead
region, is chosen as the seed point.
[0074] The flood fill method fills a contiguous region
616 from the seed point 614. The contiguous region 616
may also be referred to as the flood filled region or the
flood field. This region is identified through a process that

evaluates pixels adjacent the seed point 614, selects
those pixels that share one or more common character-
istics with the seed point, and then repeats the process
for the selected pixels. This process repeats until a
boundary 618 is reached, where the pixels lack the com-
mon characteristic(s). The contiguous region 616 ends
at this boundary 618. In an embodiment, the character-
istic that defines the contiguous region and excludes the
boundary is the color values of one or more pixels at the
seed point 614. For example, the values of one or more
of the Red, Green, or Blue pixels at the seed point 614
are stored, and then the flood fill operation adds neigh-
boring pixels whose color values are within a tolerance
of the seed point 614. The area around the seed point
may be blurred or smoothed slightly to avoid the instance
where the seed point is an outlier with color values too
far removed from its neighbors. The smoothed color val-
ues at or around the seed point are used to set the range
for the flood fill method, which can then be applied to the
original, full resolution video image.
[0075] The purpose of the flood fill method is to identify
a contiguous region that spans a portion of the patient’s
exposed skin, where a physiologic signal can be extract-
ed, and that stops at a boundary 618 such as hair, band-
ages, eyes, or other features where the physiologic signal
is missing or attenuated. The flood fill method automat-
ically stops at those boundaries if the color values differ
from the seed point 614 by more than the allowed toler-
ances. The result is a contiguous region with pixels that
share similar color characteristics, and therefore are
more likely to provide a physiologic signal with a high
signal to noise ratio. An example tolerance can range
from 0.5% to 4%. Tolerances are affected by the subject’s
skin tone, the ambient lighting, and the color depth of the
camera, and can be adjusted to each situation.
[0076] Other characteristics can also be used to add
or exclude neighboring pixels from the contiguous region.
For example, the frequency content of the pixels at each
point can be evaluated, and those that exhibit an intensity
modulation at the same frequency as the seed point, or
within a certain tolerance, are added to the contiguous
region, and otherwise rejected as a boundary. This ap-
proach looks for pixels that modulate with the patient’s
pulse rate, or respiration rate, and adds those modulating
pixels to the contiguous region, to produce a region that
shows a strong physiological signal. These modulations
can also be subject to an amplitude threshold, such that
pixels that exhibit the modulation are added to the con-
tiguous region only if the modulation exceeds the thresh-
old, in order to exclude pixels that are modulating at the
same frequency but only at a low amplitude. Those pixels
might be adding more noise than signal, or may be near
enough to a boundary (such as an eyebrow) that the
physiologic signal is beginning to fade.
[0077] Another example is light intensity. Pixels whose
intensity exceeds a threshold can be added to the con-
tiguous area, and dimmer pixels are excluded as forming
the boundary. This characteristic might be used where
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the pixels are greyscale, or where a filter is employed in
front of the camera, passing pixels within a narrow color
or wavelength range. Another example characteristic is
signal to noise ratio (SNR). Where a physiologic signal
is present, such as pixel intensity modulating with pulse
rate or respiration rate, those modulations (the signal)
can be compared to the baseline intensity level (the
noise) to determine SNR, and only those pixels whose
SNR exceeds a threshold are added to the contiguous
region.
[0078] In another embodiment, a combination of char-
acteristics is utilized to include or exclude pixels with the
flood fill method. For example, two or more characteris-
tics can be evaluated, and all must pass their respective
thresholds or checks in order for the new pixel to be add-
ed. Alternatively, a subset, such as two out of three, or
three of four, or one required characteristic as well as
two of three others, or other subsets and combinations,
can be used as the evaluation. Alternatively, an index or
combined score can be created based on various char-
acteristics, such as by averaging or weighted averaging,
to create a threshold.
[0079] Referring again to Figure 6A, an example of a
boundary is an eyebrow region 620. As the flood fill region
616 expands out from the seed point 614, pixels across
the patient’s forehead that meet the applied characteris-
tic(s) are added to the region 616, and then neighboring
pixels of those added pixels are evaluated, until reaching
the eyebrow region 620. At this region, the pixels lack
the common characteristic, such as by changing color or
intensity or failing to modulate with the patient’s pulse
rate. These pixels are not added to the region, and the
region ends at that boundary. The process is an additive
process that is complete when no neighboring pixels fit
the set tolerances. Once the contiguous region 616 is
identified, the intensity signal from this region can be ex-
tracted, and a vital sign (such as pulse rate, respiration
rate, and/or SpO2) can be measured from the time-var-
ying intensity signal, as discussed elsewhere herein.
[0080] In Figure 6B, a facial recognition process is em-
ployed to identify the seed point 614. A facial feature such
as a nose bridge, eye region, or other feature is recog-
nized, and then the first seed point is located relative to
the recognized facial feature. For example, the field of
view 601 is exposed to at least a portion of the patient
312, and a commercially available facial recognition tool
is utilized to identify a face box 622. The face box can be
identified based on a recognized pattern of facial features
and inferred head size and ratios. Facial recognition soft-
ware that can accomplish these steps is commercially
available, such as the Viola-Jones algorithm, with feature
trackers such as Kanade-Lucas-Tomasi (KLT). A fore-
head location 624 can then be inferred from the face box
622, based on empirical ratios. Then, the seed point 614
can be assigned at or near a center, or within any part
of, the forehead location 624. After the seed point is as-
signed, the flood fill method is used to produce the con-
tiguous region 616 of Figure 6A. In an embodiment, the

