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7) ABSTRACT

A monitoring system includes one or more monitoring
devices configured to detect conditions related to a moni-
tored person and an artificial intelligence module configured
to analyze historical information related to conditions of the
monitored person and current information related to condi-
tions of the monitored person and determine whether to
generate an alert signal based on the analysis. The artificial
intelligence module may also be configured to update the
historical information related to the conditions of the moni-

Int. CIL. tored person based on the current information and responses
A61B 5/00 (2006.01) to the alert signals. The system includes a moveable sensor
A61B 5/145 (2006.01) and a monitored-person identification subsystem.
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MONITORING AND TRACKING SYSTEM,
METHOD, ARTICLE AND DEVICE

BACKGROUND

Technical Field

[0001] The present disclosure relates to systems, methods
and articles for monitoring and tracking systems.

Description of the Related-Art

[0002] Monitoring and tracking systems may employ a
manual or mechanically triggered signal to indicate a moni-
tored premises or a monitored person is in danger or needs
assistance. For example, a button on a necklace may be
pressed to generate a signal indicating a person needs
assistance, or a window may be fitted with a detector to
detect opening of the window. The signal may trigger a
remote alarm.

BRIEF SUMMARY

[0003] Inanembodiment, a monitoring system comprises:
at least one device configured to generate signals indicative
of a safety status of an individual; and a safety status
monitoring module configured to receive the signals indica-
tive of the safety status of the individual and to determine
based on the received signals whether to generate a safety
alert regarding the safety status of the individual and, when
it is determined to generate a safety alert, to cause the safety
alert to be generated and transmitted. In an embodiment, the
at least one device includes one or more devices selected
from: a location sensor; a thermal sensor; a health status
monitoring device; an image capture device; and a video
capturing device. In an embodiment, the at least one device
is communicatively coupled with remote servers configured
to implement the safety status monitoring module. In an
embodiment, the at least one device includes a device
configured to perform voice communications. In an embodi-
ment, the device configured to perform voice communica-
tions is configured to be activated in response to a determi-
nation to activate a safety alert.

[0004] In an embodiment, a method comprises: monitot-
ing indications of a safety condition of an individual; and
generating a safety alert based on the monitored indications.
In an embodiment, the monitoring indications includes
monitoring at least one device selected from: a location
sensor; a thermal sensor; a health status monitoring device;
and a video capturing device. In an embodiment, the at least
one device is communicatively coupled with remote servers
configured to perform the monitoring and the generating. In
an embodiment, the method comprises initiating voice com-
munications in response to a safety alert. In an embodiment,
a non-transitory computer-readable medium contents are
configured to cause one or more devices to perform one or
more methods disclosed herein.

[0005] In an embodiment, a system comprises: means for
monitoring indications of a safety condition of an individual,
and means for generating a safety alert based on the moni-
tored indications.

