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A system and method for providing and managing a remote patient monitoring (RPM) system. The method is implemented by a
central server, an RPM client, and a networked monitoring device. The RPM client is a software program that is executed by a
computing device that is connected to the server via a network. The networked monitoring device is implemented as a locator or a
smart mobile cart. More specifically, the RPM system can provide a tele-monitor with the ability to remotely monitor multiple
patients, control remote cameras, and address abnormal patient situations. The RPM system can enhance tele-monitor
effectiveness by detecting patient motion and tracking tele-monitor alertness.
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(57) Abstract: A system and method for providing and managing a remote patient monitoring (RPM) system. The method is imple-
mented by a central server, an RPM client, and a networked monitoring device. The RPM client is a software program that is executed
by a computing device that is connected to the server via a network. The networked monitoring device is implemented as a locator or a
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SYSTEM AND METHOD FOR REMOTE PATIENT MONITORING

CROSS-REFERENCE

[0001] This application claims the benefit of United States Provisional Patent
Application No. 62/826,468, filed March 29, 2019, and the entire contents of United
States Provisional Patent Application No. 62/826,468 is hereby incorporated by

reference.
FIELD

[0002] Various embodiments are described herein that generally relate to a system
and method for remote patient monitoring.

BACKGROUND

[0003] The sickest of patients within healthcare settings are cared for in the

intensive care unit (ICU) with continuous monitoring and 1:1 nursing care. The 1:1
ratio allows the nurse and other healthcare providers to dedicate 100% of their
attention to the individual, instantly attend to their needs when required, and prevent
adverse events. Outside of the ICU setting, there are various patient populations that
are medically stable, but still require some form of continuous monitoring. A growing
proportion of this population includes elderly patients who present with unique care
needs, placing additional strain on critical healthcare resources. In 2017, 16.9% of
Canada’s population was 65 years or older and it is estimated to rise to 23% by 2030
(1,2). The reported co-morbidities and risks associated with hospitalization and/or
surgery are different today than in previous decades due to our aging population.
There has been a rise in postoperative delirium and confusion, as well as an increase
in fall rates. Advances in surgical technology have provided patients with dementia the

opportunity to undergo surgery where previously this may have not been possible.

[0004] An aging patient population is not unique to Canada and the impact is
expected to have a major global effect on economic, social, and healthcare systems
over the next 25-30 years (1). To address new challenges faced with treating older
patients, most Western societies have implemented the bedside constant observer or
sitter role. Sitters are usually non-nursing staff, i.e. typically nursing students, personal
support workers, or security personnel, that provide around-the-clock, direct, 1:1
bedside observation of patients that are confused, delirious, and at risk for falls or
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other adverse events, with the intention to intervene and prevent patients from injuring
themselves. While results have been favorable from a patient safety perspective,
concerns remain regarding: (a) long-term sitter fatigue; and (b) growing sitter
associated costs, forcing many healthcare organizations to question the sustainability
of bedside 1:1 patient observation programs.

[0005] Given the current national and international demographic trends, there is
expected a continuous increase in associated costs under the current bedside sitter

scenario, and a greater need for an effective alternative constant monitoring solution.

SUMMARY OF VARIOUS EMBODIMENTS

[0006] Various embodiments of a system and method for remote patient monitoring

are provided according to the teachings herein.

[0007] According to one aspect of the invention, there is disclosed a computer-
implemented method of managing a remote patient monitoring (RPM) system, wherein
the method is implemented by a central server, an RPM client, and a networked
monitoring device, and comprises: initializing the RPM system for remote monitoring
of at least one patient location using a network and a networked monitoring device;
receiving video data and physiological data over the network for the at least one patient
location from the networked monitoring device; transmitting 2-way audio data over the
network for the at least one patient location; displaying at least one viewport at the
RPM client, the at least one viewport showing the video data and the physiological
data for the at least one patient location; automatically detecting a patient situation
requiring attention in the at least one patient location and indicating the patient
situation on the RPM client; and receiving input at the RPM client of a response to the
patient situation.

[0008] In at least one embodiment, initializing the RPM system further comprises:
receiving a request from the RPM client to set up a user interface and display the user
interface; providing camera data to the RPM client; updating the available/monitoring
camera list with available and monitoring cameras; receiving a request from the RPM
client to set up a viewport to monitor a specific camera from the available/monitoring
camera list; connecting the RPM client to the specific camera using real-time
streaming protocol (RTSP); receiving video frames from the specific camera and
showing the video frames in the viewport; performing an adjustment of the specific
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camera according to a request from the RPM client where the adjustment includes
adjusting one of a pan, tilt, and/or zoom setting for the specific camera; and sending
audio input to a patient speaker associated with the specific camera where the audio
input is received at the RPM client.

[0009] In at least one embodiment, the detected patient situation is that a patient
is engaging in self harm and the method further comprises: signaling to the RPM client
to instruct a tele-monitor to attempt to redirect the patient verbally; determining
whether the redirection was successful; and when the redirection is not successful:
signaling to the RPM client to instruct the tele-monitor to contact an assigned nurse to
attend to the patient; and when the assigned nurse does not receive the contact,
signaling to the RPM client to instruct the tele-monitor to contact a nursing station to
attend to the patient; and determining that the patient situation has been responded to
by receiving an indication that the assigned nurse or the nursing station has attended
to the patient.

[0010] In at least one embodiment, the detected patient situation is that an SpO-2
level for a patient has dropped below an SpOz2 threshold level and the method further
comprises: signaling to the RPM client to instruct the tele-monitor to contact an
assigned nurse to attend to the patient; when the assigned nurse does not receive the
contact, signaling to the RPM client to instruct the tele-monitor to contact a nursing
station to attend to the patient; and determining that the patient situation has been
responded to by receiving an indication that the assigned nurse or the nursing station

has attended to the patient.

[0011] In at least one embodiment, the method further comprises: receiving video
frames from a given camera; defining a reference background image including the
patient from the video frames and defining a current image with the patient, the
reference background image comprising background image pixels and the current
image comprising current image pixels; creating a background model using the
background image pixels using a mixture of Gaussian distributions, the background
model having a background model distribution; classifying the current image pixels in
the current image as background pixels or foreground pixels by calculating how close
the current image pixels are from the background model distribution via Mahalanobis
distance; collecting the current image pixels classified as foreground to generate a
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foreground image; applying a median blur filter to the foreground image to obtain a
first filtered foreground image; applying a threshold filter to the first filtered foreground
image to obtain a second filtered foreground binary image; applying an erosion filter
to the second filtered foreground binary image to obtain a third filtered foreground
binary image; applying a dilation filter to the third filtered foreground binary image to
obtain a fourth filtered foreground binary image, the fourth filtered foreground binary
image comprising O-regions and 1-regions; finding borders of the 1-regions in the
fourth filtered foreground binary image to generate contours; finding the contours that
have areas larger than a predefined sensitivity value thereby defining found contours;
overlaying the found contours onto the current image to obtain an overlaid current

image; and displaying the overlaid current image at the RPM client.

[0012] In atleast one embodiment, the method further comprises: receiving a video
frame from a given camera; selecting a trained machine learning model for
determining probabilities for pixels being associated with different classes in the video
frame; calculating pixel class probabilities from the video frame using the trained
machine learning model; assigning a pixel class label to each pixel using a highest
class probability determined for each pixel; extracting class regions based on
connected pixels that have the same pixel class label; calculating a bounding box
around the connected regions; finding motion contours that have areas larger than a
predefined sensitivity value thereby defining found motion contours; masking the found
motion contours for bounding boxes for bed and person classes thereby defining a
masked motion contour; overlaying the masked motion contour for a person on the
video frame to obtain an overlay image; and displaying the overlay image at the RPM

client.

[0013] In at least one embodiment, the trained machine learning model is an
artificial neural network that is trained by supervised learning over datasets obtained
from video data stored at the RPM system.

[0014] In at least one embodiment, the incident comprises a patient falling out of
bed and the method comprises use machine learning methods to predict when the

incident will take place based on the video data received at the RPM client.

[0015] In at least one embodiment, the incident comprises a low patient SpOz2 level
below an SpOz2 threshold, and the method comprises use machine learning methods
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to predict when the incident will take place based on the physiological data received
at the RPM client.

[0016] In at least one embodiment, the method further comprises: receiving gaze
data from the RPM client on a gaze direction of the tele-monitor determined using an
eye tracker, the gaze data including gaze direction vectors; performing screen
calibration of a screen of the RPM client; calculating a screen pixel location from the
gaze direction vectors; identifying when the gaze direction is outside of the viewport
based on the screen pixel location; and when the gaze direction is outside of the
viewport longer than a gaze alert timer threshold, providing an audio and or video alert
to the tele-monitor to prompt the tele-monitor to view the viewport.

[0017] In at least one embodiment, the method further comprises: translating
between first speech input received by the RPM client and second speech input
received from the at least one patient location using natural language processing,
speech recognition, and speech synthesis so that communication at the RPM client
and the least one patient location is in different languages spoken by individuals at

both the RPM client and the least one patient location.

[0018] In at least one embodiment, the at least one networked monitoring device
comprises at least one of a locator that is used to configure a subnet for the patient
locations at one physical location and a mobile patient monitoring cart that is used to
create its own subnet to connect to the network.

[0019] In at least one embodiment, the mobile patient monitoring cart comprises a
camera, a speaker, and at least one physiological measuring device incorporated into
one mobile unit and the method further comprises deploying the mobile patient
monitoring cart to a different patient location.

[0020] In at least one embodiment, the method further comprises: employing
multiple networked monitoring devices and multiple RPM clients to scale the remote
monitoring to cover patient locations in different locations within one building or in

different locations in different buildings including a patient home.

[0021] In at least one embodiment, the network comprises at least one of a wired

subnet and a wireless subnet that uses at least one of dynamic IP and static IP.
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[0022] In another aspect, there is disclosed a system for remote patient monitoring
(RPM), the system comprising: a server comprising a data store and at least one
processor coupled to the data store; an RPM client that is a software program that is
executed by a computing device that is connected to the server via a network; and a
networked monitoring device that is connected to the server and the computing device
having the RPM client via the network; wherein the server is configured to initialize the
RPM system for remote monitoring of at least one patient location using the network,
and wherein the RPM client is configured to receive video data and physiological data
over the network for the at least one patient location via the networked monitoring
device; transmit 2-way audio data over the network for the at least one patient location;
display at least one viewport at the RPM client, the at least one viewport showing the
video data and the physiological data for the at least one patient location; automatically
detect a patient situation requiring attention in the at least one patient location and
indicate the patient situation on the RPM client; and receive input from the RPM client
of a response to the patient situation.

[0023] In at least one embodiment, the server is configured to initialize the RPM
system by: receiving a request from the RPM client to set up a user interface and
display the user interface; providing camera data to the RPM client; updating the
available/monitoring camera list with available and monitoring cameras; receiving a
request from the RPM client to set up a viewport to monitor a specific camera from the
available/monitoring camera list; connecting the RPM client to the specific camera
using real-time streaming protocol (RTSP); receiving video frames from the specific
camera and showing the video frames in the viewport; performing an adjustment of
the specific camera according to a request from the RPM client where the adjustment
includes adjusting one of a pan, tilt, and/or zoom setting for the specific camera; and
sending audio input to a patient speaker associated with the specific camera where
the audio input is received at the RPM client.

[0024] In at least one embodiment, the detected patient situation is that a patient
is engaging in self harm and the computing device is configured to execute instructions
to: provide a signal at the RPM client to instruct a tele-monitor to attempt to redirect
the patient verbally; determine whether the redirection was successful; and when the
redirection is not successful: signal to the RPM client to instruct the tele-monitor to
contact an assigned nurse to attend to the patient; and when the assigned nurse does
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not receive the contact, signal to the RPM client to instruct the tele-monitor to contact
a nursing station to attend to the patient; and determine that the patient situation has
been responded to by receiving an indication that the assigned nurse or the nursing
station has attended to the patient.

[0025] In at least one embodiment, the detected patient situation is that an SpO-2
level for a patient has dropped below an SpO:2 threshold level and the computing
device is configured to execute instructions to: signal to the RPM client to instruct the
tele-monitor to contact an assigned nurse to attend to the patient; when the assigned
nurse does not receive the contact, signal to the RPM client to instruct the tele-monitor
to contact a nursing station to attend to the patient; and determine that the patient
situation has been responded to by receiving an indication that the assigned nurse or
the nursing station has attended to the patient.

[0026] In at least one embodiment, the computing device is configured to execute
instructions to: receive video frames from a given camera; define a reference
background image including the patient from the video frames and defining a current
image with the patient, the reference background image comprising background image
pixels and the current image comprising current image pixels; create a background
model using the background image pixels using a mixture of Gaussian distributions,
the background model having a background model distribution; classify the current
image pixels in the current image as background pixels or foreground pixels by
calculating how close the current image pixels are from the background model
distribution via Mahalanobis distance; collect the current image pixels classified as
foreground to generate a foreground image; apply a median blur filter to the foreground
image to obtain a first filtered foreground image; apply a threshold filter to the first
filtered foreground image to obtain a second filtered foreground binary image; apply
an erosion filter to the second filtered foreground binary image to obtain a third filtered
foreground binary image; apply a dilation filter to the third filtered foreground binary
image to obtain a fourth filtered foreground binary image, the fourth filtered foreground
binary image comprising 0-regions and 1-regions; find borders of the 1-regions in the
fourth filtered foreground binary image to generate contours; find the contours that
have areas larger than a predefined sensitivity value thereby defining found contours;
overlay the found contours onto the current image to obtain an overlaid current image;

and display the overlaid current image at the RPM client.
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[0027] In at least one embodiment, the computing device is configured to execute
instructions to: receive a video frame from a given camera; select a trained machine
learning model for determining probabilities for pixels being associated with different
classes in the video frame; calculate pixel class probabilities from the video frame
using the trained machine learning model; assign a pixel class label to each pixel using
a highest class probability determined for each pixel; extract class regions based on
connected pixels that have the same pixel class label; calculate a bounding box
around the connected regions; find motion contours that have areas larger than a
predefined sensitivity value thereby defining found motion contours; mask the found
motion contours for bounding boxes for bed and person classes thereby defining a
masked motion contour; overlay the masked motion contour for a person on the video

frame to obtain an overlay image; and display the overlay image at the RPM client.

[0028] In at least one embodiment, the trained machine learning model is an
artificial neural network that is trained by supervised learning over datasets obtained
from video data stored at the RPM system.

[0029] In at least one embodiment, the incident comprises a patient falling out of
bed and the computing device is configured to execute machine learning methods to
predict when the incident will take place based on the video data received at the RPM

client.

[0030] In at least one embodiment, the incident comprises a low patient SpOz2 level
below an SpOz2 threshold, and the computing device is configured to execute machine
learning methods to predict when the incident will take place based on the

physiological data received at the RPM client.

[0031] In at least one embodiment, the computing device is configured to execute
instructions to: receive gaze data from the RPM client on a gaze direction of the tele-
monitor determined using an eye tracker, the gaze data including gaze direction
vectors; perform screen calibration of a screen of the RPM client; calculate a screen
pixel location from the gaze direction vectors; identify when the gaze direction is
outside of the viewport based on the screen pixel location; and when the gaze direction
is outside of the viewport longer than a gaze alert timer threshold, provide an audio

and or video alert to the tele-monitor to prompt the tele-monitor to view the viewport.
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[0032] In at least one embodiment, the computing device is configured to execute
instructions to: translate between first speech input received by the RPM client and
second speech input received from the at least one patient location using natural
language processing, speech recognition, and speech synthesis so that
communication at the RPM client and the least one patient location is in different
languages spoken by individuals at both the RPM client and the least one patient

location.