facial recognition process can include a user input that
specifies a location of a facial feature (as described below
in more detail with reference to Figures 15A-D).
[0081] Another flood fill tool is illustrated in Figure 6C.
Figure 6C shows a contiguous flood field 626, which
spreads across the forehead until it reaches boundaries
at the eyebrows and hairline. An optional approach is to
identify a target region of interest (ROI) 628 within the
contiguous region 626. The ROI 628 is fully contained
within the contiguous region and excludes a portion of
the contiguous region 626. The ROI is chosen as a region
of anatomical interest, based on its location on the skin,
and its likelihood of exhibiting a physiologic signal. The
light intensity signal that is used to measure the patient’s
vital sign is then extracted from the ROI 628, rather than
from the entire flood fill region 626. The ROI 628 is defined
by its own boundary, such as an ellipse 630, to limit the
size of the target region that is utilized for the vital sign
measurement. The ellipse 630 defines a perimeter that
excludes edges of the flood field 628 where pixels and
boundaries can fluctuate more often than the pixels within
the ellipse 630. The patient’s vital sign is then measured
from the ROI, where the pixels are relatively more stable
and more likely to exhibit physiologic modulations with a
suitable SNR. In an embodiment, the processor infers a
size of the patient’s forehead within the field of view and
sizes the ellipse in proportion to the inferred size.
[0082] The size of the ellipse (or other shape) 630 can
be chosen to provide a large enough number of pixels
for a stable physiologic signal, but not so large as to de-
grade the SNR. Additionally, the ROI can limit the amount
of computational power needed to process the extracted
intensity signals, by excluding a portion of the contiguous
region 626 and restricting the ROI to a manageable size.
In an embodiment, if the contiguous region 626 is smaller
than the ellipse, then the entire contiguous region 626 is
used as the ROI. In an embodiment, the size of the ROI
can be adjusted by a user or automatically suggested by
the processor, increasing or decreasing the size of the
ellipse (or other shape) 630, depending on the particular
patient, skin tone, exposed skin area, initial calibrations,
camera settings (such as color depth and dynamic
range), lighting conditions, and processing power.
[0083] Although the boundary 630 is shown as an el-
lipse, other shapes may be used. For example, an elon-
gated boundary (wider than it is high) is a good shape
for the forehead. Other shapes can be used for other
parts of the body, such as a circle (a type of ellipse) on
the hand, or polygonal shapes. In an embodiment, the
boundary of the ROI has a convex shape devoid of sharp
corners. The ellipse 630 can be created by applying ratios
from the face box 622 or the forehead location 624 of
Figure 6B. For example, the ellipse may be a proportion
of the distance between the patient’s eyes, or a proportion
of the forehead region 624. The portion of the contiguous
region 626 that is outside the boundary 630 is discarded,
and the intensity signal is extracted from the ROI within
the boundary 630, such as by averaging intensity signals
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from pixels within the ROI. In an embodiment, weighted
averaging is employed, such as by weighting pixels near
the center of the ROI more heavily than pixels near the
boundary 630. In an embodiment, the weight is increased
with increasing proximity to the center of the ROI.
[0084] A method for video-based monitoring utilizing a
flood fill method is outlined in Figure 7. The method in-
cludes receiving, from a video camera, a video signal
having a field of view exposed to a patient, at 701, and
identifying a first seed point on the patient, at 702. The
method includes flood filling a first contiguous region from
the first seed point to a boundary, at 703, and extracting
an intensity signal from the first contiguous region at 704.
The method includes measuring a vital sign from the in-
tensity signal at 705, and outputting the measured vital
sign for further processing or display at 706.
[0085] Video photoplethysmogram signals acquired
by flood fill filtering of a video signal from a patient are
plotted in Figures 8A and 8B. Both figures show light
intensity signals from the Green and Red channels from
a video camera. Both the Green and Red signals exhibit
amplitude modulations due to the patient’s pulse rate,
with the modulations in the Green signal exhibiting larger
amplitude than the Red signal. Figure 8A shows the sig-
nals over approximately 70 seconds, and Figure 8B
shows a zoomed in segment of 10 seconds. Both signals
show some respiratory modulations, though they are
more pronounced in the Green signal, appearing as shifts
in the baseline or DC level of the signal.
[0086] Figures 9A-9C illustrate an embodiment in
which the flood fill region 916 dynamically changes over
time to track movement of a patient 912 within the field
of view 901. These figures show movement of the pa-
tient’s head and torso, from facing down and to the read-
er’s left in Figure 9A, to a position facing straight toward
the camera in Figure 9B, to a position looking to the read-
er’s right in Figure 9C. The flood field 916 dynamically
updates over time as the patient moves. In an embodi-
ment, the seed point 914 is continually tracked, and the
flood field continually updated to create a dynamically
morphing contiguous region. The facial recognition tool
identifies a forehead box 924 and places a seed point
914 inside the box. The flood field is then filled out from
the seed point 914 until it reaches a boundary defining
the flood field 916. These steps are repeated as the pa-
tient moves. In Figure 9A, the processor has identified
the forehead box 924A, assigned the seed point 914A in
the middle of the box 924A, and flooded the flood field
916A around the seed point. The intensity signal for vital
sign measurement is extracted from this flood field 916A
(or from a sub-region within this flood field, as discussed
with respect to the ellipse 630 in Figure 6C). In Figure
9B, the processor has tracked the patient’s movement,
moving the forehead box to its position at 924B, and re-
assigning the seed point 914B to the middle of the fore-
head box, and re-generating the flood field 916B around
the seed point 914B. In Figure 9C, the processor has
again tracked movement to the new position of the fore-

head box at 924C, re-assigned the seed point to the mid-
dle of the box at location 914C, and re-generated the
flood field 916C. In an embodiment, the seeding position
is updated with every frame; this may be referred to as
the seeding frequency. A fast seeding frequency is useful
for tracking motion, but may cause the seed position to
jump erratically, in which case some temporal filtering
can be applied.
[0087] This dynamic updating of the flood field (or the
ROI within the flood field) enables tracking of the patient’s
physiological areas of interest during patient movement.
Updating can be done with a static seed or a dynamic
seed. A static seed is placed in a static location within an
area, such as in the middle of a face box or forehead box
or forehead ellipse (or other region or shape). If the static
seed is obscured or moves out of view, the processor
waits to regenerate the flood field until the static seed
returns to view. Once the static seed is available again,
the processor will generate the flood field from there
again. A dynamic seed moves its location relative to a
defined area like a forehead box or ellipse. For example,
in an embodiment, the seed position is dynamically up-
dated every frame by computing the centroid of the field
and feeding it back into the flood fill method. The centroid
of the new flood field is calculated, the seed point is
moved to that centroid point, and then the process is
repeated as each new flood field is generated.
[0088] In an embodiment, a new flood field is generat-
ed with each new seed point, and the flood field is then
added to a running average to create a time-averaged
flood field shape. In an embodiment, the ROI is selected
from this time-averaged shape, and the physiologic pa-
rameter is then calculated from the ROI. In an embodi-
ment, a new flood field is generated upon a set seeding
frequency, an adjustable seeding frequency, or upon a
detected event, such as motion of the patient.
[0089] If the entire flood fill region rotates or moves out
of view, the seed point is lost and the processor attempts
to locate the patient within the field of view. In the mean-
time, the processor starts a timer that counts down and
triggers an alarm if the timer expires prior to the seed
point and ROI being re-established. A message may be
displayed on a monitor screen while the timer is running,
to alert a clinician that the processor is searching for the
physiologic region within the image. When the patient is
recognized, such as when the patient returns into the
image or stops moving, the processor begins the process
again, looking for anatomical features (such as facial rec-
ognition), assigning a seed point, and generating the
flood field (and resetting the timer).
[0090] In an embodiment, the system is continually rec-
ognizing patient features and assigning a seed point, so
that it can continually track movement of the patient within
the field of view, and, if the patient exits the field of view,
can resume tracking when the patient returns to the field
of view. Further, movement of the seed point (or flood fill
region, or ROI) across the field of view can itself be
tracked as a motion signal, indicating that the patient is