[0006] In an embodiment, a safety monitoring system
comprises: one or more sensors configured to generate at
least one signal indicative of a current condition related to a
safety status of a person; and one or more processing devices
configured to: determine a safety status of the person based
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on the at least one signal indicative of the current condition
and stored information related to the safety status of the
person; update the stored information related to the safety
status of the person based on the at least one signal indica-
tive of the current condition; and when the determined safety
status indicates the person may be in danger: initiate one or
more actions based on the determined safety status; monitor
responses to the one or more initiated actions; and update the
stored information related to the safety status of the person
based on the monitored responses. In an embodiment, the
one or more initiated actions comprise one or more of:
generating an alert signal to the person; transmitting a signal
to a remote server; and generating an alert message based on
stored contact information. In an embodiment, the one or
more sensors include at least one of: a location sensor; a
thermal sensor; a health status monitoring device; a motion
sensor; a facial recognition sensor; and a video capturing
device. In an embodiment, a sensor may sense one or more
of a temperature, a pulse, a breathing state (e.g. breathing
rate, breathing depth), a heart rate, motion, objects, images,
etc. In an embodiment, the safety monitoring system com-
prises a device configured to perform voice communica-
tions. In an embodiment, the stored information comprises
property identifiers indicative of conditions and the one or
more processing devices comprise an artificial intelligence
module configured to compare the at least one signal to the
stored property identifiers and to determine the safety status
of the person based on the comparison. In an embodiment,
the determining the safety status comprises determining a
position of a property identifier on a characteristic property-
identifier curve based on the at least one signal. In an
embodiment, the curve is a Bell curve. In an embodiment,
the characteristic Bell curve is based on stored property
identifiers indicative of the characteristic. In an embodiment,
the characteristic Bell curve is related to one or more of: an
object identifier; a location identifier; a position identifier; a
time identifier; a sound identifier; a motion identifier; a
physical status identifier; and an emotional identifier. In an
embodiment, the determining the safety status comprises
determining whether the position is within one or more
threshold deviations from a mean of the Bell curve. In an
embodiment, the stored information includes an initial data
set and updating the stored information comprises adding
data to the initial data set. In an embodiment, the initial data
set is a generic data set not specific to the person. In an
embodiment, one or more of the sensors may be mounted on
amobile device (e.g., a robot), which, in operation, identifies
a person to monitor (e.g., using one or more sensors and
stored identification information, such as facial recognition
data, physical shape data, other personal data) and follows
the identified monitored person as the monitored person
moves around. In an embodiment, the robot may have a
defined area in which to follow the monitored person around
(e.g., inside a house or an apartment).

[0007] In an embodiment, the monitoring system includes
a camera which, in operation, follows a monitored body
around a house. In an embodiment, the camera uses a wide
angle lens. In an embodiment, the system settings are
selected (such as a lens to use, focus settings, sensing time
frames) to use based on monitoring conditions or desired
characteristics to monitor (e.g., distance to the monitored
person, data to be sensed (e.g., temperature, body position,
breathing rate, breathing depth, heart rate, etc.)). In an
embodiment, the camera is mounted to a moveable support
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(e.g., a robot), which, in operation, moves or follows the
monitored person based on detected motion and/or other
information.

[0008] In an embodiment, the system comprises one or
more motion sensors and one or more thermal sensors,
wherein in operation, the thermal sensors are activated and
deactivated based on information sensed by the motion
sensors. In an embodiment, the system comprises one or
more motion sensors and one or more image sensors,
wherein in operation, the image sensors are activated and
deactivated based on information sensed by the motion
Sensors.

[0009] In an embodiment, the system identifies a person to
be monitored based on one or more of facial recognition
techniques, body temperature, body type/shape, other bio-
logical indicators, etc. This facilitates identifying a person to
monitor when more than one person is in a monitored
location. For example, a house having more than one
occupant when only one occupant is to be monitored (e.g.,
an occupant having diabetes or other health issues who may
be unable to summon assistance in a medical emergency).
[0010] In an embodiment, the system includes a robot
which follows a person to be monitored (e.g., a senior, a
patient) and includes one or more of an image sensor which
senses images at a wide angle or selectable angles, an
infrared sensor, facial recognition subsystems, etc. to facili-
tate identifying and monitoring the person to be monitored.
In an embodiment, the system may provide medication to
the patient, monitor patient medication intake, measure
blood pressure, measure glucose content, measure heart rate,
etc. (with or without using a robot in an embodiment having
a robot).

[0011] In an embodiment, a system comprises a combina-
tion of mounted sensors (e.g., a camera or motion sensor
mounted on a wall) and mobile sensors (e.g., one or more
sensors carried by a person to be monitored, one or more
sensors mounted to one or more robots). For example, an
entry way or staircase may have a mounted sensor, a first
floor may have a first robot, a second floor may a second
robot, etc., and various combinations thereof.