[0033] In at least one embodiment, the at least one networked monitoring device
comprises at least one of a locator that is used to configure a subnet for the patient
locations at one physical location and a mobile patient monitoring cart that is used to

create its own subnet to connect to the network.

[0034] In at least one embodiment, the mobile patient monitoring cart comprises a
camera, a speaker, and at least one physiological measuring device incorporated into
one mobile unit and the mobile patient monitoring cart is deployed to a different patient

location.

[0035] In at least one embodiment, the system further comprises multiple
networked monitoring devices and multiple RPM clients to scale the remote monitoring
to cover patient locations in different locations within one building or in different
locations in different buildings including a patient home.

[0036] In at least one embodiment, the network comprises at least one of a wired

subnet and a wireless subnet that uses at least one of dynamic IP and static IP.

[0037] Other features and advantages of the present application will become
apparent from the following detailed description taken together with the accompanying
drawings. It should be understood, however, that the detailed description and the
specific examples, while indicating preferred embodiments of the application, are
given by way of illustration only, since various changes and modifications within the
spirit and scope of the application will become apparent to those skilled in the art from
this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] For a better understanding of the various embodiments described herein,

and to show more clearly how these various embodiments may be carried into effect,
reference will be made, by way of example, to the accompanying drawings which show
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at least one example embodiment, and which are now described. The drawings are
not intended to limit the scope of the teachings described herein.

[0039] FIG. 1A illustrates an example embodiment of a remote patient monitoring
system in accordance with the teachings herein showing camera discovery and server

end points.

[0040] FIG. 1B shows an example embodiment of a server that can be used with

the remote monitoring system of FIG. 1A.

[0041] FIG. 1C shows a flow chart of an example embodiment of a method of
managing the remote monitoring system of FIG. 1A.

[0042] FIG. 2 shows an example of a 2x2 layout of a client application in which a
user can select single view, 1x2, 2x2, and 2x3 views in the top bar, where patient faces

were covered by rectangles for their privacy.

[0043] FIG. 3 shows an example of a 2x3 layout of the client application, where
patient faces were covered by rectangles for their privacy.

[0044] FIG. 4 shows an example of a dialog window for linking a camera to a
viewport in the layout and in which a user can specify the associated camera, risk

factors, and patient information.

[0045] FIG. 5 shows an example of a camera settings window specifying encoding
type, resolution, and credentials.

[0046] FIG. 6 shows an example of a logging window for users to log problems
associated with camera and site.

[0047] FIG. 7 shows an example of motion highlight overlay on video in which
detected motion is highlighted with a red outline, where the patient’s face was whited

out for their privacy.

[0048] FIG. 8 is a chart of the pre-lung transplant (wait list) mortality rate for 2004
to 2019.

[0049] FIG. 9 shows a flow chart of an example embodiment of a method of
controlling a camera in the remote monitoring system of FIG. 1A.

[0050] FIG. 10 shows a flow chart of an example embodiment of a method of
managing cameras in the remote monitoring system of FIG. 1A.
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[0051] FIG. 11 shows a flow chart of an example embodiment of a method of
automating a self-harm response in the remote monitoring system of FIG. 1A.

[0052] FIG. 12 shows a flow chart of an example embodiment of a method of
automating an oxygen saturation abnormality response in the remote monitoring
system of FIG. 1A.

[0053] FIG. 13 shows a flow chart of an example embodiment of a method of

detecting and displaying patient motion in the remote monitoring system of FIG. 1A.

[0054] FIG. 14 shows a flow chart of an example embodiment in which machine
learning is applied in a method of detecting and displaying patient motion in the remote
monitoring system of FIG. 1A.

[0055] FIG. 15 shows a flow chart of an example embodiment of a method of gaze
alertness tracking in the remote monitoring system of FIG. 1A.

[0056] FIG. 16 shows a flow chart of an example embodiment of a method of
initializing and communicating with a mobile cart configuration in the remote

monitoring system of FIG. 1A.

[0057] FIG. 17 shows an example screen view on an RPM client that demonstrates

motion detection of an observer raising a hand.

[0058] FIG. 18 shows an example screen view on an RPM client that demonstrates
motion detection of an observer getting up.

[0059] FIG. 19 shows an example screen view on an RPM client that demonstrates
eye tracking.

[0060] FIG. 20 shows a chart of bedside constant observer hours for April 2018 to
March 2019 and the three-year period from April 2014 to March 2017.

[0061] FIG. 21 shows an example decision support tool for initiation, continuation,

and discontinuation of remote monitoring.

[0062] FIG. 22 shows an example list of consideration factors for appropriateness

of remote monitoring.

[0063] Further aspects and features of the example embodiments described herein
will appear from the following description taken together with the accompanying

drawings.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0064] Various embodiments in accordance with the teachings herein will be
described below to provide an example of at least one embodiment of the claimed
subject matter. No embodiment described herein limits any claimed subject matter.
The claimed subject matter is not limited to devices, systems, or methods having all
of the features of any one of the devices, systems, or methods described below or to
features common to multiple or all of the devices, systems, or methods described
herein. It is possible that there may be a device, system, or method described herein
that is not an embodiment of any claimed subject matter. Any subject matter that is
described herein that is not claimed in this document may be the subject matter of
another protective instrument, for example, a continuing patent application, and the
applicants, inventors, or owners do not intend to abandon, disclaim, or dedicate to the
public any such subject matter by its disclosure in this document.

[0065] It will be appreciated that for simplicity and clarity of illustration, where
considered appropriate, reference numerals may be repeated among the figures to
indicate corresponding or analogous elements. In addition, numerous specific details
are set forth in order to provide a thorough understanding of the embodiments
described herein. However, it will be understood by those of ordinary skill in the art
that the embodiments described herein may be practiced without these specific
details. In other instances, well-known methods, procedures, and components have
not been described in detail so as not to obscure the embodiments described herein.
Also, the description is not to be considered as limiting the scope of the embodiments
described herein.

[0066] It should also be noted that the terms “coupled” or “coupling” as used herein
can have several different meanings depending in the context in which these terms
are used. For example, the terms coupled or coupling can have a mechanical or
electrical connotation. For example, as used herein, the terms coupled or coupling can
indicate that two elements or devices can be directly connected to one another or
connected to one another through one or more intermediate elements or devices via
an electrical signal, electrical connection, wireless connection, or a mechanical

element depending on the particular context.
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[0067] It should also be noted that, as used herein, the wording “and/or” is intended
to represent an inclusive-or. That is, “X and/or Y” is intended to mean X or Y or both,
for example. As a further example, “X, Y, and/or Z” is intended to mean X or Y or Z or

any combination thereof.

[0068] It should be noted that terms of degree such as "substantially”, "about" and
"approximately" as used herein mean a reasonable amount of deviation of the
modified term such that the end result is not significantly changed. These terms of
degree may also be construed as including a deviation of the modified term, such as
by 1%, 2%, 5%, or 10%, for example, if this deviation does not negate the meaning of
the term it modifies.

[0069] Furthermore, the recitation of numerical ranges by endpoints herein
includes all numbers and fractions subsumed within that range (e.g. 1 to 5 includes 1,
1.5,2,2.75, 3, 3.90, 4, and 5). ltis also to be understood that all numbers and fractions
thereof are presumed to be modified by the term "about" which means a variation of
up to a certain amount of the number to which reference is being made if the end result

is not significantly changed, such as 1%, 2%, 5%, or 10%, for example.

[0070] It should also be noted that the use of the term “window” in conjunction with
describing the operation of any system or method described herein is meant to be
understood as describing a user interface for performing initialization, configuration, or

other user operations.

[0071] The example embodiments of the devices, systems, or methods described
in accordance with the teachings herein may be implemented as a combination of
hardware and software. For example, the embodiments described herein may be
implemented, at least in part, by using one or more computer programs, executing on
one or more programmable devices comprising at least one processing element and
at least one storage element (i.e., at least one volatile memory element and at least
one non-volatile memory element). The hardware may comprise input devices
including at least one of a touch screen, a keyboard, a mouse, buttons, keys, sliders,
and the like, as well as one or more of a display, a printer, and the like depending on
the implementation of the hardware.

[0072] It should also be noted that there may be some elements that are used to
implement at least part of the embodiments described herein that may be implemented
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via software that is written in a high-level procedural language such as object oriented
programming. The program code may be written in MATLAB, C, C#, C**, Java,
JavaScript, or any other suitable programming language and may comprise modules
or classes, as is known to those skilled in object oriented programming. Alternatively,
or in addition thereto, some of these elements implemented via software may be
written in assembly language, machine language or firmware as needed. In either

case, the language may be a compiled or interpreted language.

[0073] At least some of these software programs may be stored on a computer
readable medium such as, but not limited to, a ROM, a magnetic disk, an optical disc,
a USB key, and the like that is readable by a device having a processor, an operating
system, and the associated hardware and software that is necessary to implement the
functionality of at least one of the embodiments described herein. The software
program code, when read by the device, configures the device to operate in a new,
specific, and predefined manner (e.g., as a specific purpose computer) in order to
perform at least one of the methods described herein.

[0074] At least some of the programs associated with the devices, systems, and
methods of the embodiments described herein may be capable of being distributed in
a computer program product comprising a computer readable medium that bears
computer usable instructions, such as program code, for one or more processing units.
The medium may be provided in various forms, including non-transitory forms such
as, but not limited to, one or more diskettes, compact disks, tapes, chips, cloud
storage, and magnetic and electronic storage. In alternative embodiments, the
medium may be transitory in nature such as, but not limited to, wire-line transmissions,
satellite transmissions, internet transmissions (e.g. downloads), media, digital and
analog signals, and the like. The computer useable instructions may also be in various

formats, including compiled and non-compiled code.

[0075] In accordance with the teachings herein, there are provided various
embodiments for systems and methods for implementing improved Remote Patient
Monitoring (RPM). A remote patient monitoring system addresses the need for an
effective alternative constant monitoring solution. For example, an RPM system may
be used to monitor high-risk patients 24/7 while reducing direct observation costs and
reducing patient mortality/morbidity. Accordingly, an RPM system presents an
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attractive alternative for healthcare organizations to ensure high-risk patients, such as
the elderly population, remain safe. This RPM technology includes a small wireless or
wired camera with speakers and a microphone mounted on wheels that can be
transported to the bedside. The patient is continuously monitored through a video
monitoring system and verbally redirected through the microphone and speakers by a
patient observation technician from a remote location in the hospital or other medical
or care facility. If the technician cannot verbally redirect the patient or the patient is
demonstrating unsafe behaviors, the technician may immediately alert the nurse on a
dedicated phone to attend to the patient. A specially trained technician can watch
multiple patients simultaneously, with one technician monitoring anywhere from 4-18

patients at one time as reported in pilot studies in the United States (4,5,6).

[0076] Reference is first made to FIG. 1A, showing an example embodiment of a
remote patient monitoring system 10 showing camera discovery and server end

points.

[0077] The system 10 includes a server 12 for controlling the operation of the
system 10. The server 12 has a processor 12a, a memory 12b, and a communication
interface 12c. The server 12 is coupled with a data store 13, which can store data
generated and/or received by the server 12. The data store 13 may also store one or
more databases with various hardware and/or patient specific information. The server
12 may generate data relating to site, floor, camera, and IP info. The server 12
communicates with a remote patient monitoring (RPM) client 20, which is a client
application that is used by a technician (e.g., user, observer, tele-monitor, or operator)
for remote observation and communication from a remote station to one of the patient
rooms that has a server end point that are organized as subnets. For example, the
server 12 communicates with subnets 14, 16, and 18. While three subnets 14, 16, and
18 are shown in FIG. 1A, this is for illustration purposes only as there may be more or
fewer subnets as needed or desired. For the sake of readability, reference will be made
to subnet 14 only, although such reference should be interpreted as meaning any one
or more subnets 14, 16 and 18. The RPM client 20 may be operated on a desktop
computer or another suitable computing device such as a laptop, a tablet or a smart
phone.
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[0078] The server 12 is implemented as a server for camera discovery across
different subnets 14, 16 and 18 on a network. The subnet 14 may be implemented as
Virtual Local Area Networks (VLANs). The subnet 14 comprises a networked
monitoring device 14a (shown in FIG. 1A as “Locator 14a”) and cameras 14b, 14c,
and 14d. Three cameras 14b, 14c, and 14d are shown in FIG. 1A for illustration
purposes only; there may be more or fewer cameras as needed or desired. For the
sake of readability, reference will be made to camera 14b only, although such
reference should be interpreted as meaning any one or more cameras. The subnet 14
communicates with the server 12 through the networked monitoring device 14a.

[0079] The network may be a simple network (e.g., a single network with one type
of IP), may be a complex network (e.g., both wired/wireless networks, different
subnets, multiple VLANs, multiple sites, different visibility, dynamic IP, and static IP),
or in between. For example, the network may be all wired, all wireless, or both wired
and wireless. The network may include wired subnets 14, wireless subnets 14, or both
wired and wireless subnets 14. Similarly, each subnet 14 may be all wired, all wireless,
or both wired and wireless. Also, for example, a portion or all of the network may use
dynamic IP, static IP, or both. Similarly, each subnet 14 may use dynamic IP, static IP,
or both.

[0080] In at least one embodiment, the server 12 automates texting and calling
(e.g., to a nursing station) via a service that is accessible by or pushed to the RPM
client 20. Alternatively, or in addition, this automation can be integrated into the RPM
client 20. This automation can advantageously render communication faster than an

observer having to manually call via a hospital phone.

[0081] The networked monitoring device 14a may be implemented as a locator, or
as a patient monitoring device, such as a mobile remote patient monitoring cart (also

referred to herein as a “mobile cart”), or both.

[0082] In at least one embodiment, the networked monitoring device 14a acts as a
locator. As a locator, the networked monitoring device 14a is an embedded device or
computer that sends a User Datagram Protocol (UDP) broadcast across the same
subnet 14. A camera 14b on the subnet 14 responds with its name, IP, port, MAC
address, and video encoding format. The networked monitoring device 14a
communicates with the camera 14b (e.g., an IP camera) through the UDP broadcast
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and updates the list of discovered cameras 14b to the server 12 at a periodic interval.
The camera 14b may be a mobile camera unit having a pan-tilt-zoom (PTZ) camera
with Ethernet/WiFi connectivity, two-way audio, a built-in microphone, and stereo
speakers. The camera 14b may be, for example, a webcam, a built-in webcam, or an
integrated camera.

[0083] In at least one embodiment, the networked monitoring device 14a acts as a
mobile cart. As a mobile cart, the networked monitoring device 14a creates its own
subnet 14 and acts as a gateway for network traffic between the mobile cart (which
may include a camera 14b and other peripheral devices) and the server 12. The
networked monitoring device 14a may be discoverable by the server 12 and networked
together to enable RPM for a given site. The networked monitoring device 14a may
have an embedded computing device (e.g., mini-computer, wireless router, network
bridge) on the mobile cart which allows it to be discoverable to the system 10 outside
of its subnet 14. The networked monitoring device 14a may also enable other
measuring devices to be connected to the mobile cart to send patient physiological

data to the server 12.