25 26 



EP 3 207 863 A1

15

5

10

15

20

25

30

35

40

45

50

55

moving. This information can be useful to a clinician to
put other vital signs in context, or to confirm that the pa-
tient is active (such as with neonates at risk of SIDS). In
an embodiment, movement or variability of the seed point
can be used as a criterion for validating that the seed
point is located on the subject. For example, if the seed
point lacks any movement or variability in location from
frame to frame, and if the extracted intensity signal lacks
a physiologic modulation, then the processor can reject
the seed point as being located on a non-physiologic ob-
ject, such as a photograph in the field of view. This var-
iability criterion can be applied before displaying a vital
sign.
[0091] If the seed point or ROI moves out of the image
or is lost, the processor may also engage back-up or
alternative methods as it attempts to re-locate the patient.
For example, the processor may initiate a skin tone filter
method (described in more detail below) to try to identify
an area of skin in the image frame. If the skin tone filter
identifies a candidate region, the processor may measure
a physiologic parameter from that candidate region (or a
portion of it) and output that physiologic parameter, even
while it is still continuing to look for a seed point to re-
establish a flood fill region.
[0092] In an embodiment, two different flood-filled con-
tiguous regions are each used to extract the same or a
different vital sign. For example, in Figure 6A, the first
seed point 614 on the patient’s forehead is used to gen-
erate the flood field 616, from which the patient’s pulse
rate is measured. A second seed point 640 on the pa-
tient’s ear is also identified, and is used to generate a
second flood field 642, from which the patient’s respira-
tion rate is measured. As discussed above with respect
to Figures 5A and 5B, different ROI’s at different locations
on the patient exhibit the same vital signs in different
ways, such as one region exhibiting respiration rate more
strongly than another. A second seed point can be cho-
sen for the purpose of tracking respiration rate, or SpO2,
or other vital signs. For respiration rate, a region along a
border (such as the ear) can provide a signal with a good
SNR.
[0093] In an embodiment, two or more different flood-
filled regions are used to produce a single vital sign. The
vital sign can be calculated from the first region and again
from the second region, and then the two calculated val-
ues can be averaged together to produce an output vital
sign measurement. In an embodiment, the averaging is
weighted, based on signal quality or anatomical prefer-
ence. For example, the vital sign calculation from the
forehead region can be weighted heavier than the vital
sign calculation from the cheek region, given that the
forehead tends to be better perfused than the cheeks. In
an embodiment, forehead SpO2 is calculated from a fore-
head flood fill region, and cheek SpO2 is calculated from
a cheek region, and the forehead SpO2 and cheek SpO2
values are averaged into a final SpO2 value (which can
itself be added to an averaging filter for display). In an-
other embodiment, forehead respiration rate is calculat-

ed from a forehead flood fill region, and chest respiration
rate is calculated from a chest region (which may or may
not be flood filled), and those values are averaged into
a final respiration rate value. The forehead, cheek, and
chest are given as examples only and can vary in other
embodiments.
[0094] In another embodiment, two different vital signs
can be measured from two different portions of the same
flood field. For example, referring to Figure 6C, pulse rate
can be measured from the ROI 628 inside the ellipse
630, and respiration rate can be measured from the re-
mainder of the flood fill region 626, between the ellipse
630 and the boundary 618. In another approach, different
vital signs can be measured from the same region (such
as both from the same ROI 628) but based on different
weighting of the pixels within that region. For example,
a first light intensity signal can be generated from the ROI
628 by weighting the pixels more heavily toward the cent-
er of the ROI 628 (away from the ellipse 630), and a
second light intensity signal can be generated from the
ROI 628 by weighting the pixels more heavily away from
the center (toward the ellipse 630). This can produce two
different signal that behave similarly to those shown in
Figures 5A and 5B, with one signal more strongly exhib-
iting a respiration modulation. As an example, the pa-
tient’s pulse rate can be measured from the first signal,
and respiration rate from the second.
[0095] The flood fill approach is also useful in automat-
ically excluding non-physiologic areas such as sensors
and bandages, as illustrated in the embodiment of Figure
10A. In Figure 10A, a patient 1012 is wearing a sensor
1044 on the forehead, above the patient’s left eyebrow.
Based on facial recognition and/or user input, the system
has identified two seed points 1014A and 1014B, and
generated two flood fill regions 1016A, 1016B, respec-
tively. The forehead region 1016A encounters the sensor
1044 and automatically excludes it from the region,
based on different characteristics of the pixels along the
sensor. The flood fill method automatically defines this
boundary, excluding pixels that are less likely to contrib-
ute a physiologic signal.
[0096] Dynamic updating of the flood fill region is also
useful to exclude passing artifacts, as illustrated in the
embodiment of Figure 10B. In Figure 10B, the patient
1012 is waving a hand 1046 across the field of view 1001,
temporarily obscuring his or her face from the camera’s
view. With dynamic updating, the seed point 1014B au-
tomatically moves within the recognized area of the pa-
tient’s face, and the flood fill region 1016B is automatically
updated around the seed point 1014B. As the patient’s
hand (or other object) moves across his or her face, the
flood fill region automatically shifts to avoid the passing
artifact, by adjusting itself and refreshing the contiguous
region that matches the desired characteristics around
the seed point. In Figure 10B, the contiguous region
1016B has shrunk and shifted to the reader’s left, trun-
cated at the new boundary 1018 presented by the side
of the user’s hand 1046. As the user’s hand (or other
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object) continues moving across the face, the boundary
1018 continues to move and adjust, defining the contig-
uous area and excluding the hand (or other object) due
to its different characteristics. When the hand (or other
object) has finished passing by, and the patient’s face is
fully visible again, the flood fill region will again refresh
based on the newly assigned seed point, enabling truly
dynamic tracking and artifact rejection.
[0097] Tolerances for the contiguous, flood filled re-
gion can be adjusted to expand or narrow the size of the
region, as illustrated in the embodiment of Figure 10C.
In Figure 10C, two flood filled regions 1017 and 1019 are
generated from a single seed point 1014C. The region
1017 has wider tolerances than the region 1019. As a
result, the region 1017 expands further across the pa-
tient’s face, until reaching a boundary 1017A where
neighboring areas no longer share the evaluated char-
acteristics within the relatively wider tolerances. Mean-
while, the region 1019 stops at an earlier boundary
1019A, including a smaller area that shares characteris-
tics within relatively narrower tolerances. Tolerances can
be adjusted to generate flood filled regions of various
sizes, and different physiologic signals can be measured
from the different regions.
[0098] In an embodiment, the size of the flood fill region
is monitored and used as an indication of confidence in
the physiologic signal. In particular, the variability in the
size of the region can be a useful indicator. If the patient
is moving, or if lighting conditions are changing rapidly,
or if an object is waving back and forth in front of the
patient, then the flood fill region (such as region 1017 or
1019 in Figure 10C) will change in size as it attempts to
dynamically track the patient and fill a region from the
seed point. In such a dynamic situation, the boundary
(such as 1017A or 1019A) moves frequently to accept or
reject neighboring pixels or areas, and the size and/or
location of the flood fill region changes quickly. The size
or location of the region can be calculated, and the var-
iability of the size or location calculated over time. If the
variability exceeds a threshold, the physiologic signals
measured from the flood fill region can be flagged as
having low confidence, and/or a confidence metric can
be reduced, and/or an indicator or alarm can be triggered.
This same approach can be used by tracking the location
of the seed point - if the location changes rapidly, a low-
confidence flag can be set and/or a confidence metric
reduced. Conversely, if the size of the flood fill region
and/or the location of the seed point are stable, then a
confidence metric can be increased and/or a high-confi-
dence flag set.
[0099] In an embodiment, the flood filled region is dis-
played to the user, such as a doctor, nurse, or clinician,
so that the user can understand the basis for the physi-
ologic signals and the measured vital signs, and can as-
sess whether any action is needed, such as an input to
change the seed point (described in further detail below),
a change in lighting conditions in the room, increasing or
decreasing the size of an ROI (such as ellipse 630), or