[0012] In an embodiment, a method comprises: receiving
at least one signal indicative of a current condition related to
a safety status of a person; determining, using at least one
processing device, a safety status of the person based on the
at least one signal indicative of the current condition and
stored information related to the safety status of the person;
updating, using the at least one processing device, the stored
information related to the safety status of the person based
on the at least one signal indicative of the current condition;
and when the determined safety status indicates the person
may be in danger: initiating one or more actions based on the
determined safety status; monitoring responses to the one or
more initiated actions; and updating the stored information
related to the safety status of the person based on the
monitored responses. In an embodiment, the one or more
initiated actions comprise one or more of: generating an alert
signal to the person; transmitting a signal to a remote server;
and generating an alert message based on stored contact
information. In an embodiment, the at least one signal
includes at least one of: a signal indicative of a location of
the person; a signal indicative of a temperature; a signal
indicative of a health status of the person; and an imaging
signal. In an embodiment, the stored information comprises
property identifiers indicative of conditions and the at least
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one processing device comprises an artificial intelligence
module configured to compare the at least one signal to the
stored property identifiers and to determine the safety status
of the person based on the comparison. In an embodiment,
the determining the safety status comprises determining a
position of a property identifier on a characteristic Bell curve
based on the at least one signal. In an embodiment, the
characteristic Bell curve is based on stored property identi-
fiers indicative of the characteristic. In an embodiment, the
characteristic Bell curve is related to one or more of: an
object identifier; a location identifier; a position identifier; a
time identifier; a sound identifier; a motion identifier; a
physical status identifier; and an emotional identifier. In an
embodiment, a non-transitory computer-readable medium
contents configure a safety monitoring system to perform a
method, the method comprising: receiving at least one signal
indicative of a current condition related to a safety status of
a person; determining a safety status of the person based on
the at least one signal indicative of the current condition and
stored information related to the safety status of the person;
updating the stored information related to the safety status of
the person based on the at least one signal indicative of the
current condition; and when the determined safety status
indicates the person may be in danger: initiating one or more
actions based on the determined safety status; monitoring
responses to the one or more initiated actions; and updating
the stored information related to the safety status of the
person based on the monitored responses.

[0013] In an embodiment, a system comprises: means for
generating at least one signal indicative of a current condi-
tion related to a safety status of a person, means for
determining a safety status of the person based on the at least
one signal indicative of the current condition and stored
information related to the safety status of the person; means
for updating the stored information related to the safety
status of the person based on the at least one signal indica-
tive of the current condition; and means for, when the
determined safety status indicates the person may be in
danger, initiating one or more actions based on the deter-
mined safety status; monitoring responses to the one or more
initiated actions; and updating the stored information related
to the safety status of the person based on the monitored
responses.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0014] FIG. 1 is a functional block diagram of an embodi-
ment of an environment suitable for providing monitoring
and tracking services.

[0015] FIG. 2 is a functional block diagram of an embodi-
ment of an environment suitable for providing monitoring
and tracking services.

[0016] FIG. 3 is a flow diagram of a method of monitoring
a location of a person.

[0017] FIG. 4 is a functional block diagram of an embodi-
ment of an environment suitable for providing monitoring
and tracking services.

[0018] FIG. 51is a flow diagram of a method of monitoring
a health condition of a person.

[0019] FIG. 6 is a functional block diagram of an embodi-
ment of an environment suitable for providing monitoring
and tracking services.

[0020] FIG. 7 is a flow diagram of a method of monitoring
a person based on thermal images.
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[0021] FIG. 8 is a functional block diagram of an embodi-
ment of an environment suitable for providing monitoring
and tracking services.

[0022] FIG.9is a flow diagram of a method of monitoring
a person based on video images.

[0023] FIG. 10 is a functional block diagram of an
embodiment of an environment suitable for providing moni-
toring and tracking services.

[0024] FIG. 11 is an illustration of an example property-
identifier curve.

[0025] FIG. 12 illustrates example zone and spot based
temperature curves.

[0026] FIG. 13 illustrates an embodiment of a system and
an embodiment of a method of operating a system, such as
the various systems described herein, to monitor an indi-
vidual.

[0027] FIG. 14 is an illustration of monitoring breathing
rate using remote sensing technology.