[0084] In at least one embodiment, the networked monitoring device 14a uses a
one-to-one configuration with a camera 14b and at least one physiological
measurement device. Accordingly, the networked monitoring device 14a may act as a
locator that is paired with a single camera 14b and deployed on a mobile cart. The
networked monitoring device 14a enables pass-through of network traffic to the
camera 14b and broadcasting of its network information. Advantageously, the one-to-
one configuration is more agnostic to constraints of the network infrastructure. For
example, a single physical site or patient floor may be partitioned into multiple subnets
due to incremental changes over the years or legacy integration reasons. A nursing
station area may only be part of one subnet where some patient rooms may belong to
others. In this topology, a single locator with discovery protocol via UDP broadcast
would not be able to identify cameras in all patient rooms. The one-to-one
configuration, in contrast, advantageously enables a single networked monitoring
device 14a acting as a mobile cart to send its own network information to the server
12. The RPM client 20 can then connect to the cameras 14b the same way as the
networked monitoring device 14a would pass-through network traffic to and from the
cameras 14b. Advantageously, the one-to-one configuration can ensure that the RPM
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client 20 is able to connect to the camera 14b regardless of what the network

infrastructure may be.

[0085] In at least one embodiment, the networked monitoring device 14a uses a
one-to-many configuration. Accordingly, the networked monitoring device 14a may act
as a single locator that is used to discover many cameras 14b and associated
physiological measurement devices on the same subnet 14 via UDP broadcast. This
advantageously can provide better resource management at, for example, smaller
clinics or enterprises where sites are partitioned by subnets that mirrors physical
partitioning.

[0086] In at least one embodiment, the system 10 may also include cloud voice
calling capabilities (e.g., for nurses when handling escalations). In such cases, the
communication interface 12c is connected to a cloud system via the Internet (both not

shown).

[0087] In at least one embodiment, the RPM client 20 may also include gaze and
head tracking hardware and/or software to determine observer (e.g., tele-monitor)

attention.

[0088] In at least one embodiment, the networked monitoring device 14a is a small
embedded Linux system deployed across hospitals according to subnet 14 division.
The networked monitoring device 14a runs the camera discovery protocol periodically
(e.g., every 30 seconds) by broadcasting a request message across the subnet 14.
The cameras 14b listen for the request message and reply with an acknowledgement
message that includes the camera name, the camera IP address, port, device MAC
address, and the video encoding format that is used by the camera. The networked
monitoring device 14a then sends the list of discovered cameras to the server 12,
which aggregates and groups cameras 14b by the subnets 14 (or networked
monitoring devices 14a). These lists are displayed and contextualized to the RPM
client 20 according to buildings, floors, and patient units. Alternatively, an Ethernet
bridge or camera with scripting capabilities can broadcast its IP and meta info (e.g.,
name, video encoding) to the server 12 once connected to the network.

[0089] In at least one embodiment, the server 12 provides a representational state
transfer (REST) application program interface (API) with endpoints for networked
monitoring devices 14a to create/update discovery information and a client application
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on the RPM client 20 to get camera lists. The server 12 also enables continuous real-
time communication to the client application via WebSockets to push message
notifications pending on status such as dispatch calls to nursing when handling
observed incidents that require escalation. Nurses may receive these messages on a
cell phone or a wireless hospital phone with a hospital extension number. The REST
APl endpoint can also interface with cloud voice call services for automating dispatch
calls and responses. The REST API endpoints include requests for at least one of
locators, logs, cameras, SpO2 (peripheral oxygen saturation) devices, voice call

notification, as well as login and authentication.

[0090] In at least one embodiment, the locator endpoints allow updates and
retrieval of camera lists based on discovery across subnets. The locator endpoints

include one or more of the following software modules:

GET locator modules which retrieve a complete list of locators from a database

(with the option to retrieve only active locators);

e POST locator modules which create a new locator associated with a location,
including name, building, floor, IP address, and current list of cameras;

e GET locator modules specifying site, floor, unit which retrieve a specific locator

according to a queried site; and

e PUT locator modules specifying site, floor, unit which update a specific locator

according to a queried site.

[0091] In at least one embodiment, the log endpoints allow error reporting and
retrieval by floor, room, and camera. The log endpoints include one or more software

modules including:

e GET log modules which retrieve a complete list of logs from a database as well

as filtering by query parameters; and

e POST log modules which create a new log associated with camera, floor, room,

description of problem, and time of incident.

[0092] In at least one embodiment, the camera endpoints include one or more

software modules including:
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e GET camera modules which retrieve a complete list of cameras in a database
as well as according to query by name;

e POST camera modules which create a new camera, including name, resolution,

vendor, model, note, and associated oximeter;
e PUT camera modules which update a camera according to name; and

e DELETE camera modules which delete a camera from a database according

to name.

[0093] In at least one embodiment, the SpO2 endpoints include one or more

software modules including:

e GET SpO2 modules which retrieve a list of oximeters from a database as well

as according to name;

e POST SpO2 modules which create a new oximeter device, including name and
IP address; and

e PUT SpO2 modules which update an existing oximeter, queried by name.

[0094] In at least one embodiment, the touch-to-call notification endpoints include

one or more software modules including:

e GET notification modules which parse request parameters (name, digit, from,
to, message) and encode it as a message to send to a desktop client via a
WebSocket.

[0095] In at least one embodiment, the authentication endpoints include one or

more software modules including:

o POST register user modules which register user using supplied username and

password;
e POST login user modules which authenticate user based on credentials; and

e POST login locator modules which authenticate locator based on credentials.

[0096] Referring now to FIG. 1B, shown therein is a block diagram of an example
embodiment of the server 12. The system server 12 may run on a single computer,
including a processor unit 104, a display 106, a user interface 108, an interface unit
110, input/output (I/O) hardware 112, a network unit 114, a power unit 116, and a
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memory unit (also referred to as “data store”) 118. In other embodiments, the server
12 may have more or less components but generally function in a similar manner. For

example, the server 12 may be implemented using more than one computing device.

[0097] The processor unit 104 may include a standard processor, such as the Intel
Xeon processor, for example. Alternatively, there may be a plurality of processors that
are used by the processor unit 104 and these processors may function in parallel and
perform certain functions. The display 106 may be, but not limited to, a computer
monitor or an LCD display such as that for a tablet device. The user interface 108 may
be an Application Programming Interface (API) or a web-based application that is
accessible via the network unit 114. The network unit 114 may be a standard network

adapter such as an Ethernet or 802.11x adapter.

[0098] The processor unit 104 may execute a predictive engine 132 that functions
to provide predictions by using machine learning models 126 stored in the memory
unit 118. The predictive engine 132 may build a predictive algorithm through machine
learning. The training data may include, for example, recorded video and audio data,
as well as physiological data including at least SpO2 data and/or motion data. The
predictive algorithm uses these data to predict whether a patient can be expected to
behave erratically or whether a clinical event may occur. For example, the predictive
engine 132 then executes the predictive algorithm when monitoring patients.

[0099] The processor unit 104 can also execute a graphical user interface (GUI)
engine 133 that is used to generate various GUls, some examples of which are shown
(e.g., windows and dialog boxes shown in FIGS. 2 to 7) and described herein. The
GUI engine 133 provides data according to a certain layout for each user interface and
also receives data input or control inputs from a user. The GUI then uses the inputs
from the user to change the data that is shown on the current user interface, or
changes the operation of the system 10 which may include showing a different user

interface.

[00100] The memory unit 118 may store the program instructions for an operating
system 120, program code 122 for other applications, an input module 124, a plurality
of machine learning models 126, output module 128, and databases 130. The machine
learning models 126 may include, but are not limited to, image recognition and
categorization algorithms based on deep learning models and other approaches.
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[00101] In at least one embodiment, the machine learning models 126 include a
combination of convolutional and recurrent neural networks. Convolutional neural
networks (CNNs) are designed to recognize images, patterns. CNNs perform
convolution operations, which, for example, can be used to classify regions of an
image, and see the edges of an object recognized in the image regions. Recurrent
neural networks (RNNs) can be used to recognize sequences, such as text, speech,
and temporal evolution, and therefore RNNs can be applied to a sequence of data to
predict what will occur next. Accordingly, a CNN may be used to read what is
happening on a given image at a given time (e.g., the edge of the bed has been
crossed by a person), while an RNN can be used to provide a warning message such
as “based on what has been learned from other images, it is predicted that the patient
may be moving towards the edge of the bed” or “based on what has been learned from
physiological data, the vitals suggest that a clinical event may be coming soon”.

[00102] The programs 122 comprise program code that, when executed, configures
the processor unit 104 to operate in a particular manner to implement various functions

and tools for the system 10.

[00103] Referring now to FIG. 1C, shown therein is a flow chart of an example
embodiment of a method 50 of managing the RPM system of FIG. 1A.

[00104] At act52, the server 12 initializes the system 10. The RPM client 20 may be
initialized at this time too. Alternatively, or in addition thereto, the RPM client 20 may
be on and waiting to receive data from the server 12.

[00105] At act 54, the RPM client 20 obtains video data (and possibly audio data)
and physiological data directly from the cameras 14b and physiological sensors or
physiological monitoring devices. Alternatively, or in addition, the RPM client 20 may
obtain the physiological data from a gateway connected to other physiological
measuring devices or through a hospital HL7 server. The video is generated by the
cameras 14b. The physiological data include information on a patient’s vitals such as,
but not limited to, heart rate, blood pressure, SpOz2, and temperature, for example. The
physiological data may be obtained by using various measuring devices, instruments,

sensors, monitors, or meters.

[00106] At act 56, the RPM client 20 detects a patient situation requiring attention
based at least in part on the video data received from the cameras 14b. Alternatively,
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or in addition thereto, the detection of the patient situation requiring attention may be
based on the physiological data. The patient situations requiring attention include, but
are not limited to: the patient engaging in self-harm; the patient's SpOz2 level dropping
below a threshold (e.g., a preset threshold, or a threshold set by the RPM client 20, or
determined by machine learning); and one of sudden movement, excessive

movement, or no movement for a certain duration of time by the patient.

[00107] At act 58, the RPM client 20 receives response data in response to the
detected situation. The response data may include input by a user (e.g., a tele-monitor)
of the RPM client 20 or data indicating that the user of the RPM client 20 has initiated
a response to the detected situation. The user may respond to the situation, for
example, by calling an assigned nurse by phone or sending an electronic message to
the assigned nurse, and such a call or message may signal to the server 12 that a
response has been initiated. The call or text may be input at the RPM client 20 and

sent to the server 12 as an electronic communication message.

[00108] Atact60, an operator of the RPM client 20 (or a clinical team or tele-monitor)
determines whether to continue monitoring. The determination may be entered into
the RPM client 20 and sent to the server 12 as control data. The determination may
be based, for example, on: the user inputting to the RPM client 20 that the situation is
resolved or not; the nurse signaling to the system 10 that the situation has been
resolved or needs further attention; or the RPM client 20 receiving video data from the
camera 14b or physiological data from one or more sensors that the situation has been
resolved or not. If the user determines to continue monitoring, the method 50 returns

to act 54. If the user determines not to continue monitoring, the method 50 ends.

[00109] Referring now to FIGS. 2 and 3, show therein are examples of different
layouts of a client application in which a user can select a single view, 1x2, 2x2, and
2x3 views in the top bar. Other types of views may also be used in other embodiments.
The client application is provided as part of the RPM client 20.

[00110] FIG. 2 shows an example of a 2x2 layout 200 of the client application. In the
2x2 layout 200, a first viewport 202 of a room shown by a camera 14b is seen in one
window pane. A second viewport 204 of a room shown by another camera 14c is seen
in a second window pane. The other window panes 206 and 208 are black because
no other camera feeds are sent to the client application.
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[00111] FIG. 3 shows an example of a 2x3 layout 300 of the client application. in the
2x3 layout 300, a first viewport 302 of a room shown by a camera 14b is seen in one
window pane. A second viewport 304 of a room shown by another camera 14c is seen
in a second window pane. The other window panes 306, 308, 310, and 312 are black
because no other camera feeds are sent to the client application.

[00112] In at least one embodiment, the client application runs on the RPM client 20
and enables a remote observer (e.g., a user, also known as a tele-monitor, observer,
or operator) to connect to cameras 14b in patient rooms and stream audio/video from
the camera 14b and microphone to receive video data and audio data from the patient
room. The observer can choose from different layouts to observe multiple patients
simultaneously. Overlays of at least one of patient name, site, floor, room, and
dispatch call information may be overlaid over the displayed video.

[00113] The client application connects to the server 12 via REST API endpoints to
retrieve a list of cameras 14b with identifying data, technical data, and location data.
The technical data may include, for example, a name, an IP address, a port, a MAC
address, a video encoding format, and video resolution. The port may be an Ethernet
port, or a number associated with communicating with the IP; for example, many HTTP
servers serve web pages on port 80. The location data may include, for example, a
site, floor, or unit. The observer may associate a camera 14b, the patient being
observed, and the nurse along with their dispatch phone information for handling
escalations by entering data into certain fields in the client application, which is sent
to the server 12. The association can be edited and updated based on a change of at
least one of patient and/or nurse. Some or all of the data described above may be
sorted for future auditing.

[00114] The observer may interact with the camera 14b through a main user
interface and viewports of the client application. The observer can view, enter, and
update data such as, but not limited to, at least one of:

e (Camera data: one or more of vendor, model, resolution, and notes;

e Camera reports: error logging in the context of one or more of a camera, site,

floor, and unit;
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e (Camera settings: for associating a camera with one or more of a site, floor, unit,
patient, and dispatch nurse (stored locally at the server 12 for fast reboot
purposes except for patient name which is stored in volatile memory);

e Physiological data: patient’s vitals such as, but not limited to, at least one of

heart rate, blood pressure, SpOz, and temperature, etc.;

e Application settings: one or more of login credentials, server URL, network
adapter selection, motion detection sensitivity, and default camera login; and

e General reports: which is an application related error logging.

[00115] The layouts for the viewports include, for example, 1x1, 1x2, 2x2, and 2x3.
Clicking on a viewport sets the active viewport and camera 14b. The border of the
active viewport is highlighted to indicate that it has been selected to be active. The
observer can then engage in camera controls and voice communication with the
associated camera 14b. Appropriate icons that indicate specific actions (such as push-
to-talk active and sound) may be overlaid on top of the video. The RPM client 20 may
also include settings and dialog windows as shown in FIGS. 4 to 6.

[00116] Referring now to FIG. 4, shown therein is an example of a dialog window
400 for linking a camera to a viewport in the layout and in which a user can specify the
associated camera, its floor and room number (along with a phone number for the
room, if applicable), dispatch phone information, risk factors, and patient information
such as, but not limited to, their patient name and patient age. Data obtained from or
derived by the dialog window 400 may be stored for future auditing.

[00117] Referring now to FIG. 5, shown therein is an example of a camera settings
window 500 specifying the associated camera, its IP address, port connection, camera
type or encoding type, resolution, and login credentials (e.g., user name and
password) for being able to access the video data provided by the associated camera.
The camera settings window 500 may be provided on the RPM client 20.