other actions.
[0100] In an embodiment, a skin filtering method is em-
ployed in order to recognize a physiologically relevant
portion of an image frame. An example image frame 1101
is shown in Figure 11. In this method, a skin tone filter
identifies candidate skin pixels, and light intensity signals
are extracted from candidate skin pixels within target re-
gions or regions of interest (ROI’s) on the patient. A skin
tone filter operates by identifying pixels that fall within a
range of color values. This range of color values includes
those colors that are likely to be reflected from the sub-
ject’s skin. The particular range of color values for an
individual patient depends on the patient, the medical
situation, and ambient light conditions. Approaches for
setting the target range of color values are discussed in
more detail below. The skin tone filter evaluates pixels
within the image frame (or a designated portion of the
image frame) and identifies those pixels that have color
values that fall within the target range. Skin tone filtering
finds these pixels anywhere in the image frame, as con-
trasted from flood fill, which finds pixels that are spatially
connected to each other.
[0101] Figure 11 shows an image frame 1101 with a
patient 1112. The image frame 1101 is passed through
a skin tone filter to identify candidate regions 1150A-C,
which are shaded in Figure 11. The candidate regions
include identified skin pixels that may be spread across
the image, in some large groups (such as 1150A) and
some smaller groups (such as 1150B) or even individual
pixels (such as pixel 1150C). The candidate region is not
necessarily contained in one single, contiguous region.
In an embodiment, the skin tone filter refreshes continu-
ally, or at a periodic frequency such as once per second,
to identify the candidate regions 1150 as they may
change over time, such as when the patient moves, light-
ing conditions in the room change, or items such as a
bandage 1152 are placed over the patient’s skin, obscur-
ing some of the skin from the camera’s view. The skin
filter refreshes so that it tracks the patient in the image
and continues to identify candidate areas for measure-
ment of physiologic signals.
[0102] In an embodiment, a light intensity signal is ex-
tracted from all of the candidate regions 1150 that are
passed by the skin tone filter. Vital signs such as pulse
rate, respiration rate, and SpO2 can be measured from
the extracted intensity signal, as discussed above. In an-
other embodiment, the candidate regions are further sub-
divided and selected before the physiologic vital signs
are measured. For example, in an embodiment, a target
region of interest (ROI) is identified on the patient, and
the light intensity signal is extracted from the pixels with
that ROI. Three non-overlapping ROI’s 1128A, 1128B,
and 1128C are shown in Figure 11 (though in other em-
bodiments they may overlap). The ROI 1128A is a fore-
head box which can be automatically configured and
placed by facial recognition tools. The ROI 1128B is a
smaller ellipse within the forehead box. The ROI 1128C
is a region of the cheek, which can also be configured
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and placed by facial recognition tools, including by cre-
ating a box that is a determined ratio of the forehead box,
and placing it a determined distance below the forehead
box. A light intensity signal is then extracted from the
skin-tone filtered pixels within each ROI. In an embodi-
ment, the light intensity signal from a skin tone filtered
area or a particular ROI with skin-tone filtered pixels is
first checked for physiologic modulations, to make sure
that the area it is viewing is physiologic. If the area lacks
physiologic variability (such as a modulation at an ex-
pected hear rate), it can be rejected as being located on
a non-physiologic object, such as a photograph in the
field of view, and the algorithm can look for or ask for a
new seed point for flood filling or new color ranges for
skin tone filtering. The skin tone filtering method is useful
in this regard, as the entire image can be scanned to find
pulsating, physiologic portions of the image, without any
prior knowledge of what is within the field of view. For
example, the skin tone filter can identify areas of exposed
skin for extraction of a physiologic signal, without having
to first recognize facial features or identify a seed point.
[0103] In an embodiment, one of several ROI’s is cho-
sen for physiologic measurement based on desired char-
acteristics of the intensity signal extracted from that ROI.
For example, the intensity signals extracted from each
of ROI’s 1128A, 1128B, and 1128C are plotted in a his-
togram in Figure 12A. This histogram is taken from a
snapshot of the intensity signals, and shows the number
of pixels within each ROI (y-axis) that exhibited each in-
tensity value (x-axis). The intensity value can be taken
from a single channel (such as Red, Green, or Blue), or
an average or sum of the channels, a greyscale intensity
value, or another value representative of pixel intensity.
The forehead ellipse 1128B and the cheek region 1128C
both exhibit a uni-modal intensity distribution - a histo-
gram distribution with a single peak (shown in the lower
part of the histogram). By contrast, the larger forehead
box 1128A exhibits a bi-modal intensity distribution, with
two distinctive peaks noted at P1 and P2 in Figure 12A.
In an embodiment, the ROI that is selected for physiologic
measurement exhibits a uni-modal distribution.
[0104] In an embodiment, an ROI that exhibits a bi-
modal or multi-modal distribution is discarded or down-
weighted. This approach has been found to improve the
stability and strength of the physiologic signals extracted
from the selected ROI. For example, a bi-modal distribu-
tion may be caused by two groups of candidate skin pixels
within an ROI, one for each peak in the distribution, with
one group being closer to a light source or closer to an
edge of an anatomical feature than the other group. If
the patient moves or the lighting conditions in the room
change, one of those two groups may be eliminated the
next time the skin tone filter refreshes, causing the ROI
to suddenly shift its intensity distribution toward the other,
remaining group of pixels. This shift in pixels causes a
corresponding shift in the extracted intensity signal,
which can temporarily obscure the underlying physiolog-
ic signal. Later, when the patient moves again or the lights