DETAILED DESCRIPTION

[0028] In the following description, certain details are set
forth in order to provide a thorough understanding of various
embodiments of devices, systems, methods and articles.
However, one of skill in the art will understand that other
embodiments may be practiced without these details. In
other instances, well-known structures and methods associ-
ated with, for example, mobile devices such as smart
phones, GPS devices and systems, computing systems,
telecommunication networks, web browsers, web servers,
etc., have not been shown or described in detail in some
figures to avoid unnecessarily obscuring descriptions of the
embodiments.

[0029] Unless the context requires otherwise, throughout
the specification and claims which follow, the word “com-
prise” and variations thereof, such as “comprising,” and
“comprises,” are to be construed in an open, inclusive sense,
that is, as “including, but not limited to.”

[0030] Reference throughout this specification to “one
embodiment,” or “an embodiment” means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrases “in one embodiment,”
or “in an embodiment” in various places throughout this
specification are not necessarily referring to the same
embodiment, or to all embodiments. Furthermore, the par-
ticular features, structures, or characteristics may be com-
bined in any suitable manner in one or more embodiments
to obtain further embodiments.

[0031] The headings are provided for convenience only,
and do not interpret the scope or meaning of this disclosure
or the claimed invention.

[0032] The sizes and relative positions of elements in the
drawings are not necessarily drawn to scale. For example,
the shapes of various elements and angles are not drawn to
scale, and some of these elements are enlarged and posi-
tioned to improve drawing legibility. Further, the particular
shapes of the elements as drawn are not necessarily intended
to convey any information regarding the actual shape of
particular elements, and have been selected solely for ease
of recognition in the drawings.

[0033] Embodiments of systems and methods in which
electronic devices such as monitoring and tracking devices
are described herein.
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[0034] The following discussion provides a brief, general
description of a suitable computing environment in which
the embodiments described herein may be implemented.
Although not required, various embodiments will be
described in the general context of computer-executable
instructions, such as program application modules, objects,
or macros being executed by one or more electronic devices,
such as a monitoring and tracking device, a smart phone, a
personal computer, a server, etc., and various combinations
thereof. Those skilled in the relevant art will appreciate that
various embodiments can be practiced with other computing
system configurations, including other handheld devices,
multiprocessor systems, microprocessor-based or program-
mable consumer electronics, networked personal computers
(PCs), minicomputers, mainframe computers, virtual sys-
tems, and the like. Various embodiments can be practiced in
distributed computing environments where tasks or modules
are performed by remote processing devices, which are
linked through a communications network. In a distributed
computing environment, program modules may be located
in both local and remote memory storage devices.

[0035] For people with mobility difficulties due to disabil-
ity, injury, illness or cognitive impairment (Alzheimer’s,
dementia, memory loss, etc.), daily functioning can be a
constant challenge, with serious risks and potentially deadly
consequences. Naturally, friends and relatives of these
people are concerned for their welfare and would like to
know when help is needed.

[0036] An embodiment of a monitoring system provides a
tracking and monitoring record and transmits information to
the concerned relatives/parties. In an embodiment, an alert is
generated and provided to designated entities, such as
friends and families (concerned parties) or devices associ-
ated with such parties when there is an indication the
monitored person is in a situation where assistance might be
needed. These alerts can be sent to any devices that are
capable of receiving electronic messages, such as computers
(all kinds), cell phones, hand held devices, personal call/
voice messages, pagers, etc. Concerned parties can also use
any digital device to access the secure record from a
datacenter, or use the Internet to access the status record of
the monitored person.