[00118] Referring now to FIG. 6, shown therein is an example of a logging window
600 for users to log problems associated with a given camera and site. The logging
window 600 has fields for the camera identifier, its floor and room numbers, and a
description for the report. The logging window 600 may be provided on the RPM client
20.
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[00119] In at least one embodiment, video from the cameras 14b is streamed to the
client application via real-time streaming protocol (RTSP). Each viewport of the layout
in the client application is able to display one video stream. Camera controls for pan,
tilt, and zoom are mapped to keyboard short-cuts.

[00120] The resolution of the camera 14b may be checked at time of connection,
and an appropriate data buffer is allocated accordingly to store and display the
streamed video frames from the camera 14b. Resolution changes on the camera 14b
are checked and matched during receiving of video frames. A mismatch initiates a

reconnection and re-allocation of the data buffer to match incoming video.

[00121] In at least one embodiment, digital zoom functionalities may be provided at
a scale of 1x — 5x at 0.5x steps using nearest neighbor or bilinear interpolation. Each

zoom factor may have the same aspect ratio.

[00122] Referring now to FIG. 7, shown therein is an example of motion highlight
overlay 700 on a video stream in which detected motion is highlighted with an outline
in a given color, such as red. In at least one embodiment, different colors or different
thicknesses of the outline may be used to indicate different types of movements such
as a risky movement (i.e. the patient is getting closer to the edge of the bed and may
fall out of the bed or the patient is having seizures). In at least one of these
embodiments, identifying different types of movements is possible when the
characteristics of the movement are defined and the edges of the bed and/or person
are delineated. Further, identifying different types of movements may be possible
using edges or through bounding boxes from classifier output (e.g., with a machine
learning approach); bounding boxes overlapping (e.g., person + bed) may provide
certain indications of risky movement. In the left window pane 702, a video stream
from a camera 14b is received by the client application. In the right window pane 704,

there is no video being streamed.

[00123] In at least one embodiment, the video stream from the camera 14b is
processed using different motion detection techniques. Motion areas are identified by
determining the foreground/background pixels using a mixture of Gaussian models.
The foreground image captures the patient motion which is then used to creale a
contour. For example, the foreground image is then processed to remove noise using

median blur filtering, and a threshold is applied to generate a binary image that
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corresponds to areas where motion occurs. The outlines of the areas are extracted,
and the size of each area is checked against an area threshold to filter out small
regions which may be due to noise or small motion. The outlines are overlaid onto the
(non-processed) second video frame to highlight the motion areas. The area threshold
can be changed in the client application by users to set the sensitivity of motion
highlighting according to the context of the scene (e.g., depending on how important
it is to monitor small movements for a given patient). For example, some patients may
be more at risk of having seizures, and the sensitivity for motion highlighting may be
increased in such cases to detect small motions. In contrast, some patients are not at
risk of seizures but are at risk of falling out of bed, and the sensitivity for motion
highlighting can be reduced in such cases to ignore small motions and only detect
larger motions. This feature is used to help observers identify patient movements. The
motion detection feature can be turned on and off by the observer depending on the
patient that is being remotely viewed.

[00124] In at least one implementation of the motion detection techniques: both the
first video frame and second video frame include the patient; the motion detection
technique subtracts the first video frame from the second video frame to get the
difference image; the difference image captures the patient motion, which is then used
to create a contour; and when a third video frame is available, the second video frame
is subtracted from the third video frame to get a new difference image to create a new
contour. The motion detection technique may be further based on machine learning,
in which, for example, motion analysis is based on contour movement data, such as
the coordinates of the contours at different times or data derived from the coordinates
(e.g., vectors, gradients, or partial derivatives).

[00125] In atleast one embodiment, the server 12 and RPM client 20 may also have
artificial intelligence (Al) based motion detection capabilities which are provided by
models and predictive engines stored at the server 12. The aforementioned image-
based motion detection employs image analysis techniques for simple motion
detection and it may not differentiate if the motion is coming from the patient or what
is the patient’s intention for the motion. Al-based motion detection combines object
detection with motion analysis. Trained models for object detection may be used as
single-shot multi-box detectors to delineate object regions of interest (ROIs) in
incoming video frames. This allows the RPM client 20 to only analyze motion within a
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patient bounding box. Certain types of detected motion within the patient bounding
box may then trigger audio and visual alerts, improving true positives and reducing
false negatives. Alternatively, or in addition thereto, the RPM client 20 can run part or
all of the programming of the Al-based motion detection. The Al-based motion
detection may be implemented by the predictive engine 132 using one or more

machine learning models.

[00126] In at least one embodiment, the RPM client 20 also has gaze-tracking
capabilities. A front-facing camera is mounted at the workstation for the RPM client 20
to detect the movement of the head and eyes of the observer. The front-facing camera
provides observer video data which is a series of observer video frames. Faces may
be detected using a Haar cascade classifier algorithm on pre-trained data, and eyes
may be detected and tracked by application of circular Hough transform and
constrained local models (CLM). A calibration routine with known screen points
coupled with detected face and eye positions may be used to map the face and eye
orientation to screen coordinates. The detected face of the observer and the centroids
of the detected eye locations may be calculated from each observer video frame and
used to interpolate shifts with respect to screen coordinates. If the observer is not
engaged in another action through the client application and is focused on some object
that is off screen from the monitor of the RPM client 20, then an audio alert may be
played to notify the observer to move their eyes to watch the viewports shown on the
monitor of the RPM client 20.

[00127] Referring now to FIG. 9, shown therein is a flow chart of an example
embodiment of a method 900 of controlling a camera which may be used in at least
one embodiment of the remote patient monitoring system 10 of FIG. 1A.

[00128] At act 905, the RPM client 20 starts to set up a user interface and display

the user interface.

[00129] At act 910, the RPM client 20 gets an updated available camera list and
information on each camera 14b from the server 12. The information about the
cameras 14b may be obtained from the networked monitoring devices 14a.

[00130] At act 915, the RPM client 20 sets up a viewport to receive video from a
specific camera 14b to monitor a specific patient.
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[00131] At act 920, the RPM client 20 connects to the camera 14b using RTSP

protocol.

[00132] At act 925, the RPM client 20 determines whether the connection was
successful. If the connection is not successful, the method 900 returns to act 920
where connection is attempted again. If the connection is successful, then the method
900 proceeds to act 930.

[00133] At act 930, the RPM client 20 receives a video frame from the camera 14b
and displays it in the viewport.

[00134] At act 935, the RPM client 20 determines whether an observer is sending a
request to adjust the camera or the speaker setting. If a camera adjustment (e.g.,
adjust PTZ) is requested, the method 900 proceeds to act 940. If an audio adjustment
is requested, the method proceeds to act 945.

[00135] At act 940, the RPM client 20 provides pan, tilt, and/or zoom control
messages to the camera 14b according to the request from the observer. The method
900 then proceeds to act 950.

[00136] Alternatively, at act 945, the RPM client 20 receives microphone audio input
data from the observer and sends it to the patient speaker according to a request from
the observer. The method 900 then proceeds to act 950.

[00137] At act 950, the RPM client 20 checks whether the observer has submitted a
command to stop using a particular camera 14b (or a particular networked monitoring
device 14a on subnet 14) to monitor a given patient. If a stop monitoring command is
not received, the method 900 returns to act 930. If a stop monitoring command is

received, the method 900 ends.

[00138] In at least one embodiment, the RPM client 20 has two-way audio
capabilities. A headset with a built-in microphone and audio output is worn by the
observer to communicate to the patient or in-room staff through the client application.
Audio from the patient room is collected from the cameras 14b and is streamed via
RTSP to the client application (directly or through the server 12) along with video data.
Audio data from the patient room is provided to an audio system on the RPM client 20
for output to the observer. Only audio from a currently active camera 14b is provided

to the audio system. Audio to the camera 14b makes use of the camera’s audio back
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channel. Audio data begins to be collected from the input device (e.g., microphone on
headset) upon the observer pressing a mapped keyboard short-cut or other input
element. Upon release of the dedicated short-cut, audio data collection halts. Audio
data is sampled (e.g., at a 16-bit and 8 kHz sampling rate) and encoded with, for
example, an audio pulse-code modulation (PCM) codec.

[00139] In at least one embodiment, the RPM client 20 has touch-to-call capabilities.
The observer can associate a camera 14b with a patient, a nurse, and the nurse
dispatch phone in the client application. In case of an event that requires immediate
action from the nurse, the observer can make a dispatch call with the “Touch to Call”
icon on the client application to send a call to the nurse. In such cases, a request is
sent from the client application to a cloud phone service provider via its REST API.
The cloud phone service provider starts a call to the nurse’s cell phone / hospital phone
and waits for a response from the nurse. It then notifies server 12 that the nurse
responds to the call via the touch-to-call notification REST API. The server 12 then
notifies the client application if the nurse has responded using the WebSocket

protocol.

[00140] In at least one embodiment, the server 12 has two-way audio real-time
translation capabilities. Built on advanced machine learning based speech recognition,
speech synthesis, and natural language processing (NLP), the two-way audio
translation allows the observers and patients being monitored to communicate in their
native languages. The audio from one party is first transcribed to text, the text is then
translated into the other party’s preferred language, and then the translated text is then
converted to speech. This allows patients who are not English speakers to
communicate with the observer easily without the help of a translator.

[00141] Referring now to FIG. 10, shown therein is a flow chart of an example
embodiment of a method of managing available/monitoring cameras 1000 which may
be used in at least one embodiment of the remote patient monitoring system 10 of
FIG. 1A.

[00142] At act 1010, a networked monitoring device 14a checks the network status.
In particular, the networked monitoring device 14a may check whether the connectivity
is good or meets a particular threshold (e.g., below a preset error rate). Alternatively,
or in addition, the networked monitoring device 14a may check for any IP address
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changes. The networked monitoring device 14a is a device that is deployed to a
particular subnet 14. For example, the networked monitoring device 14a may be
plugged into an available jack at a nursing station. In different embodiments, the
networked monitoring device 14a may cover a portion of a floor, an entire floor,

portions of multiple floors, and/or multiple entire floors.

[00143] At act 1020, the networked monitoring device 14a determines whether its
own IP has changed. If there is an IP change, the method 1000 proceeds to act 1030.
If there is not an IP change, the method 1000 proceeds to act 1040.

[00144] At act 1030, the networked monitoring device 14a updates the assigned IP
address.

[00145] At act 1040, the networked monitoring device 14a queries the available
cameras 14b that are connected on the same subnet 14.

[00146] At act 1050, the networked monitoring device 14a updates the camera list
to include only the cameras 14b that are available for sending video data to the client
application.

[00147] At act 1060, the networked monitoring device 14a broadcasts the camera
list to the server 12. The method 1000 may then return to act 1010 after a preset time

(e.g., 20 seconds).

[00148] Referring now to FIG. 11, shown therein is a flow chart of an example
embodiment of a method 1100 of automating a self-harm response which may be used
in at least one embodiment of the remote patient monitoring system 10 of FIG. 1A.

[00149] At act 1105, the RPM client 20 starts to set up tele-monitoring for a specific
patient.

[00150] At act 1110, an observer (e.g., a tele-monitor) determines whether the
patient needs continued remote monitoring. The determination may be input (e.g., by
keyboard, audio command, gesture received by webcam) into the RPM client 20, and
the RPM client 20 may send the input to the server 12. Alternatively, or in addition, the
RPM client 20 may make the determination for the observer based on, for example,
input from the camera 14b. If the patient does not need remote monitoring (conditions
deteriorated or conditions improved), the remote monitoring stops; if the patient still

needs remote monitoring, the remote monitoring continues.
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[00151] At act 1120, the RPM client 20 continues to provide video and/or audio to
an observer to be able to monitor the patient.

[00152] At act 1125, the observer determines whether the patient is engaging in self
harm. The determination may be input (e.g., by keyboard, audio command, gesture
received by webcam) into the RPM client 20, and the RPM client 20 may send the
input to the server 12. Alternatively, or in addition, the RPM client 20 may make the
determination for the observer based on, for example, input from the camera 14b. If
this condition is not true (i.e., the patient is not engaging in self harm), then the method
1100 returns to act 1110. If this condition is true (i.e., the patient is engaging in self
harm), then the method 1100 proceeds to act 1130.

[00153] At act 1130, the observer attempts to redirect the patient verbally. During
act 1130, the RPM client 20 can receive a control input from the client application to
send audio data to the patient room. The observer can then speak into a microphone
to provide the audio data. The RPM client 20 receives the audio data, and sends the
audio data to the patient room for broadcast to the patient through a speaker in the

patient’s room.

[00154] At act 1135, the observer determines whether the redirection was
successful. The determination may be input (e.g., by keyboard, audio command,
gesture received by webcam) into the RPM client 20, and the RPM client 20 may send
the input to the server 12. Alternatively, or in addition, the RPM client 20 may make
the determination for the observer based on, for example, input from the camera 14b.
If the redirection is successful, the method 1100 then returns to act 1110. If the
redirection is not successful, the method 1100 proceeds to act 1140.

[00155] Atact 1140, the observer calls an assigned nurse. During act 1140, the RPM
client 20 may receive a control input from the observer to contact the assigned nurse,
and the RPM client 20 may send an electronic message or attempt to initiate a voice

call with the nurse’s phone using the touch-to-call feature.

[00156] At act 1145, the observer determines whether the assigned nurse answers
the phone. The determination may be input (e.g., by keyboard, audio command,
gesture received by webcam) into the RPM client 20, and the RPM client 20 may send
the input to the server 12. Alternatively, or in addition, the server 12 may make the
determination for the observer based on, for example, network data representing
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connection with the nurse’s phone. If the nurse’s phone is answered, the method 1100
proceeds to act 1150. If the nurse’s phone is not answered, the method 1000 proceeds
to act 1155.

[00157] At act 1150, the assigned nurse attends to the patient and addresses the
patient’s needs. The nurse’s actions may be input (e.g., by keyboard, audio command,
gesture received by webcam) into the RPM client 20, and the RPM client 20 may send
the input to the server 12. Alternatively, or in addition, the RPM client 20 may signal to
the server 12 the nurse’s actions based on, for example, input from the camera 14b.
The method 1100 then returns to act 1110.

[00158] Alternatively, at act 1155, the observer calls a nursing station and alerts the
nursing staff to attend to the patient immediately. During act 1155, the RPM client 20
may receive a control input from the client application to send an electronic message

or initiate a voice call with the nursing station.

[00159] At act 1160, the observer determines whether the nursing staff is attending
to the patient. The determination may be input (e.g., by keyboard, audio command,
gesture received by webcam) into the RPM client 20, and the RPM client 20 may send
the input to the server 12. Alternatively, or in addition, the RPM client 20 may make
the determination for the observer based on, for example, input from the camera 14b.
If this condition is true (i.e., the nursing staff is attending to the patient), the method
1100 returns to act 1110. If this condition is not true (i.e., the nursing staff is not
attending to the patient), the method 1100 returns to act 1140 (e.qg., for further attempts
to contact the nurse).

[00160] Referring now to FIG. 12, shown therein is a flow chart of an example
embodiment of a method 1200 of automating an oxygen saturation abnormality
response which may be used in at least one embodiment of the remote monitoring
system 10 of FIG. 1A.

[00161] At act 1205, the RPM client 20 starts to set up for tele-monitoring of a

specific patient.