return to a previous setting, the second group of pixels
may re-appear in the ROI, causing another shift in the
signal. As a result, ROI’s with bi- or multi-modal intensity
distributions may suffer from a lower SNR or more vari-
ability than uni-modal ROI’s.
[0105] In another embodiment, a bi- or multi-modal
ROI is not discarded but is monitored separately. If the
distribution remains bi- or multi-modal over a period of
time, the ROI may be used for vital sign measurement.
If the distribution alternates between uni-modal and
bi-/multi-modal (or between number of modes), then the
ROI may be ignored until its distribution becomes more
stable. In an embodiment, a bi- or multi-modal ROI is
deconstructed into individual unimodal distributions, and
the intensity range of one of these individual distributions
is then used to identify a corresponding ROI in the image
(such as by feeding that intensity range into the skin tone
filter). Two or multiple uni-modal ROI’s can thus be pro-
duced from the bi- or multi-modal distribution. These uni-
modal distributions can be tracked and analyzed for vital
sign measurement, though one or more of them may dis-
appear due to motion or changes in lighting.
[0106] In an embodiment, ROI’s with bi- or multi-modal
intensity distributions may be discarded, and of the re-
maining ROI’s (which have a uni-modal distribution), one
ROI is chosen for physiologic measurement. The larger
the ROI, generally the better the SNR due to the aver-
aging effects of the pulse amplitudes of the pleth. SNR
of the pleth is generally measured as ratio of the ampli-
tude of the pleth against the background noise, which is
obtained from a non-skin region. In an embodiment, the
largest ROI is chosen. In another embodiment, the ROI
with the strongest SNR is chosen. In another embodi-
ment, the largest or most stable forehead region is cho-
sen as the ROI. This can be based on choosing the peak
surface intensity in the ROI. Peak surface intensity will
be dependent on individual subject characteristics. For
example if subject has a bump on the forehead due to
swelling compared to a normal section of the forehead,
the bump would tend to have a peaked surface compared
to the normal region of the forehead.
[0107] Figure 12B shows the light intensity signals
(Red, Green, and Blue) extracted from a forehead ROI
such as 1128B from Figure 11, next to a signal from a
conventional contact-based pulse oximeter, for refer-
ence. The reference pulse oximeter shows a pulse rate
of 56.0 bpm (taken from an FFT of the oximeter PPG
signal), while the video-based light intensity signal shows
a pulse rate of 54.2 bpm (taken from the average of the
FFT peaks of the three R, G, and B signals from the
video).
[0108] Skin tone filtering can be applied to detect any
area of exposed skin, including the face, torso, hands,
feet, arms, and legs. An image frame 1300, shown in
Figure 13, views a field of view 1302 exposed to a hand
1346. A skin tone filter is applied to the image to identify
candidate skin pixels 1350. A light intensity signal can
be extracted from all of these pixels 1350, or from a small-
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er ROI, and the patient’s vital signs can be measured
from the extracted intensity signal, as described above.
[0109] A method for measuring physiologic parame-
ters from a video signal using a skin tone filter is shown
in Figure 14. In an embodiment, the method includes
receiving, from a video camera, a video signal encom-
passing exposed skin of a patient, at 1401, and filtering
the video signal with a skin tone filter to identify candidate
skin pixels within the video at 1402. The method includes
extracting an intensity signal from the candidate skin pix-
els at 1403. The method includes measuring a vital sign
from the intensity signal at 1404, and outputting the vital
sign for further processing or display at 1405. In other
embodiments, one or more ROI’s can be identified prior
to skin tone filtering, and the skin tone filter can be applied
within those ROI’s. Then intensity signals can be extract-
ed from the identified pixels in each ROI, and one or more
extracted intensity signals can be selected or combined,
and then the vital sign measured. In another embodi-
ment, one or more ROI’s can be identified after skin tone
filtering, and the candidate skin pixels within that ROI
used to extract the intensity signal.
[0110] The skin tone filter utilizes a range of color val-
ues, passing those pixels that are within the range. Sev-
eral options exist for setting this range. In an embodiment,
a user, such as a doctor or nurse, provides an input that
identifies an area of the patient’s skin, such as by tapping
on a touch screen, or clicking with a mouse, on the pa-
tient’s forehead, face, hand, or other area of skin that is
exposed in the image. The processor then stores the
color values of the pixels in that area, generates a toler-
ance range around those color values, and uses that
range for the skin tone filter. The tolerance range de-
pends on skintone, color space and color depth of the
images, and even the level of illumination (i.e. global
brightness). Example ranges in the RGB color space
(global range 0-255) include R:92-131 G:114-154
B:159-201 (for lighter skin tones), and (R:40-79 G:67-106
B:95-126) (for darker skin tones). These tolerances can
be set in other color spaces, such as HSV. In another
embodiment, the processor employs facial recognition
tools to identify the patient’s face, picks a seed point with-
in the patient’s forehead (or other region), and develops
the range of color values from the seed point. The initial
seed point can also be marked as a preferred point based
on initial calibration or input by a user (physician, nurse,
or other attending staff) (as described below with refer-
ence to Figures 15A-D). Then seeding can be combined
with facial recognition and tracking, in order to select the
preferred seeding point.
[0111] In another embodiment, after a seed point is
identified (whether by the user tapping or clicking, or the
processor selecting a point), a contiguous region is flood-
ed from that seed point, using a flood fill method as de-
scribed above. Once the contiguous region is filled, the
range of color values within that contiguous region is then
evaluated and set as the range for the skin tone filter.
For example, the system identifies intensity values of the