[0037] In an embodiment, the monitoring system com-
prises five components:

[0038] A) Geo system—a sensing device that tracks the
monitored person’s location or position;

[0039] B) Health tracking system—monitors changes in
one or more of the person’s basic vital signs;

[0040] C) Thermal system—a thermal image monitoring
system (infrared sensor);

[0041] 1) an Al image recognition system to analyze and
determine the status of the human “object” (e.g., sitting,
standing, reading, fighting, fallen, crawling on the floor,
etc.);

[0042] 1) a human monitoring group to determine the
status of the monitored person;

[0043] D) Image system—a full video monitoring system.
This includes three analytical systems:

[0044] i) an Al image recognition system to analyze and
determine the status of the human “object” (e.g., sitting,
standing, reading, fighting, fallen, crawling on the floor,
etc.);

[0045] 1ii) a human monitoring group to determine the
status of the monitored person;
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[0046] iii) a movement detection system to detect move-
ment of the monitored person;

[0047] E) Both Thermal and Image system—This system
may be used when a client desires a system with both private
circumstance like a bathroom and regular open area like a
living room.

[0048] An embodiment may include fewer or more of
components, and various combinations of components. The
following describes example embodiments of these catego-
ries:

[0049] A) Geo system—detects person’s location within
their environment, and if they try to leave a defined area.
[0050] A sensing device is attached to the monitored
person. In the primary monitored location (property/resi-
dence), a different receiver will be installed to detect the
person’s location. This information will be recorded with a
time stamp of how long they spent in each area, and sent to
a central processing system where it is stored in the status
database.

[0051] An “alert” notification will be sent when a person
is in a dangerous situation, which is determined based on
algorithm settings customized by the client. Various defini-
tions of an alert/danger status may be employed. The defi-
nition of an alert/danger status may be different from situ-
ation to situation and from person to person, but could
include conditions such as the person leaving the building or
staying in bathroom for more than an hour.

[0052] Therefore, in an embodiment, the client/customer
will be able to specify the parameters of what constitutes a
dangerous situation, and when those conditions are met, a
central processing system will send out an alert message to
the necessary parties in any digital format (voice mail, phone
text messages, email, SMS, IM, etc.) The scenario of when
(and how long) to send the alert may be purely determined
by the client.

[0053] The sensing device could be anything attached to
the body, such as an implant chip under the skin, a bracelet,
a necklace, an electronic coding device glued to fingernail or
toenail, etc. In an embodiment, detection of a location of a
monitored person may be performed using other data, such
as thermal imaging data from one or more thermal sensors,
video imaging data from one or more image capturing
devices; sonar data from one or more sonar imaging devices;
etc.

[0054] FIG. 1 shows an embodiment of a system 100
configured to monitor a location of a person. As illustrated,
the system 100 has a sensing device 102 which may be
attached to the person and configured to sense a location of
the person or to send out signals from which the location of
the person can be determined. As illustrated, the sensing
device 102 sends out a signal to one or more detectors 104,
for example, periodically. The sensing device 102 may
comprise one or more antennas for communicating with the
detectors 104. The detectors 104 receive the signals from the
sensor 102 and forward the signals to a transceiver 106
which is communicatively coupled to a central processing
system 108. The central processing system 108 has one or
more processors P, one or more memories 110 and one or
more data bases, such as a database 112 indicating a record
status in the central processing system 108, and may be
configured to process the signals to determine the person’s
location at various time periods and based on the person’s
location at the various time periods, determine whether there
is a likelihood the person needs assistance. The determina-
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tions may be based on other criteria and data as well as
location related data, such as a time of day, accrued or
snapshots of time in a particular location (e.g., too much
time in the bathroom in a single time period, too much
cumulative time in a bathroom in a window of time, too little
time in the bathroom, too much time elapsed between visits
to a location such as the kitchen, etc.) day of the week, other
sensor signals (such as signals indicative of a vital sign,
temperature, breathing rate, breathing depth, heart rate,
blood sugar level), etc. The various communication links
may be wired or wireless. The central processing system 108
includes an artificial intelligence processor 114 configured to
implement learning algorithms as discussed in more detail
elsewhere herein. The central processing system 108 also
includes an interface 116 that may be employed to configure
the system 100, for example by providing initial parameters,
configuration information, override commands, etc., to the
central processing system 108. As illustrated, the system 100
comprises a network 118 configured to communicatively
couple the system 100 to one or more remote communica-
tion centers 120. The network 118 may be configured to
provide secure communications.