[00162] At act 1210, an observer (e.g., a tele-monitor) determines whether the
patient needs continued remote monitoring. The determination may be input (e.g., by
keyboard, audio command, gesture received by webcam) into the RPM client 20, and
the RPM client 20 may send the input to the server 12. Alternatively, or in addition, the
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RPM client 20 may make the determination for the observer based on, for example,
input from the camera 14b. If the patient does not need remote monitoring (conditions
deteriorated or conditions improved), the remote monitoring stops; if the patient still

needs remote monitoring, the remote monitoring continues.

[00163] At act 1220, the RPM client 20 continues to provide video and/or audio to
the observer to be able to monitor the patient.

[00164] At act 1225, the RPM client 20 obtains the patient’'s SpO2 data from the
physiological data that is received and determines whether the patient's SpO: level
drops below an SpO:2 threshold. If this condition is not true (i.e., the patient's SpO2
level does not drop below an SpO:2 threshold), the method 1200 returns to act 1210. If
this condition is true (i.e., the patient’s SpO:2 level drops below an SpO:2 threshold), the
method 1200 proceeds to act 1230.

[00165] At act 1230, the observer directs the RPM client 20 to call an assigned
nurse. During act 1230, the RPM client 20 may receive a control input from the client
application, provided by the observer, to contact the assigned nurse, and the server
12 may send an electronic message or attempt to initiate a voice call with the nurse’s

phone.

[00166] At act 1235, the observer determines whether the assigned nurse answers
the phone. The determination may be input (e.g., by keyboard, audio command,
gesture received by webcam) into the RPM client 20, and the RPM client 20 may send
the input to the server 12. Alternatively, or in addition, the server 12 may make the
determination for the observer based on, for example, network data representing
connection with the nurse’s phone. If the nurse’s phone is answered, the method 1200
proceeds to act 1240. If the nurse’s phone is not answered, the method 1200 proceeds
to act 1245.

[00167] At act 1240, if the nurse’s phone is answered, the observer uses the RPM
client 20 to send an electronic message or audio data from the observer received from
the client application to the assigned nurse to instruct the assigned nurse to attend to
the patient and address the patient’s needs. The method 1200 then returns to act
1210.

[00168] At act 1245, if the nurse’s phone is not answered, the observer calls a

nursing station and alerts the nursing staff to attend to the patient immediately. During
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act 1245, the RPM client 20 may receive a control input from the client application to

send an electronic message or initiate a voice call with the nursing station.

[00169] At act 1250, the observer determines whether the nursing staff is attending
to the patient. The determination may be input (e.g., by keyboard, audio command,
gesture received by webcam) into the RPM client 20, and the RPM client 20 may send
the input to the server 12. Alternatively, or in addition, the RPM client 20 may make
the determination for the observer based on, for example, input from the camera 14b.
This may be determined if the RPM client 20 receives a message from the nurse
station indicating that the nursing staff is attending to the patient. Alternatively, the
RPM client 20 may receive an input from the client application to indicate that the
nursing staff is attending to the patient. This may be provided by the observer if they
see in the video data that the nursing staff is attending to the patient. If the condition
at act 1250 is true (i.e., the nursing staff is attending to the patient), the method 1200
returns to act 1210. If the condition at act 1250 is not true (i.e., the nursing staff is not
attending to the patient), the method 1200 returns to act 1230.

[00170] In at least one embodiment, the system 10 has continuous SpOz monitoring
capabilities. Continuous SpO2 monitoring may be accomplished by streaming data
from an FDA approved pulse oximeter device over Bluetooth, for example. For a
certain patient population such as lung transplant patients, it has been shown that
using continuous SpO2 monitoring can result in more timely response to patient health
deterioration. The continuous SpO2 monitoring can be implemented with one of two
(or both) approaches. If the hospital has continuous SpO2 data available in the EPR
system, then an HL7 (or FHIR) feed is connected to the RPM client 20 to show the
patient SpOz2 data on the camera view in real time. If the SpO2 data is not available in
an electronic patient record (EPR), a Bluetooth SpO2 monitor is used and the data is
sent to an embedded computing device, and the SpO2 data is relayed from the
embedded computing device to the RPM client 20 using WebSocket.

[00171] Referring now to FIG. 13, shown therein is a flow chart of an example
embodiment of a method 1300 of detecting and displaying patient motion which may

be used in at least one embodiment of the remote monitoring system 10 of FIG. 1A.

[00172] At act 1305, the RPM client 20 receives a video frame from a camera 14b
using the RTSP protocol. The received video frame is referred to as a current image.
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A background image is saved from a previous video frame in which the patient is not
present (or, for example, a previous picture taken of the bed without the patient on it).

[00173] The RPM client 20 may define a reference background image including the
patient from the video frames and defining the current image with the patient. The
reference background image and current image are each made up of their respective

image pixels.

[00174] At act 1310, the RPM client 20 creates a background model with the
background image pixels by fitting the pixel values to a mixture of Gaussian
distributions, each with independent weight, mean and variance. The background
model of Gaussian distributions is used for classifying any new incoming pixels by
comparing the Mahalanobis distance to the center of the distributions (e.g., how many
standard deviations away it is from the mean). The RPM client 20 determines if the
pixels in the current image are part of the background or the foreground by calculating
how close they are from the background model via Mahalanobis distance. If they are
close to the model, they are classified as background pixels. If not, they are classified
as foreground pixels. The RPM client 20 then collects the current image pixels
classified as foreground pixels to generate a foreground image.

[00175] As an example, suppose two Gaussian distributions are used to create the
background model and for each Gaussian distribution it can be defined using a mean
and a variance. Next, each distribution is assigned a weight and then added up. The

following formula may be used:
Model = weight1 * Gaussian(mean, variance) + weight2 * Gaussian(mean, variance)

[00176] The model is a mixture of both Gaussian distributions with its respective
weight. In order to determine the weight, mean and variance, the background image
pixels are used to fit this model to derive their values. Once the weight, mean and
variance are known, they can be plugged into the equation to test any new incoming
pixel to see if it is close to this model (e.qg., if its value within 3 standard deviations of
the mean of the model).

[00177] By way of example, suppose an incoming pixel has an intensity of 200.
Suppose further that the Gaussian model provides that the background pixel values
are in the range of [50, 150] with a mean of 100. The probability that the incoming pixel
is a background pixel is therefore low, so it can be classified as a foreground pixel.
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[00178] The Mahalanobis distance is a mathematical way to calculate the distance
like the simple distance of 200-100=100, so it can be determined whether the pixel
value is close to the mean value of the model distribution. The Mahalanobis distance
accounts for the covariance and spread of the background model. Different
Mahalanobis distances essentially correspond to different sized ellipsoids centered
around the spread of the background model pixels, where each distance value is an
ellipsoidal decision boundary corresponding to a standard deviation away from the

mean.

[00179] The RPM client 20 may then apply one or more filters to the foreground
image. For example, at act 1315, the RPM client 20 may apply a median blur filter to
the foreground image to obtain a first filtered foreground image. As another example,
at act 1320, the RPM client 20 may then apply a subsequent threshold filter to the first
filtered foreground image to obtain a second filtered foreground binary image —
labelled as a “binary” image because it contains only ‘0’ and ‘1’ values. As another
example, at act 1325, the RPM client 20 may apply a further subsequent filter such as
an erosion filter to the second filtered foreground binary image to obtain a third filtered
foreground binary image. As another example, at act 1330, the RPM client 20 may
apply a further subsequent filter such as a dilation filter to the third filtered foreground
binary image to obtain a fourth filtered foreground binary image.

[00180] At act 1335, the RPM client 20 then identifies contours in the fourth filtered
foreground binary image by finding borders of ‘1’ regions. There may be multiple ‘1’
regions, so multiple contours may be identified. This may be done by applying an
appropriate edge detection technique to the fourth filtered foreground binary image.
The RPM client 20 may find contours that have areas larger than a predefined

sensitivity value.
[00181] Atact 1340, the RPM client 20 overlays the contours onto the currentimage.

[00182] At act 1345, the RPM client 20 displays the overlaid current image (with the
contours) on the RPM client 20. The method 1300 returns to act 1305 for processing

the next video frame in a similar manner.

[00183] In at least one embodiment, the foreground images (or filtered foreground
images) may be masked images (or filtered masked images).
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[00184] Referring now to FIG. 14, shown therein is a flow chart of an example
embodiment of a method 1400 of applying machine learning to detecting and
displaying patient motion which may be used in at least one embodiment of the remote
monitoring system 10 of FIG. 1A.

[00185] At act 1405, the RPM client 20 receives a video frame from a camera 14b
using the RTSP protocol. The video frame includes an array of pixels which can be

grouped into regions in the later acts of method 1400.

[00186] At act 1410, the RPM client 20 selects a trained machine learning (ML)
model from the machine learning models 126. The trained ML model can be internally
generated (e.g., during execution of method 1400) or externally produced (e.g., from

supervised ML using previously obtained video data).

[00187] At act 1415, the RPM client 20 calculates pixel class probabilities from the
video frame using the trained ML model. The pixel class probabilities estimate the
probability that a given pixel belongs to a certain class which represents a certain type
of object in the video frame. Different classes may include the physical objects (e.g.,

bed, person, chair) in the video frame.

[00188] At act 1420, the RPM client 20 assigns a pixel class label to a given pixel

that is associated with the largest pixel class probability determined at act 1410.

[00189] At act 1425, the RPM client 20 extracts class regions based on connected
pixels having the same pixel class label.

[00190] At act 1430, the RPM client 20 calculates a bounding box around the
connected regions. The connected regions are the class regions that have connected
pixels having the same class type. The RPM client 20 may calculate multiple bounding
boxes, and the bounding boxes may be used to filter motion regions and trigger alarms
(e.g., a patient moving around or getting out of a bed or chair).

[00191] At act 1435, the RPM client 20 calculates motion contours from the video
frame. This can be done in a manner similar to that of method 1300. For example,
calculating motion contours can include one or more of creating difference images,
applying filters, finding contours, and overlaying contours to an image that includes
the class regions determined at act 1430. The RPM client 20 may find motion contours
that have areas larger than a predefined sensitivity value.



10

15

20

25

30

CA 03133220 2021-09-10

WO 2020/201969 PCT/IB2020/052964
-39 -
[00192] At act 1440, the RPM client 20 generates masks for the motion contours by
bounding boxes for the “bed” and “person” classes. The bed and person classes can
be, for example, generated by the selected trained ML model or obtained from an
external source. Obtaining masks for the motion contours in this manner generates

the contour data for an overlay image showing motion around the person.

[00193] Atact 1445, the RPM client 20 displays the overlay image on the RPM client
application viewport. The method 1400 returns to act 1405 for processing the next

video frame in a similar manner.

[00194] Method 1400 advantageously uses classified regions to filter patient and
bed motion areas. The use of classified regions improves the functioning of the system
10 by allowing it to more simply, filter motion regions based on detected object.
Advantageously, the machine learning approach enables creation of regions of
interest (ROIs) over detected objects (e.g., object bounding boxes), which enables the
filtering of normal motion detection according to the ROls that are relevant (e.g., bed

or person).

[00195] Referring now to FIG. 15, shown therein is a flow chart of an example
embodiment of a method 1500 of gaze alertness tracking which may be used in at

least one embodiment of the remote monitoring system 10 of FIG. 1A.

[00196] At act 1505, the RPM client 20 receives image data on the gaze direction of
the observer (e.g., a tele-monitor) from an eye tracker.

[00197] At act 1510, the RPM client 20 performs screen calibration of its screen or
screens. The RPM client 20 may then send calibration data on the screen calibration
to the RPM client 20. Calibration is performed through the display of known image
centers (pixel location) on the screen while the observer under eye tracking, directs
the gaze at the image centers. This computes the mapping between detected pupil

center, direction, and pixel location for the extent of the screen.

[00198] At act 1515, the RPM client 20 calculates a screen pixel location from gaze
direction vectors obtained from an eye tracker. The gaze direction vectors represent
the direction in which the observer is looking at the point at which the vectors interest

the display is determined to obtain the screen pixel location of the observer’s gaze.
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[00199] At act 1520, the RPM client 20 identifies if the gaze direction is off screen
(or outside of any of the camera viewports). If this condition is not true (i.e., the gaze
direction is not off screen), the method 1500 proceeds to act 1525. If the condition at
act 1520 is true (i.e., the gaze direction is off screen), the method 1500 proceeds to
act 1530.

[00200] If the observer is properly viewing the display, then at act 1525, the RPM
client 20 resets the gaze alert timer. The method 1500 returns to act 1505. The gaze
alert time represents the amount of time that the observer is not looking at the display.

[00201] If the observer is not properly viewing the display, then at act 1530, the RPM
client 20 accumulates (i.e., starts incrementing) the gaze alert timer to monitor how
long it has been since the observer has stopped looking at the display showing the
viewport(s) of the RPM client 20.

[00202] At act 1535, the RPM client 20 identifies if the gaze alert timer reaches a
limit. If this condition is not true (i.e., the gaze alert timer does not reach the limit), the
method 1500 returns to act 1505. If the condition at act 1535 is true (i.e., the gaze alert

timer reaches the limit), then the method 1500 proceeds to act 1540.

[00203] At act 1540, the RPM client 20 outputs an audio alertness prompt.
Alternatively, or in addition, the RPM client 20 flashes the screen, generates a
vibration, or otherwise alerts the observer (e.g., sends an SMS message to the
observer’s personal device) to indicate that the observer needs to start observing the

viewport(s) again.

[00204] Method 1500 advantageously combines eye tracking with attention regions
to ensure that an observer is performing remote observation of patients and triggering
one or more alertness alarms when the observer is not viewing the viewport(s). This
combination of gaze tracking and alerts for observing viewports associated with
remote patient observation makes the RPM client 20 an integral, interactive
component of the system 10 by ensuring full engagement of the observer (e.g., tele-

monitor).

[00205] Referring now to FIG. 16, shown therein is a flow chart of an example
embodiment of a method 1600 of mobile cart configuration which may be used in at
least one embodiment of the remote patient monitoring system 10 of FIG. 1A.
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[00206] At act 1610, the networked monitoring device 14a receives setup data from
a mobile cart carrying a camera 14b.

[00207] At act 1620, the networked monitoring device 14a associates the camera
14b with a particular site. The site may be entered at the mobile cart or previously
designated on a physical and/or logical map. The site can be a certain room on a
certain floor of a certain building.

[00208] At act 1630, the networked monitoring device 14a broadcasts data about
the camera 14b. The broadcast data can include location data such as the physical
location, floor, site, GPS coordinates, or map coordinates of the camera 14b.

[00209] In at least one embodiment, the method 1600 can be used to configure the

locations, identities, and/or login information of a plurality of cameras 14b.

[00210] Referring now to FIGS. 17 and 18, shown therein are example screen views
on an RPM client 20 that demonstrate motion detection. FIG. 17 shows an illustration
of an actual example screen view of motion highlighting for a *hand raising” action
1700, where the hand tracking 1710 is shown as a dotted region. FIG. 18 shows an
illustration of an actual example screen view of motion highlighting for a “getting up”
action 1800, where the head and back tracking 1810 is shown as a dotted region. In
FIGS. 17 and 18, the RPM client 20 controls the camera 14b to observe a seated user
at a 1 meter distance.