pixels in the flooded contiguous region (such as a histo-
gram of Red, Green, and Blue values) over a short cali-
bration time period. Then the range for the skin tone filter
is set around those identified values (such as a percent-
age, 95% or other, of the values in the histogram). A
suitable amount of time for the calibration time period
includes three or more cardiac pulses, to include the
range of intensities due to the physiologic pulse.
[0112] The skin tone filter then processes the image
and identifies all the candidate skin pixels, whether or
not contiguous and whether or not within the filled region.
The candidate skin pixels, or a sub-set of them, form the
target region. An intensity signal is extracted from the
target region, and vital signs calculated from that signal.
This approach is useful for tracking an ROI through
changing lighting conditions. Over the course of a day,
the lighting conditions in a room may change such that
the light reflected from a patient’s skin is within one range
of color values at one time, and a completely different
range of color values at a later time. The processor can
track the seed point and continue to flood fill a region
from the seed point, based on the characteristics of that
seed point, through changes in lighting. Then, the range
of color values from the flood filled area is input into the
skin tone filter so that the skin tone filter can refresh its
identification of areas throughout the image that are can-
didate skin areas. This combination of flood fill and skin
tone filtering addresses the difficulty in identifying appro-
priate skin tone ranges across various lighting, patient,
and environmental conditions.
[0113] In another embodiment, a seed point is not iden-
tified, but rather the skin tone filter iterates through sev-
eral possible range of color values, based on the range
of values that is likely to be reflected from a patient’s skin.
The range that results in the most candidate skin pixels
within an ROI, or that results in a light intensity signal
with the highest SNR, is then chosen as the range for
the skin tone filter. The possible ranges for this exercise
may be pre-programmed in the processor, or may be
determined by reference to a color or greyscale card or
graphic that includes likely skin tones and that is placed
in the field of view. The processor can then identify the
range of color values reflected from that card and iterate
through those ranges with the skin tone filter.
[0114] In an embodiment, a first PPG signal is extract-
ed from a contiguous flood-fill region and a second PPG
signal is extracted from a skin-tone filtered region. The
two PPG signals can be combined together (such as an
average or weighted average) into a combined PPG sig-
nal from which to measure a vital sign, or one of the two
signals can be selected based on quality criteria. In an
embodiment, a vital sign is measured separately from
each PPG, producing a flood-fill vital sign measurement
and a skin-tone-filter vital sign measurement, and the
measurement that appears to be the most reliable is cho-
sen, based on quality, SNR, variability, and similar crite-
ria. In an embodiment, the skin tone filter PPG is analyzed
first, and a vital sign such as pulse rate is calculated from
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the skin tone filter PPG. If that measurement fails for any
reason, then the flood fill PPG is used as a second, back-
up option for determining the vital sign.
[0115] In an embodiment, the skin tone filter dynami-
cally updates over time, continually refreshing to identify
the candidate skin pixels in the changing video stream.
In an embodiment, an initial calibration period is utilized
first, to determine initial parameters for the skin tone filter,
and to map the face (including noting differences such
as bandages, sensors, etc on the face). After that initial
calibration, the skin tone filter dynamically updates as
the environment changes (subject to a maximum refresh
rate), or at a set frequency such as once per second or
faster.
[0116] In an embodiment, a processor accepts a user
input to assist the processor in identifying relevant areas
of the patient in the image. A few examples are shown
in Figures 15A-D. For example, in Figure 15A, a user
touches (on a touch screen) or clicks (on a mouse) at
location 1560 to locate an area of the patient on a display
screen 1562 (which may be a touch screen). In Figure
15A, the input location 1560 corresponds to a location
on the patient’s forehead 1568. The processor can then
use this location 1560, or a nearby location on the fore-
head 1568, as a seed point for a flood filling method, for
skin tone filtering, for facial recognition, or for defining an
ROI, as discussed above. The input can be a click from
a mouse or a touch input (such as a gesture or tap) on
a touch screen, or a confirmation entered on a keyboard.
[0117] In an embodiment, the input can be performed
remotely by a physician, as part of a remote non-contact
monitoring system. The input may be performed on a still
image of the patient from the video stream, or from the
live video stream. For example, any of the images in Fig-
ures 15A-D can be a still shot, frozen from the live video
stream, in which case the input from the user is taken by
the processor and applied to the live video stream. If en-
vironmental or patient conditions have changed drasti-
cally in the interim (which could be only a few seconds),
then the processor may need to prompt the user to try
again; however, if conditions have not changed much,
then the processor can apply the input from the frozen
shot to the live video. Alternatively, any of the images in
Figures 15A-D can be a live video stream, and the user
provides the input in real-time. The input can be a point
on the face, forehead, nose, cheek, hand, shoulder,
chest, eyes, or other anatomical area of the patient. The
processor can infer other relevant areas in spatial relation
to the user input, such as placing a forehead box above
the eyes, or placing a face box centered on the nose.
[0118] In Figure 15B, the user inputs a gesture 1564
on the touch screen 1562. The gesture 1564 involves
swiping or circling to locate an area 1566 of the patient.
In Figure 15B, the user has swiped or circled around the
patient’s face 1566 to identify the location of the face in
the video signal. The processor can then identify a seed
point within the located area. The gesture 1564 need not
be fully enclosed and may be an open circle, or may

include some areas around the patients face. The proc-
essor can employ facial recognition tools to find relevant
areas of the patient based on the initial location or region
provided by the gesture 1564. In Figure 15B, this gesture
1564 is performed on a hand-held device 1505 such as
a tablet, smartphone, or similar device.
[0119] In Figure 15C, the user inputs two locations
1560A and 1560B near opposite ends of an anatomical
feature of the patient, such as at the top and bottom of
the patient’s face. The processor then focuses on the
area between the locations 1560A and 1560B for facial
recognition. This user input can help the processor find
facial features even when they are partially obscured,
such as by the eye patch 1570 in Figure 15C.
[0120] In Figure 15D, the processor outputs a suggest-
ed seed point 1574 and a prompt 1572 to the user to
confirm that the suggested seed point 1574 is correct,
meaning that it does fall on a relevant area of the patient,
such as exposed skin, or an anatomical feature. The user
clicks, touches, or otherwise selects "Yes" or "No" to in-
form the processor whether to proceed with point 1574
or pick a different point. In another embodiment, the proc-
essor outputs a prompt to ask the user to locate a re-
quested area on the patient, such as asking the user to
click or tap on the patient’s face, forehead, or other loca-
tion. In an embodiment, the processor recognizes a facial
feature of the patient, prompts the user to confirm, and
in response to the confirmation, identifies a seed point
on the patient in spatial relation to the recognized facial
feature, and flood fills a contiguous region from the seed
point. In another embodiment, the user swipes around
the patient’s face, and then the processor identifies a
face area within the image, determines a range of color
values for a skin tone filter, and then skin tone filters the
image (or just the face area) to identify candidate skin
pixels for further processing. Other combinations of
swipes, clicks, and taps can be used, such as a click-
and-drag input where the user clicks (or taps) at the lo-
cation of the seed point, and then drags the finger or
curser away to expand the flood field out from the seed
point. By dragging farther, the user is creating a larger
flood field, with looser tolerances, and by dragging back
in toward the seed point, the user is creating a smaller
flood field, with tighter tolerances. The result can be
shown to the user in realtime on the display, and the user
releases the drag when satisfied with the resulting flood
field.
[0121] In an embodiment, the processor outputs a
prompt, asking the user to identify a location on the pa-
tient, in response to a determination of low or no confi-
dence in an automated facial recognition. For example,
the system may at first attempt to recognize a face within
the image, and if it fails or has low confidence in the result,
it then outputs a prompt to the user to locate an area of
the patient in the image.
[0122] A method for measuring a patient’s vital sign
from a video signal, with a user input locating an area of
the patient, is outlined in Figure 16. In an embodiment,
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the method includes receiving, from a video camera, a
video signal having a field of view exposed to a patient
at 1601, and receiving, from a touch screen, keyboard,
or mouse, a user input locating an area of the patient at
1602. The method includes identifying, with a processor,
a region of interest in the located area at 1603 (such as
by flood filling or skin tone filtering) and extracting an
intensity signal from the region of interest at 1604. The
method includes measuring a vital sign from the intensity
signal at 1605 and outputting the vital sign for further
processing or display at 1606.
[0123] A flood field algorithm was applied to video sig-
nals during a recent clinical study involving healthy hu-
man volunteers undergoing a double desaturation pro-
tocol. (In this protocol, the volunteers were fitted with a
face mask in order to adjust the mixture of oxygen and
induce desaturation. Each subject underwent two dis-
crete episodes of hypoxia. Twenty hypoxic episodes
were collected from 10 volunteers, spanning a range of
skin pigmentations.) A video signal of each subject was
acquired during the desaturation episodes. The video im-
age stream was captured using a scientific camera
(Basler AcA1920-155uc with Nikon AF-S NIKKOR 35mm
1:1.8G lens) at a frame rate of 70 fps. A dynamic seed-
tracking flood-fill method was utilized to extract the PPG
signals from the video. In particular, the method included
defining a target rectangle on the subject’s forehead, by
reference to a forehead sensor on the subject that served
as a positional marker. Lower and higher tolerances were
set, representing the maximum allowable relative chang-
es between adjacent pixels. A seed point was created at
the center of the rectangle, and, for each frame, a floodfill
operation was performed which recursively aggregated
all adjacent pixels with tolerances, starting from the seed
point. The resulting flood field was clipped to an ellipse
to create the ROI. Some temporal inertia was applied to
reduce flickering around the edges, and then the pixels
within the ROI were sampled to extract the PPG signals.
A flowchart representing this method is attached in Figure
17. By repeating this floodfill process for each frame, the
flood field is dynamically re-centered even during mod-
erate motion by the subjects.
[0124] The dynamically tracking flood field algorithm
allowed for a good quality PPG to be generated through
moderate motion. Next, the green channel was pro-
ceesed using a fast Fourier transform (FFT) applied over
a sliding 30-second temporal window. The video heart
rate (HRvid) was computed automatically from the re-
sulting frequency spectra by based on the physiologically
relevant local peaks in the spectrum. A Nellcor OxiMax
Max-A sensor (Medtronic, Boulder, CO) was attached to
the subject’s finger and provided a reference pulse rate
(HRp). Figure 18 shows a scatter plot of HRvid versus
HRp for all the data. The least squares regression line is
plotted on the figure, showing good agreement between
the video method and the oximeter reference.
[0125] The non-contact video monitoring system pro-
vides many benefits over traditional contact sensors, and

also enables monitoring in new and difficult situations. In
one example, the non-contact video-based monitoring
system can be used to measure vital signs in patients
who are not able to tolerate a contact-based sensor, such
as patients with skin trauma. These patients could in-
clude burn victims, or patients with other sensitive skin
conditions. In another example, the non-contact video-
based monitoring system can be used to measure mul-
tiple patients at the same time (see Figure 2B). A method
for monitoring two or more patients at the same time in-
cludes orienting the field of view of the camera to encom-
pass two or more patients. In an embodiment, the camera
is oriented such that the field of view encompasses ex-
posed skin of each patient, and groups of pixels that ex-
hibit physiologic modulations are identified for each re-
spective patient. A single camera system can then be
used to measure vital signs from multiple patients, such
as patients on a general care floor, or to track movement
of patients within a room or ward. Where two or more
patients are within a field of view, a skin tone filter may
distinguish between different patients by identifying
physiologic ROI’s that encompass different ranges of
color values, due to differences in skin pigmentation of
those patients or different lighting conditions across the
room. Facial recognition techniques may also be used
to distinguish each patient.
[0126] In an embodiment, a monitoring system is pro-
grammed to take certain steps including activating
alarms or messages when a suitable physiologic signal
is not ascertainable in the field of view. For example, in
an embodiment, a processor acquires a physiologic sig-
nal (such as by skin tone filtering or flood filling a region
of interest in the field of view, as described above), and
determines a physiologic parameter from the signal.
However the signal may be lost when the patient moves
out of the field of view, or moves in such a way that a
physiologic region (such as exposed skin) is not visible,
or moves too quickly for accurate tracking. The signal
may also be lost if another person or item moves into the
field of view and blocks the camera’s view of the patient,
or if the room becomes too dark (such as if room lights
are turned off at night). In any of these or similar situa-
tions, the processor starts a timer counting down, and
holds the previous value of the calculated physiologic
parameter. After a short duration, the processor may
send an alert message to be displayed on a screen or
otherwise notified to a clinician, to indicate that the signal
has been lost and the parameter value is held frozen. If
the timer expires, the processor can then sound an alarm
or other notification, such as an escalated message or
indicator, and remove the frozen physiologic parameter
value (or otherwise indicate that it is a previous value, no
longer being updated). This can be a system-level alarm
or notification, which indicates a problem with the signal
acquisition, as distinguished from a physiologic alarm
(that would indicate a physiologic parameter of the pa-
tient crossing an alarm threshold). This alarm or notifica-
tion can be a message stating that the room lights have
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been turned off, or the patient has exited the field of view,
or the patient is obscured in the field of view, or the patient
is moving, or other applicable circumstance.
[0127] This message can be displayed at a remote sta-
tion (such as a nursing station at a hospital) or on a re-
mote, wireless device (such as a smartphone, tablet, or
computer). Additionally, at a central monitoring station
(such as a nursing station at a hospital), where display
screens display information about multiple different pa-
tients, the video-based monitoring system can alert the
central station to highlight an individual patient. For ex-
ample, the remote monitoring system can send an alert
or flag based on a change in condition (a system-level
alarm, a physiologic alarm, an activity level of the patient,
etc), and the central station can then enlarge the video
stream from that particular camera. This enables the car-
egivers at the station to quickly assess the situation in
the room and determine if urgent action is needed.
[0128] In an embodiment, the processor identifies or
is informed that a clinician or caregiver is interacting with
the patient, and the processor temporarily halts dynamic
tracking of the intensity signal and/or temporarily halts
calculation of a physiologic parameter from the intensity
signal. This step is taken because such interaction inter-
feres with the camera’s view, rendering the light intensity
signals more noisy and less reliable. When the interaction
is finished, the processor resumes its remote monitoring
of the patient.
[0129] The vital signs measured from the video signal
can be used to trigger alarms based on physiologic limits
(for example, high or low heart rate, SpO2, or respiration
rate alarms). The video signals, the measured vital signs,
and triggered alarms can be used by clinicians to identify
patients in distress, provide clinical intervention, apply a
treatment, support a diagnosis, or recommend further
monitoring. The vital signs measured from the video sig-
nals may be further processed to arrive at a final value
that can be displayed or compared to alarm limits. Further
processing may include adding the vital sign to a running
average (such as an infinite impulse response filter) to
smooth out variability, rejecting outlier vital sign meas-
urements that are not supported by known physiological
limits (such as a newly calculated heart rate that varies
by more than a physiologically expected amount, as dis-
cussed above), increasing or decreasing a weight ap-
plied to the vital sign, calculating statistics relating to the
vital sign, or other processing steps. The result is a final
number, derived from the vital sign measurement from
the intensity signal, and this final derived number can be
displayed, stored, or compared to alarm limits.
[0130] The systems and methods described here may
be provided in the form of tangible and non-transitory
machine-readable medium or media (such as a hard disk
drive, hardware memory, etc.) having instructions re-
corded thereon for execution by a processor or computer.
The set of instructions may include various commands
that instruct the computer or processor to perform spe-
cific operations such as the methods and processes of