[00211] The RPM client 20 provides motion detection and visual cues via
highlighting that can be toggled on and off. For each live camera feed, a Gaussian
mixture-based background/foreground segmentation is used to determine the
background from foreground pixels. When turned on, the first video frame received is
used as a reference background frame, where background pixels are modelled using
a mixture of Gaussians. New received pixels are calculated against the background
model via Mahalanobis distance to determine if they are background/foreground
pixels. The Mahalanobis distance captures the covariance and spread of red, green,
and blue (RGB) pixels corresponding to a background. The decision boundary
corresponding to the distance is an ellipsoid, which may better capture the spread of
data as compared to the sphere as with Euclidean distance. Pixels that pass as
foreground via distance check and are connected together are deterministic of the
motion region. In the RPM client 20, a sensitivity value corresponding to an area
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threshold can be adjusted, highlighting connected foreground regions only if the
connected pixel area is greater than the sensitivity value.

[00212] During testing, the RPM client 20 was set up to test the performance of
detecting a user’'s motion using one camera unit. The camera unit was positioned at a
one meter distance from the user being monitored. The user sat in a chair and
performed three motions repeatedly: (1) getting up and sitting down, (2) raising and
lowering an arm, and (3) changing sitting position. Each motion was performed 10
times. The RPM client motion detection mode was turned on to detect these motions.
A webcam was placed with its field of view over the observed user to record motions
performed by the user. The recorded video was then analyzed to determine the
correlation between the motions occurred in the video and the motions detected by
the RPM client 20 as a highlighted visual cue via outline shown on the RPM client 20.
The study was repeated with the camera unit positioned at a two meter distance from

the observed user.

[00213] FIG. 17 illustrates an example of motion highlighting of the hand raising
action at a 1 meter distance. FIG. 18 illustrates an example of motion highlighting of
the getting up action at a 1 meter distance. The detection and correlation of the events
of motion at a distance of 1 meter is listed in Table 1.

Table 1 - Motion action and detection results at 1 meter distance
Event Number of Occurrences | Number of Detections and Highlight
Getting Up 10 10
Raising Arms 10 10
Changing Position | 10 10

[00214] The detection and correlation of the events of motion at a distance of 2

meters is listed in Table 2.

Table 2 - Motion action and detection results at 2 meter distance
Event Number of Occurrences | Number of Detections and Highlight
Getting Up 10 10
Raising Arms 10 2
Changing Position | 10 9
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[00215] At the one meter distance, the RPM client 20 successfully detected all three
types of motions, while at the two meter distance, the RPM client 20 detected all

getting up events correctly but only some of the other 2 types of motions correctly.

[00216] Referring now to FIG. 19, shown therein is an example screen view on an
RPM client 20 that demonstrates eye tracking 1900. In FIG. 19, an RPM client 20 (on
a laptop) is shown with a Tobii eye tracker 1920 at the bottom of the display. The RPM
client 20 registers observer gaze to a screen location and invokes events based on
whether the observer is looking on or off the screen. If the observer’'s gaze points are
off screen the RPM client 20 will alert the observer that he is not looking at the screen.
The gaze tracking region 1910 is shown in dashed lines at the extent of the display.
The eye tracker 1920 may detect whether the gaze points are on or off screen by
calling the eye tracker API. The RPM client 20 is notified by the eye tracker 1920 when
the observer’'s gaze points are on or off screen, which informs the RPM client 20

whether the observer is looking at the screen or at something else.

[00217] During testing, a consumer-grade Tobii eye tracker (see, e.g.,
https://gaming.tobii.com/tobii-eye-tracker-4c/) was placed under and connected to an
RPM client 20 (on a laptop). The eye tracker was calibrated to the observer and the
laptop display with the calibration software provided by Tobii. The observer followed
the software directions to look at the center and corners of the laptop display, and the
calibration software tracked the user’s gaze point by its location within the extent of
the display to complete the calibration process. The eye tracking feature was
implemented in the RPM client 20 to alert the user when the user's gaze was off the
display. A user sitting in front of the laptop and his gaze points were tracked by the
RPM client 20 (according to the method 1500 of gaze alertness tracking described
above) using the eye tracker. The observed user performed two type of tasks: (1)
looking at the laptop display and (2) looking away from the display. Each task was
performed 11 times. A webcam was placed with its field of view over the observed
user to record tasks performed by the user. The recorded video was then analyzed to
determine the correlation between the tasks performed by the user in the video and
the gaze on display / gaze off display events detected by the RPM client 20.
Measurements were also taken to check the delay between the actual events
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happened (measured by the timestamp when the event happened from the recorded
video) and alerts sent by the RPM client 20 (measured by the timestamp when the
alerts showed up in the RPM client 20 from the recorded video).

[00218] A total of 22 gaze events were measured where the observer looked at and
away from the display, with corresponding alerts in the RPM client 20 for each. The
RPM client 20 outputted correct alerts corresponding to each of the 22 events as
summarized in Table 3. The delay between the actual events and the alerts sent by
the RPM client 20 was less than 1 second. In particular, Table 3 shows alert events
from the RPM client 20, matching number of occurrences when gaze is on/off the
display.

Table 3 - Alert events from RPM client — matching number of occurrences when
gaze is on / off the display

Event Number of Occurrences | Number of Detections
Gaze On Display | 11 11
Gaze Off Display | 11 11

[00219] Bluetooth SpO:2 streaming was also experimentally tested. A Nonin Model
3230 Bluetooth LE pulse oximeter (see, e.g., https://www.nonin.com/products/3230/)
was worn on a patient’s index finger to measure the patient’s oxygen saturation. The
pulse oximeter was paired with a small embedded computer on a mobile cart via
Bluetooth connection protocol. A custom software program was implemented and run
on the embedded computer to receive SpO2 measurements and events transmitted
by the pulse oximeter via wireless Bluetooth communication. The pulse oximeter
transmitted the measurements (SpO2 reading and pulse rate) once every second. The
embedded computer streamed the SpO2 measurements and events serially to the
RPM client 20 via socket communication over the hospital local area network. The
RPM client 20 displayed the streamed SpO2 measurements in the monitoring window
for the monitored patient onscreen. A user performed two type of tasks: (1) putting the
pulse oximeter on the patient’s index finger and leaving it running for 30 seconds; and
(2) taking it off the patient’s index finger and leaving it off for 30 seconds. The pulse
oximeter had automatic on and off functionality so the user did not need to manually

turn it on or off. A webcam was placed with its field of view over the pulse oximeter
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worn by the patient to record visible display readings for correlation with visual SpO2

display from the RPM client 20.

[00220] For event detection and correlation, two types of events were observed: (1)
pulse oximeter on/off event and (2) pulse oximeter display readings that were in sync
with the SpO2 display from the RPM client 20 for longer than 5 seconds. Table 4
summarizes detection results for pulse oximeter on/off detection correlation. It shows
that the RPM client 20 successfully detected all 22 events on events and 22 off events.
Table 5 shows that the readings from the RPM client 20 were successfully in sync with
the readings from the pulse oximeter for all 22 observed times. Streaming
measurements were also collected over a period of 12 minutes with an average delay
between corresponding webcam video frame to measurement of less than 1 second
with 0 missed readings. In particular, Table 4 shows detected pulse oximeter events
from a Nonin 3230 Bluetooth pulse oximeter and the RPM client 20.

Table 4 - Detected Pulse Oximeter Events from Nonin 3230 Bluetooth pulse

oximeter and RPM client

Event Number of Occurrences | Number of Detections
Pulse Oximeter On | 22 22
Pulse Oximeter Off | 22 22

[00221] Table 5 shows detected in-sync events from a Nonin 3230 Bluetooth pulse
oximeter and the RPM client 20.

Table 5 - Detected in-sync Events from Nonin 3230 and RPM client

Event No. of Occurrences | No. of Detections
Reading in sync more than 5 sec | 22 22

[00222] The systems and methods described above advantageously can be
implemented using multiple RPM clients and networked monitoring devices to scale
up to monitor hundreds of patients from one hospital site or multiple sites, and also to
monitor patients in different hospitals or even from their home.



10

15

20

25

30

CA 03133220 2021-09-10

WO 2020/201969 PCT/IB2020/052964
-46 -
[00223] In at least one embodiment, the systems and methods described above
advantageously can employ a mobile patient monitoring cart by incorporating a
camera, speaker, and other measuring devices into one mobile unit which can be

deployed to different rooms/sites with minimum setup effort (e.g., plug and play).

[00224] The systems and methods described above advantageously can be
deployed in either a small clinic which consists of a single network or a large enterprise
for which its network structure is often complex and restricted (e.g., both wired/wireless
networks, different subnets, multiple VLANs, multiple sites, different visibility, and
dynamic IP vs. static IP).

[00225] The systems and methods described above advantageously can be
deployed in (or scaled up to) a complex network environment without loss of reliability.
In a complex network environment, a number of issues can arise, such as: a wireless
network being available in most of the patient rooms but not all; the reliability of the
wireless network being poor so it is not a good option for RPM; a wired network
spanning multiple hospital campuses and being divided into multiple subnets; a
camera or any monitoring device plugged into the network not being easily
discoverable unless it is capable to push data to a (central) server; the network being
configured to use dynamic IP or static IP, and if a camera is configured to use static
IP then it cannot be used in a dynamic IP network. Some or all of these issues are
addressed in some or all of the embodiments described above. For example, subnets
can be defined using locators to cover the different sites where possible, and for
locations in which locators are not possible the smart “mobile cart” can be used and is
capable of being plugged into either a dynamic or a static IP network.

[00226] The systems and methods described above advantageously can save
computer resources by providing the RPM client with a multi-patient display so that an
observer can observe more than one patient at a time or use fewer displays to observe
multiple patients. The savings in computer resources can also be achieved by
reducing the number of client applications that need to be started or managed to
monitor multiple patients. Additionally, two-way audio may be enabled on the RPM
client, such that the tele-monitor can communicate with multiple patients over one

client application, further resulting in a savings in computer resources.
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[00227] The systems and methods described above advantageously can be set up
to comply with an implementation policy. The implementation of new technology within
a healthcare setting requires extensive planning, especially if it requires a change in
clinical practice. The use of bedside constant observation for patients with delirium,
dementia, and/or confusion has been the standard of care at most healthcare
organizations. Remote patient monitoring adds a new dimension in patient observation
and changes the approach clinicians take when managing these types of patients.
Clear criteria and guidelines are required to provide clinicians with appropriate
decision-making support to make a smooth transition to changes in patient care.
Referring now to FIG. 21 and FIG. 22, shown therein is an example decision support
tool for initiation, continuation, and discontinuation of remote monitoring, along with
consideration factors for appropriateness of remote monitoring. A step-by-step
approach allows clinicians to safely and independently decide on the most appropriate
level of observation, with the goal to start with the least intrusive and most cost-
effective strategies. Escalation to the next level of observation can be automated in
accordance with the policy and associated procedures developed to guide clinicians’

decision-making safely.
Study:

[00228] To assess if Remote Patient Monitoring (RPM) can be implemented in a
way that provides the constant observation function in a more cost-effective manner

without compromising patient safety.

[00229] In the study, clinical data was obtained for the following: (1) Fall Rates, (2)
Adverse Events, (3) Lung Transplant Mortality Rate and (4) Constant 1:1 Bedside
Hours and Cost. The study was conducted on patients at inpatient units at three
different hospitals (Hospitals A, B and C) with start dates ranging from July 2016 to
August 2019.

Implementation timelines:

[00230] The study was implemented under the following timelines:

e Initial pilot technical setup July 2016 to December 2016 — Thoracic Surgery &
Respirology Inpatient Unit at Hospital A.



10

15

20

25

CA 03133220 2021-09-10

WO 2020/201969 PCT/IB2020/052964
-48 -
e Phased approach across all inpatient units at Hospital A from January 2016 to
April 2018 to align infrastructure, digital executive teams.

e April 2018 — went live with RPM on all inpatient units at Hospital A.
e August 2019 — went live with RPM on all inpatient units at Hospitals B and C.

Patient Demographics

[00231] There was a total of 1,295 patients remotely monitored in the study pilot
from July 2016 to Dec 2019. There were 53 (4%) young adults (18-40 years of age),
345 (28%) middle-aged adults (40-65 years of age) and 829 (68%) older adults (65
years of age or older). Of the 1,295 patients, 40% were females and 60% were males.
Approximately half of the patients were surgical (n=710, 55%) who were recovering
from their surgery while in hospital. The other half were either transplant patients
having recently undergone transplantation or admitted to hospital while waiting for
transplant (n=272, 21%) or patients admitted for medical conditions (n=313, 24%),

such as pneumonia, sepsis, etc.

[00232] In order for a patient to qualify for continuous observation, they must have

met one of the following inclusion criteria:

e High Risk for Falls (using Morse Fall Scale) and lack of insight into his/her

limitations;

e High Risk for Harm to Self (i.e., removing essential medical therapy; risk of

suicide);

e High Risk for Harm to Others (i.e., exhibits uncontrollable aggressive behavior

towards medical staff or other patients);

o Persistent Wandering or Flight Risk (i.e., leaving against medical advice when

deemed incapable to make this decision).

[00233] Once it was established that the patient required continuous monitoring, the
observer followed the clinical pathway decision tools to assist in deciding the level of
continuous observation the patient required. The options were: 1) No continuous
monitoring needed and only conservative interventions (e.g., bed alarm, socks with

grip bottoms); 2) RPM; or 3) 1:1 Bedside Continuous Observation.
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[00234] Within the study, the main reason that most patients were remotely
monitored was found to be multi-factorial. The most common combination was High
Risk for Falls and High Risk for Self Harm (such as pulling off medically necessary
oxygen masks, drains, tracheostomy tube, etc.). Patients who were wanderers or high
risk for harming others typically also had other risk factors associated with them (e.g.,
high risk for falls, high risk for harming themselves) and therefore often fell into the
combination category. There were very few individuals that were solely monitored due
to risk of harming others or high risk for wandering. Table 6 below illustrates these

findings.
Table 6 - Reasons for Remote Monitoring
Remotely Monitoring Categories Number of Patients N (%)
High Risk of Falls 275 (21%)
High Risk of Self Harm 122 (9%)
High Risk of Harm to Others 1 (0%)
Wandering 9 (1%)
Combination of the above categories 909 (69%)
Fall rates:

[00235] Table 7 below shows fall rates for all three sites both pre- and post-
implementation. Fall rates at Hospitals A, B, and C were reported/calculated for falls
with injury per 10,000 adjusted patient days rolling over the last 12 months per hospital
site. The RPM program allowed nursing staff to replace a physical person (a resource-
intensive & expensive approach at $25/hour per patient) from the bedside who can
continuously monitor the patient 1:1 with remote video technology (a more cost-
efficient option at $8.90/hr per patient) and remotely redirect patients with voice to not
engage in risky behavior that could potentially cause a fall or some form or harm. The
general trend post-implementation of RPM was a decline in fall rates.
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FY 16/17 FY17/18 | FY 18/19 | FY 19/20 YTD Oct
All Acute Sites 0.18 0.23 0.15 0.09
Hospital A 0.22 0.26 0.13 0.08
Hospital B 0.08 0.30 0.22 0.00
Hospital C 0.25 0.13 0.13 0.19

Adverse Events:

[00236]
to March 31, 2018 (at the surgical and medicine inpatient units at Hospital A). The

Adverse events were reviewed post RPM implementation from April 1, 2017,

incident reports that were completed for patients with bedside 1:1 constant observation
(the current standard of care) were compared with the approach of RPM. Front-line
nursing staff was provided with clinical decision pathways that guided the user through
various decision points required to determine if the patient required continuous
observation and whether RPM was indicated (instead of 1:1 bedside monitoring).
These clinical decision pathways are depicted in FIGS. 21 and 22. The data showed
that there were less falls and less adverse events in the RPM group compared to the
Bedside 1:1 group (the standard of care). The adverse events included: pulling out an
IV, a chest tube, a foley catheter, etc. The conclusion was that the clinical decision
pathways developed were accurate in determining which patients were appropriate for
RPM. The study demonstrated that the RPM system did not have a higher incidence
of falls or adverse events despite removing a physical person at the patients’ bedside.