the various embodiments described here. The set of in-
structions may be in the form of a software program or
application. The computer storage media may include
volatile and non-volatile media, and removable and non-
removable media, for storage of information such as
computer-readable instructions, data structures, pro-
gram modules or other data. The computer storage me-
dia may include, but are not limited to, RAM, ROM,
EPROM, EEPROM, flash memory or other solid state
memory technology, CD-ROM, DVD, or other optical
storage, magnetic disk storage, or any other hardware
medium which may be used to store desired information
and that may be accessed by components of the system.
Components of the system may communicate with each
other via wired or wireless communication. The compo-
nents may be separate from each other, or various com-
binations of components may be integrated together into
a medical monitor or processor, or contained within a
workstation with standard computer hardware (for exam-
ple, processors, circuitry, logic circuits, memory, and the
like). The system may include processing devices such
as microprocessors, microcontrollers, integrated circuits,
control units, storage media, and other hardware.
[0131] Although the present invention has been de-
scribed and illustrated in respect to exemplary embodi-
ments, it is to be understood that it is not to be so limited,
since changes and modifications may be made therein
which are within the full intended scope of this invention
as hereinafter claimed.

Claims

1. A video-based method of measuring a patient’s vital
sign, comprising:

receiving, from a video camera, a video signal
having a field of view exposed to a patient;
identifying, using a processor, a first seed point
on the patient;
flood filling, using the processor, a first contigu-
ous region from the first seed point to a bound-
ary;
utilizing the first contiguous region to identify a
target region;
extracting, using the processor, a first intensity
signal from the target region;
measuring a vital sign from the first intensity sig-
nal; and
displaying a number derived from the measured
vital sign.

2. The method of claim 1, wherein flood filling the con-
tiguous region comprises identifying, adjacent the
first seed point, neighboring pixels or regions that
share a common characteristic with the first seed
point, until the boundary is reached wherein the
boundary comprises pixels that lack the common
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characteristic, and
optionally at least one of a) and b):

a) the common characteristic comprises color
values or intensity values within a range;
b) the common characteristic comprises a
shared frequency content.

3. The method of any preceding claim, wherein utilizing
the first contiguous region to identify the target region
comprises determining a range of color or intensity
values within the contiguous region, setting a skin
tone filter with the range, and applying the skin tone
filter to the video signal, and wherein the skin tone
filter outputs the target region.

4. The method of any preceding claim, wherein identi-
fying the first seed point comprises recognizing a
facial feature and locating the first seed point relative
to the recognized facial feature, and
optionally:

recognizing a facial feature comprises receiving
a user input indicating the facial feature.

5. The method of any preceding claim, wherein at least
one of c), d) or e):

c) utilizing the first contiguous region to identify
the target region comprises selecting the target
region within the first contiguous region and ex-
cluding a portion of the first contiguous region
from the target region;
d) the method further comprises applying alarm
conditions to the displayed number or the first
intensity signal, wherein the alarm conditions
omit a sensor-off or sensor-disconnect alarm;
e) identifying the first seed point comprises re-
ceiving a user input locating the first seed point.

6. The method of any preceding claim, wherein at least
one of f) or g):

f) the vital sign comprises oxygen saturation,
and wherein extracting the intensity signal com-
prises extracting two time-varying color signals,
and wherein measuring the vital sign comprises
measuring oxygen saturation from the two time-
varying color signals;
g) the vital sign comprises pulse rate, and
wherein measuring the vital sign comprises
identifying a frequency content of the intensity
signal, and measuring the pulse rate from the
frequency content.

7. The method of any preceding claim, further compris-
ing dynamically updating the contiguous region over
time.

8. The method of claim 7, wherein at least one of i) and
j):

i) the first seed point comprises a dynamic seed
point, and wherein dynamically updating com-
prises re-generating the contiguous region from
the dynamic seed point at a regular time interval;
j) the first seed point comprises a dynamic seed
point, and wherein dynamically updating com-
prises re-generating the contiguous region as
the dynamic seed point moves within the image
frame.

9. The method of any preceding claim, further compris-
ing subjecting the first seed point or the first contig-
uous region to a variability criterion, wherein said
first seed point or first contiguous region is rejected
upon a failure of the variability criterion, wherein
optionally:

the failure of the variability criterion indicates a
non-physiologic subject.

10. The method of any preceding claim, further compris-
ing:

identifying a second seed point on the patient;
flood filling a second contiguous region from the
second seed point;
utilizing the second contiguous region to extract
a second intensity signal;
measuring a second vital sign from the second
intensity signal.

11. The method of claim 10, wherein at least one of k)
and 1):

k) the first vital sign comprises pulse rate and
the second vital sign comprises SpO2;
1) the first and second vital signs are both meas-
urements of pulse rate, and further comprising
outputting the first vital sign, or the second vital
sign, or a combination of both.

12. The method of claim 1, further comprising displaying
the first contiguous region or the target region.

13. A video-based method of measuring a patient’s
pulse rate, comprising:

receiving, from a video camera, a video signal
encompassing exposed skin of a patient’s fore-
head;
identifying, using a processor, a first seed point
on the forehead;
flood filling, using the processor, a contiguous
forehead region from the first seed point;
encountering a boundary at an eyebrow region
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and excluding the eyebrow region from the fore-
head region;
identifying, using the processor, an elongated,
contiguous target region within the forehead re-
gion;
extracting an intensity signal from the target re-
gion;
measuring pulse rate from the intensity signal;
and
displaying a number derived from the measured
pulse rate.

14. A video-based method of measuring a patient’s vital
sign, comprising:

receiving, from a video camera, a video signal
having a field of view exposed to a patient;
identifying, using a processor, a first seed point
on the patient;
flood filling, using the processor, a first contigu-
ous region from the first seed point to a bound-
ary;
determining a range of color or intensity values
within the contiguous region;
inputting the range to a skin tone filter;
applying the skin tone filter to the video signal
to identify a non-contiguous target region;
extracting, using the processor, a first intensity
signal from the non-contiguous target region;
measuring a vital sign from the first intensity sig-
nal; and
displaying a number derived from the measured
vital sign.

15. The method of claim 14, wherein the vital sign com-
prises pulse rate, and wherein measuring the vital
sign comprises identifying a frequency content of the
first intensity signal, and measuring the pulse rate
from the frequency content.
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