Table 8 shows the adverse events by type occurring during RPM and 1:1 bedside

monitoring.
Table 8 - Adverse Events at Hospital A
Types RPM Bedside 1:1
Fall 7 25
[V Pulled Out 3 0
Oxygen Pulled Off/Desaturation 1 0
NG Pulled Out 1 0
Chest tube Pulled Out 1 0
Foley Pulled Out 0 2
Picc Pulled Out 0 1
Patient Elopement 0 1
Total 13 29
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Pre Lung Transplant Mortality Rate:

[00237] Table 9 shows the mortality rate of pre-lung transplant patients. Patients
who are candidates for lung transplantation typically wait outside of the hospital for a
potential compatible donor. However, there is a small population of patients who are
too sick to wait at home — typically due to high oxygen requirements — and must be
admitted to hospital while waiting for potential lung transplantation. There was a trend
where the mortality rate of the pre-lung transplant patients was increasing over time,
with an all-time high in 2015. In 2016, RPM was implemented, and the pre-lung
transplant mortality rate decreased from 21% to 9%. In 2019, the mortality rate was
4% — the lowest mortality rate to date. In particular, Table 9 shows the number of lung
transplants by year and the corresponding Wait List (WL) mortality rate during the
period of 2004 to 2019. The pre-lung transplant Wait List mortality rate is shown
graphically in FIG. 8, where the decline in mortality rate following implementation of
RPM in 2016 is visually apparent.

Table 9 - Pre Lung Transplant Mortality Rate

Year # of Lung Transplants | WL Mortality Rate (%)
2004 64 16.67
2005 68 14.46
2006 87 13.89
2007 100 15.32
2008 85 10.08
2009 102 13.83
2010 84 18.80
2011 102 14.60
2012 104 15.33
2013 133 19.25
2014 115 19.44
2015 128 21.48
2016 145 8.70
2017 170 7.57
2018 197 4.59
2019 212 4.25
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Bedside Constant Observer Hours & Cost:

[00238] A primary goal for RPM is to reduce bedside 1:1 constant observation by
replacing it (where applicable) with RPM instead. The cost of bedside 1:1 observation
has increased over the years (including during the pilot). When the pilot was initially
started, it cost $18/hr for a bedside constant observer to monitor one patient; after the
pilot concluded, it ranged between $23-25/hr. With RPM, healthcare providers are able
to change the ratio of the constant observer from 1:1 to 1:6 or 1:8, providing a more

cost-efficient way to continuously monitor patients.

[00239] FIG. 20 shows a chart of the bedside constant observer hours in the 2018-
2019 fiscal year (i.e., April 2018 to March 2019) compared to the average usage during
the three-year period of April 2014 to March 2017 prior to implementation of RPM.
There is a great variation in usage of bedside constant observation at all three
hospitals (Hospital A, B, and C) from day-to-day, month-to-month, and year-to-year.
However, the general trend was that the need of bedside 1:1 constant observation
was increasing over time and driving costs associated with it substantially upwards.

[00240] Therefore, 1:1 bedside continuous observation usage post-implementation
of RPM was compared with the average 1:1 bedside continuous observation usage
during the three-year period of April 2014 to March 2017 prior to implementation of
RPM. Post-implementation, there was a general decline in bedside 1:1 constant
observation usage, which resulted in a cost avoidance of $800,000.

[00241] While the applicant’s teachings described herein are in conjunction with
various embodiments for illustrative purposes, it is not intended that the applicant’s
teachings be limited to such embodiments as the embodiments described herein are
intended to be examples. On the contrary, the applicant’s teachings described and
illustrated herein encompass various alternatives, modifications, and equivalents,
without departing from the embodiments described herein, the general scope of which

is defined in the appended claims.
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CLAIMS:

1. A computer-implemented method of managing a remote patient monitoring
(RPM) system, wherein the method is implemented by a central server, an RPM client,
and a networked monitoring device, and comprises:

initializing the RPM system for remote monitoring of at least one patient location
using a network and a networked monitoring device;

receiving video data and physiological data over the network for the at least
one patient location from the networked monitoring device;

transmitting 2-way audio data over the network for the at least one patient
location;

displaying at least one viewport at the RPM client, the at least one viewport
showing the video data and the physiological data for the at least one patient location;

automatically detecting a patient situation requiring attention in the at least one
patient location and indicating the patient situation on the RPM client; and

receiving input at the RPM client of a response to the patient situation.

2. The method of claim 1, wherein initializing the RPM system further comprises:

receiving a request from the RPM client to set up a user interface and display
the user interface;

providing camera data to the RPM client;

updating the available/monitoring camera list with available and monitoring
cameras;

receiving a request from the RPM client to set up a viewport to monitor a specific
camera from the available/monitoring camera list;

connecting the RPM client to the specific camera using real-time streaming
protocol (RTSP);

receiving video frames from the specific camera and showing the video frames
in the viewport;

performing an adjustment of the specific camera according to a request from
the RPM client where the adjustment includes adjusting one of a pan, tilt, and/or zoom
setting for the specific camera; and

sending audio input to a patient speaker associated with the specific camera
where the audio input is received at the RPM client.
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3. The method of claim 1 or claim 2, wherein the detected patient situation is that
a patient is engaging in self harm and the method further comprises:
signaling to the RPM client to instruct a tele-monitor to attempt to redirect the
patient verbally;
determining whether the redirection was successful; and
when the redirection is not successful:
signaling to the RPM client to instruct the tele-monitor to contact an
assigned nurse to attend to the patient; and
when the assigned nurse does not receive the contact, signaling to the
RPM client to instruct the tele-monitor to contact a nursing station to
attend to the patient; and
determining that the patient situation has been responded to by receiving an
indication that the assigned nurse or the nursing station has attended to the patient.

4. The method of any one of claims 1 to 3, wherein the detected patient situation
is that an SpO:z2 level for a patient has dropped below an SpO: threshold level and the
method further comprises:

signaling to the RPM client to instruct the tele-monitor to contact an assigned
nurse to attend to the patient;

when the assigned nurse does not receive the contact, signaling to the RPM
client to instruct the tele-monitor to contact a nursing station to attend to the patient;
and

determining that the patient situation has been responded to by receiving an
indication that the assigned nurse or the nursing station has attended to the patient.

5. The method of any one of claims 1 to 4, further comprising:

receiving video frames from a given camera;

defining a reference background image including the patient from the video
frames and defining a current image with the patient, the reference background image
comprising background image pixels and the current image comprising current image

pixels;



10

15

20

25

30

CA 03133220 2021-09-10

WO 2020/201969 PCT/1IB2020/052964
-56 -

creating a background model using the background image pixels using a
mixture of Gaussian distributions, the background model having a background model
distribution;

classifying the current image pixels in the current image as background pixels
or foreground pixels by calculating how close the current image pixels are from the
background model distribution via Mahalanobis distance;

collecting the current image pixels classified as foreground pixels to generate
a foreground image;

applying a median blur filter to the foreground image to obtain a first filtered
foreground image;

applying a threshold filter to the first filtered foreground image to obtain a
second filtered foreground binary image;

applying an erosion filter to the second filtered foreground binary image to
obtain a third filtered foreground binary image;

applying a dilation filter to the third filtered foreground binary image to obtain a
fourth filtered foreground binary image, the fourth filtered foreground binary image
comprising O-regions and 1-regions;

finding borders of the 1-regions in the fourth filtered foreground binary image to
generate contours;

finding the contours that have areas larger than a predefined sensitivity value
thereby defining found contours;

overlaying the found contours onto the current image to obtain an overlaid
current image; and

displaying the overlaid current image at the RPM client.

6. The method of any one of claims 1 to 5, further comprising:

receiving a video frame from a given camera;

selecting a trained machine learning model for determining probabilities for
pixels being associated with different classes in the video frame;

calculating pixel class probabilities from the video frame using the trained
machine learning model;

assigning a pixel class label to each pixel using a highest class probability
determined for each pixel;
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extracting class regions based on connected pixels that have the same pixel
class label;

calculating a bounding box around the connected regions;

finding motion contours that have areas larger than a predefined sensitivity
value thereby defining found motion contours;

masking the found motion contours for bounding boxes for bed and person
classes thereby defining a masked motion contour;

overlaying the masked motion contour for a person on the video frame to obtain
an overlay image; and

displaying the overlay image at the RPM client.

7. The method of claim 6, wherein the trained machine learning model is an
artificial neural network that is trained by supervised learning over datasets obtained
from video data stored at the RPM system.

8. The method of any one of claims 1 to 3, wherein the incident comprises a
patient falling out of bed and the method comprises use machine learning methods to
predict when the incident will take place based on the video data received at the RPM

client.

9. The method of any one of claims 1 to 3, wherein the incident comprises a low
patient SpOz2 level below an SpO2 threshold, and the method comprises use machine
learning methods to predict when the incident will take place based on the
physiological data received at the RPM client.

10.  The method of any one of claims 1 to 9, further comprising:

receiving gaze data from the RPM client on a gaze direction of the tele-monitor
determined using an eye tracker, the gaze data including gaze direction vectors;

performing screen calibration of a screen of the RPM client;

calculating a screen pixel location from the gaze direction vectors;

identifying when the gaze direction is outside of the viewport based on the
screen pixel location; and

when the gaze direction is outside of the viewport longer than a gaze alert timer
threshold, providing an audio and or video alert to the tele-monitor to prompt the tele-

monitor to view the viewport.
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11.  The method of any one of claims 1 to 10, further comprising:

translating between first speech input received by the RPM client and second
speech input received from the at least one patient location using natural language
processing, speech recognition, and speech synthesis so that communication at the
RPM client and the least one patient location is in different languages spoken by
individuals at both the RPM client and the least one patient location.

12.  The method of any one of claims 1 to 11, wherein the at least one networked
monitoring device comprises at least one of a locator that is used to configure a subnet
for the patient locations at one physical location and a mobile patient monitoring cart

that is used to create its own subnet to connect to the network.

13.  The method of claim 12, wherein the mobile patient monitoring cart comprises
a camera, a speaker, and at least one physiological measuring device incorporated
into one mobile unit and the method further comprises deploying the mobile patient

monitoring cart to a different patient location.

14.  The method of any one of claims 1 to 13, further comprising:
employing multiple networked monitoring devices and multiple RPM clients to
scale the remote monitoring to cover patient locations in different locations within one

building or in different locations in different buildings including a patient home.

15. The method of any one of claims 1 to 14, wherein the network comprises at
least one of a wired subnet and a wireless subnet that uses at least one of dynamic IP

and static IP.

16. A system for remote patient monitoring (RPM), the system comprising:
a server comprising a data store and at least one processor coupled to
the data store;
an RPM client that is a software program that is executed by a computing
device that is connected to the server via a network; and
a networked monitoring device that is connected to the server and the
computing device having the RPM client via the network;

wherein the server is configured to initialize the RPM system for remote monitoring of

at least one patient location using the network, and



10

15

20

25

30

CA 03133220 2021-09-10

WO 2020/201969 PCT/1IB2020/052964
-59 -

wherein the RPM client is configured to
receive video data and physiological data over the network for the at least one
patient location via the networked monitoring device;
transmit 2-way audio data over the network for the at least one patient location;
display at least one viewport at the RPM client, the at least one viewport
showing the video data and the physiological data for the at least one patient
location;
automatically detect a patient situation requiring attention in the at least one
patient location and indicate the patient situation on the RPM client; and
receive input from the RPM client of a response to the patient situation.

17.  The system of claim 16, wherein the server is configured to initialize the RPM
system by:

receiving a request from the RPM client to set up a user interface and display
the user interface;

providing camera data to the RPM client;

updating the available/monitoring camera list with available and monitoring
cameras;

receiving a request from the RPM client to set up a viewport to monitor a specific
camera from the available/monitoring camera list;

connecting the RPM client to the specific camera using real-time streaming
protocol (RTSP);

receiving video frames from the specific camera and showing the video frames
in the viewport;

performing an adjustment of the specific camera according to a request from
the RPM client where the adjustment includes adjusting one of a pan, tilt, and/or zoom
setting for the specific camera; and

sending audio input to a patient speaker associated with the specific camera
where the audio input is received at the RPM client.

18.  The system of claim 17 or claim 18, wherein the detected patient situation is
that a patient is engaging in self harm and the computing device is configured to

execute instructions to:
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provide a signal at the RPM client to instruct a tele-monitor to attempt to redirect
the patient verbally;
determine whether the redirection was successful; and
when the redirection is not successful:
signal to the RPM client to instruct the tele-monitor to contact an
assigned nurse to attend to the patient; and
when the assigned nurse does not receive the contact, signal to the RPM
client to instruct the tele-monitor to contact a nursing station to attend to
the patient; and
determine that the patient situation has been responded to by receiving an
indication that the assigned nurse or the nursing station has attended to the patient.

19.  The system of any one of claims 16 to 18, wherein the detected patient situation
is that an SpO:z2 level for a patient has dropped below an SpO: threshold level and the
computing device is configured to execute instructions to:

signal to the RPM client to instruct the tele-monitor to contact an assigned nurse
to attend to the patient;

when the assigned nurse does not receive the contact, signal to the RPM client
to instruct the tele-monitor to contact a nursing station to attend to the patient; and

determine that the patient situation has been responded to by receiving an
indication that the assigned nurse or the nursing station has attended to the patient.

20. The system of any one of claims 16 to 19, wherein the computing device is
configured to execute instructions to:

receive video frames from a given camera,;

define a reference background image including the patient from the video
frames and defining a current image with the patient, the reference background image
comprising background image pixels and the current image comprising current image
pixels;

create a background model using the background image pixels using a mixture
of Gaussian distributions, the background model having a background model

distribution;
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classify the current image pixels in the current image as background pixels or
foreground pixels by calculating how close the current image pixels are from the
background model distribution via Mahalanobis distance;

collect the current image pixels classified as foreground to generate a
foreground image;

apply a median blur filter to the foreground image to obtain a first filtered
foreground image;

apply a threshold filter to the first filtered foreground image to obtain a second
filtered foreground binary image;

apply an erosion filter to the second filtered foreground binary image to obtain
a third filtered foreground binary image;

apply a dilation filter to the third filtered foreground binary image to obtain a
fourth filtered foreground binary image, the fourth filtered foreground binary image
comprising O-regions and 1-regions;

find borders of the 1-regions in the fourth filtered foreground binary image to
generate contours;

find the contours that have areas larger than a predefined sensitivity value
thereby defining found contours;

overlay the found contours onto the current image to obtain an overlaid current
image; and

display the overlaid current image at the RPM client.

21.  The system of any one of claims 16 to 20, wherein the computing device is
configured to execute instructions to:

receive a video frame from a given camera;

select a trained machine learning model for determining probabilities for pixels
being associated with different classes in the video frame;

calculate pixel class probabilities from the video frame using the trained
machine learning model;

assign a pixel class label to each pixel using a highest class probability
determined for each pixel;

extract class regions based on connected pixels that have the same pixel class
label;
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calculate a bounding box around the connected regions;

find motion contours that have areas larger than a predefined sensitivity value
thereby defining found motion contours;

mask the found motion contours for bounding boxes for bed and person classes
thereby defining a masked motion contour;

overlay the masked motion contour for a person on the video frame to obtain
an overlay image; and

display the overlay image at the RPM client.

22. The system of claim 21, wherein the trained machine learning model is an
artificial neural network that is trained by supervised learning over datasets obtained
from video data stored at the RPM system.

23. The system of any one of claims 16 to 18, wherein the incident comprises a
patient falling out of bed and the computing device is configured to execute machine
learning methods to predict when the incident will take place based on the video data
received at the RPM client.

24.  The system of any one of claims 16 to 18, wherein the incident comprises a low
patient SpOz2 level below an SpOz2 threshold, and the computing device is configured
to execute machine learning methods to predict when the incident will take place
based on the physiological data received at the RPM client.

25. The system of any one of claims 16 to 24, wherein the computing device is
configured to execute instructions to:

receive gaze data from the RPM client on a gaze direction of the tele-monitor
determined using an eye tracker, the gaze data including gaze direction vectors;

perform screen calibration of a screen of the RPM client;

calculate a screen pixel location from the gaze direction vectors;

identify when the gaze direction is outside of the viewport based on the screen
pixel location; and

when the gaze direction is outside of the viewport longer than a gaze alert timer
threshold, provide an audio and or video alert to the tele-monitor to prompt the tele-

monitor to view the viewport.
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26. The system of any one of claims 16 to 25, wherein the computing device is
configured to execute instructions to:

translate between first speech input received by the RPM client and second
speech input received from the at least one patient location using natural language
processing, speech recognition, and speech synthesis so that communication at the
RPM client and the least one patient location is in different languages spoken by
individuals at both the RPM client and the least one patient location.

27.  The system of any one of claims 16 to 26, wherein the at least one networked
monitoring device comprises at least one of a locator that is used to configure a subnet
for the patient locations at one physical location and a mobile patient monitoring cart
that is used to create its own subnet to connect to the network.

28. The system of claim 27, wherein the mobile patient monitoring cart comprises
a camera, a speaker, and at least one physiological measuring device incorporated
into one mobile unit and the mobile patient monitoring cart is deployed to a different
patient location.

29.  The system of any one of claims 16 to 28, wherein the system further comprises
multiple networked monitoring devices and multiple RPM clients to scale the remote
monitoring to cover patient locations in different locations within one building or in

different locations in different buildings including a patient home.

30. The system of any one of claims 16 to 29, wherein the network comprises at
least one of a wired subnet and a wireless subnet that uses at least one of dynamic IP
and static IP.



CA 03133220 2021-09-10

PCT/1IB2020/052964

WO 2020/201969

1121

21018
eleqd

€l

sl Buloluow aned ajoway

\ _SEEQ
Alanoosiqg

VI "Old

~3BUGIS / NYIA | i

8l \

B9l &7
101507

|
|
|
|
_
\_cu yesd "
|
|
|
|

-

.~ Kienossiq

-, .V F
. "
— \\\\,
L
JonIog
oouLR 10S59901 A
uoneaiunwwo) [ d (&> Aowaiy
rAR k Bzl (\ azl &
cl k

v

ol

ONK

[
H

\ _GJQSQ
A1anoosiq

sBo| syealo pue ‘selsWen
‘S101890| 8ABLIAl 0 |dY 1S3y



CA 03133220 2021-09-10

PCT/1IB2020/052964

WO 2020/201969

2121

gl Old

ocl

8¢l

ocl

vel

ccl

0cl

ecl
N

aubug
N9

oLl

saseqele(
9Ll 801l 4N
a|npowl // // //
Indino
YU JoMog aoeJlaU| alempieH
oSN oI/l
s|jepow
Buiuies| sulyoe /
g|npow nun nun Jun
Indu Aowsp J0Ss800.d aoe AW
sweuboud 8Ll -~ 0l -~ ~
wajsAs Bunelsad suibug win
} H O SAROIPRId | ggy A fedsia bLL | womeN
el -~




CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
3/21

f‘52

50

Initialize system

\ F54

RPM client gets video and .
physiological data

4 [~
Detect patient situation requiring
attention
Yes
[* 58
RPM user responds to detected
situation

Contlnue monltorl ng’) ................................

FIG.1C



CA 03133220 2021-09-10

PCT/1IB2020/052964

WO 2020/201969

4/21

00¢

¢ 9Old

90¢

A4



WO 2020/201969

304

CA 03133220 2021-09-10

5/21

308

PCT/1IB2020/052964

310

FIG. 3



CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
6/21

400

re

Foan

Dpaion o

A

Risk Fachors Lamhag

FIG. 4 500

9 - N
Farnnsandy

FIG. 5



CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
7121

600

N Camners Report .

Camernr\ camil

Floor: | Munk?B
oo V1232

Bescrpiion:

FIG. 6



WO 2020/201969

700

702

CA 03133220 2021-09-10

8/21

PCT/1IB2020/052964

FIG.7



CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
9/21

S

ol
ﬁ:’*

b

a§_~.\.\.\§
N M
83
c~§;-;-;§
&é&»‘
.
=3
Ry

e
S
RS

e
el
W%

e

nﬁ\\.\s
LR

FIG.8



WO 2020/201969

900
\

CA 03133220 2021-09-10

10/21

[905

Set up user interface
and display Ul

v

910

Get the camera info
from server and update
the camera list

v

915

User set up the view
port to monitor a
specific camera

-

l [920

Connect to the specific

—»| camerausing RTSP

protocol

Connection

925

Grab the video frame

st PTZ

Pan/Tilt/’Zoom
cameraas user
requested
|

(‘940

¥ from camera and show
itin view port

User adjust camera
| speaker settings?

935

PCT/1IB2020/052964

PT: Patient
PTZ: Pan[Tilt/Zoom

Take mic audio
input and send
over to PT speaker
]

Stop monitoring

the specific PT?

FIG. 9

950




CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
11/21

1000
\

)

Check network status |«

1030
[ 1020

1010

Update assigned IP

IP change?

No 1040
v [

»|Query available cameras

1050 Periodic intervals
[ (20s)

Update camera list

[ 1060

Broadcast to server

FIG. 10



WO 2020/201969

1100
\

CA 03133220 2021-09-10

12121

11

Set up telemonitoring for
PT

PT needs
monitoring?

Yes

Continue monitoring
remotely

PT engages
in self harm?

1130
es [

Telemonitor technician
attempts to redirect PT
verbally

1135

Redirection

successful?

11
No [

Telemonitoring technician calls
<

PCT/1IB2020/052964

PT: Patient
05

End

1125

40

assigned nurse on phone
provided

[Yes

[1150

1145

Nurse
answers
phone?

Nol [1155

Nurse attends to PT &
addresses needs

attend to

Telemonitoring technician calls
nursing station & alerts staff to

PT immediately

Yes

FIG. 11




CA 03133220 2021-09-10

WO 2020/201969
13/21

Set up telemonitoring
for PT

1200
\

[1205

PT needs
monitoring?

Yes

4

Continue monitoring
remotely

PT Sp0O2
level drops
below threshold?

PCT/1IB2020/052964

PT: Patient

(D)

[ 1220

1225

1230
Yes [

Telemonitoring technician calls
assigned nurse on phone
provided

<

Nurse answers
phone?

Yes
l [ 1240

Nol [ 1245

Nurse attends to PT &
addresses needs

Telemonitoring technician calls
nursing station & alerts staff to
attend to PT immediately

Yes

FIG. 12

[ 1250

Staff attends
to PT needs?



WO 2020/201969

1300
\

CA 03133220 2021-09-10

14/21

[1305

Grab video frame from

PCT/1IB2020/052964

IP camera using RTSP [«
protocol

l [1310

Subtract current image
with background image

l [1315

Apply median blur filter

l [1320

Apply threshold filter

l [1325

Apply erosion filter

l [1330

Apply dilation filter

l [1335

Find contours

l [1340

Overlay found contours
onto cumrent image

l [1345

Display current image on

screen

FIG. 13



WO 2020/201969

1400
\

/

Trained ML
model

CA 03133220 2021-09-10

15/21

PCT/1IB2020/052964

Grab video frame
from IP camera
using RTSP
protocol

k—f1410

1405

Calculate plxel class
probabilities

l k/1415

Assign pixel class label to
label of highest probability

l k./ 1420

Extract class regions based

on connected pixels of sam
label

e

l k./1425

Calculate bounding box
around connected regions

l — 1430

Calculate motion contours
(as in Motion flow chart)

l k./1435

Mask motion contours by

bounding boxes for ‘bed’ and

‘person’ classes

\ 4

k.’1440

Display overlay image on
screen

N 1445

FIG. 14




CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
16/21

1500
\ ( Start }

1510

A 4

Gaze direction
from eye tracker

Screen calibration

l \ 1505

Calculate screen pixel

> location from gaze
direction vectors

Reset gaze alert
timer

1520 \_ 1525

Is gaze off screen
or outside camera
viewports?

Yes

v

Accumulate gaze alert

timer
L— 1530

No

Timer reaches limit?

1535

Yes

4

Output audio alertness

prompt
k, 1540

FIG. 15



CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
17/21

10%0 N Start

1610

Receive mobile cart
setup data

v 1620

Associate cameras
with site

¢ 1630

Broadcast camera
information

End

FIG. 16
1700

,‘\‘

1710

FIG. 17



CA 03133220 2021-09-10

WO 2020/201969 PCT/1B2020/052964
18/21

1800

1810

g g

FIG. 18

ot

ST

R

E

R

E

1910

s e, At e

e,

B

1920

FIG. 19



WO 2020/201969

CA 03133220 2021-09-10

19/21
L
o v
ey O
aqy o
o7 S
g 9 8
< L &l
|
]
]

PCT/1IB2020/052964

FIG. 20



CA 03133220 2021-09-10

PCT/1IB2020/052964

WO 2020/201969

20721

ol T T e T T
jensssqo jo | | | L _
[ora7 Buisealou| | I L (7 19ne7) _
‘_OU_wCOO _ _ _ _ _ O‘_mo “_.Cm“_.wcoo _‘_‘ A |
| (. _ | | do(genan)esog— ||
_ _ _ | | |uvonenssqo epispag| 1
\ | N | _ I _
panunuoosIp _ I _ _ "
Sl cmq_wmwzﬁc_ | _ _ ¢ (1noineyaq I I I
am_,.\;,m mmmwwwm _ |1 wuswenoidy NJ | (¢ 19ro) m_m
. d | | 1] '9'l) INJS$S899NS _ _ Bulioyuows|d | hl _ A
| (pareapu ) RN N |
— Buuadey sopisuog pue | | || _ _ "
_ ‘UONUBAIBJU| BNUNUOD I ]I A _ " _
_ x I so
A - |
_ ¢S yby y I _
| _~"‘sioyo Jo Jjas oy wiey N\ |[! L _
INsliey 1 suseouoo fiejes ] _ L _
_ IS 18y} a1y Lo I "
_ b ] _
_ ON “ _ _ _ | ON
| v | _
_ " _ I (1 1one) _
_ uojuSMIGU| NURUODSIA| | | — SUONUSAIIU|  |€ON-
_ I _ _ auIlFsII4 “
! o | _
| ONIYIdY.L | 1| swHveAwIAd |l 1| NOUNIAMANG | |
| |90 NOILVNNIINOOSIA| | 1| 1INJASS3ISSY3Y _ “ 40 NOILYILINI |
I

ON

(0 g 'v :999)
¢ buloyuowgd | 1o}
gleudo.dde waned

SOA

¢SuonuUanIau|
aull-isai4 ey id pig

SOA

$pal
U99q SUONUBAIS|
aull-1sii4 aneH



CA 03133220 2021-09-10

PCT/1IB2020/052964

WO 2020/201969

21121

¢¢ 9Old

{eseyde fi-a) (shuswieduy obenBue| anssasdxs 1o 7 pue sapdassy

{angorradAy 1o angorodAy saune) saueys aanubon Wwaoay A

papsau Usym SHUBISISSE 104 20 0} {80 [0 v asn Aguspusdapu o) Aupgeu| p

Bunopuows|al 104 palepisucs ABucas ag pinoys Bumojo) |y J0 SJ0LUI IO SUC Ll SUoENeoad uone|ost Lo SIUSNBd

Buuoyuowaial 10§ SUCEIBPISUO? [RUCIHPPY -

SISBQ $SBI-AQ-9SED U0 passasse Bupopuowsiay jo sssusreudosdde 810N,

BUM 8187 SAISUBIUY LC PaIRDS| Juaned A
Lysibuzg yeads 10u $00p WBHR £

$50] Bugreay Juesyubis sey janed o

UOISTHUO? I0JPUE WNLIISP "BRUSWSP BI9AS SBY Jusned p

suoneusnjjey Aloupne Sulsixa sey waned p

:Bupioiuowiala ] 104 vua s TOBNoXS ~ 8

UOISIJ8P SiY) Syew OF ajgedesul paisap uaym sdape eops 1suebe Buines) - ysu by 10 Bunspuem Jualsisiag {p
{inoineyaq snssaifibe a|geyAUoIUn SHGIUXD "8'1) SI8yj0 o) weH (&

{apioins 40 ¥su [Adesay eoipaw enuasss Bulncwsl 1) J19s ) wireH {7

Suofetu 12y Jo sy o WBisut Jo x¥oel yim - (31895 e asioN Ag pauuyuod) sirey (1

BLmoio) 54 JO 210LL J0 2U0 10) NSH 4Dy 18 St uaned

:uoneMAIasq O apIspay 10 BuLIopuCWIdIa] 105 CLIBNID - Y




REST API to retrieve locators,
cameras, and create logs

VLAN/ subnét

Discovery /
prﬂfmui

" Locator
«;,/‘ 14a

s 20 10

]

s

Remote patient monitoring client

o

12
~
12b 12a
f f f 12¢ 13
Communication <
Memor
Y [€P] Processor [« Interface Data
Store
Server
o -~ 4 hiS ™
,/’// \\"'\\‘
. L
VLAN S smne? .
Discovery ™ % ™. Discovery
pmtacol/’/ ™, ‘ pmtocoi /

FIG. 1A

.,

Locaior
7 18a




	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - ABSTRACT
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - CLAIMS
	Page 59 - CLAIMS
	Page 60 - CLAIMS
	Page 61 - CLAIMS
	Page 62 - CLAIMS
	Page 63 - CLAIMS
	Page 64 - CLAIMS
	Page 65 - CLAIMS
	Page 66 - CLAIMS
	Page 67 - CLAIMS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS
	Page 71 - DRAWINGS
	Page 72 - DRAWINGS
	Page 73 - DRAWINGS
	Page 74 - DRAWINGS
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - DRAWINGS
	Page 78 - DRAWINGS
	Page 79 - DRAWINGS
	Page 80 - DRAWINGS
	Page 81 - DRAWINGS
	Page 82 - DRAWINGS
	Page 83 - DRAWINGS
	Page 84 - DRAWINGS
	Page 85 - DRAWINGS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - DRAWINGS
	Page 89 - REPRESENTATIVE_DRAWING