[0055] FIG. 2 shows an embodiment of an environment
200 that may be employed to monitoring and tracking as
described herein. The environment 200 includes a comput-
ing system 10. For example, the computing system 10 may
be configured as a tracking and monitoring system, a host
server, such as a security services server, a communications
server, etc. The computing system 10 may, for example, be
operated by a service providing monitoring services and
related goods and services to a consumer, by a consumer
purchasing such goods or services from a service, by a
vendor, such as a telecom service provider, an Internet
service provider), etc. The computing system 10 may take
the form of any of the variety of types discussed above,
which may run a networking client, for example a server, a
Web browser, etc. The computing system 10 comprises a
processor unit 12, a system memory 14 and a system bus 16
that couples various system components including the sys-
tem memory 14 to the processing unit 12. The processing
unit 12 may be any logical processing unit, such as one or
more central processing units (CPUs), digital signal proces-
sors (DSPs), application-specific integrated circuits (ASIC),
state machine, fuzzy-logic modules, etc., and various com-
binations thereof. Unless described otherwise, the construc-
tion and operation of the various blocks shown in FIG. 2 are
of conventional design. As a result, such blocks need not be
described in further detail herein, as they will be understood
by those skilled in the relevant art.

[0056] The system bus 16 can employ any known bus
structures or architectures, including a memory bus with
memory controller, a peripheral bus, and/or a local bus. The
system memory 14 includes read-only memory (“ROM”) 18
and random access memory (“RAM”) 20. A basic input/
output system (“BIOS”) 22, which can form part of the
ROM 18, contains basic routines that help transfer informa-
tion between elements within the computing system 10, such
as during startup.

[0057] The computing system 10 also includes one or
more spinning media memories such as a hard disk drive 24
for reading from and writing to a hard disk 25, and an optical
disk drive 26 and a magnetic disk drive 28 for reading from
and writing to removable optical disks 30 and magnetic
disks 32, respectively. The optical disk 30 can be a CD-
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ROM, while the magnetic disk 32 can be a magnetic floppy
disk or diskette. The hard disk drive 24, optical disk drive 26
and magnetic disk drive 28 communicate with the process-
ing unit 12 via the bus 16. The hard disk drive 24, optical
disk drive 26 and magnetic disk drive 28 may include
interfaces or controllers coupled between such drives and
the bus 16, as is known by those skilled in the relevant art,
for example via an IDE (Integrated Drive Electronics)
interface. The drives 24, 26 and 28, and their associated
computer-readable media, provide nonvolatile storage of
computer-readable instructions, data structures, program
modules and other data for the computing system 10.
Although the depicted computing system 10 employs hard
disk 25, optical disk 30 and magnetic disk 32, those skilled
in the relevant art will appreciate that other types of spinning
media memory computer-readable media may be employed,
such as, digital video disks (DVD), Bernoulli cartridges, etc.
Those skilled in the relevant art will also appreciate that
other types of computer-readable media that can store data
accessible by a computer may be employed, for example,
non-spinning media memories such as magnetic cassettes,
flash memory cards, USB sticks, solid state memories,
RAMs, ROMs, smart cards, etc.

[0058] Program modules can be stored in the system
memory 14, such as an operating system 34 (for example,
Windows, Android, Mac OS, 108, etc), one or more appli-
cation programs 36, other programs or modules 38, and
program data 40. The system memory 14 also includes a
server 41 for permitting the computing system 10 to
exchange data with sources such as Websites of the Internet,
corporate intranets, or other networks, as well as other server
applications on server computers. The server 41 may be
markup language based, such as hypertext markup language
(HTML), and operate with markup languages that use syn-
tactically delimited characters added to the data of a docu-
ment to represent the structure of the document, etc.

[0059] While shown in FIG. 2 as being stored in the
system memory 14, the operating system 34, application
programs 36, other program modules 38, program data 40
and server 41 can be stored on the hard disk 25 of the hard
disk drive 24, the optical disk 30 and the optical disk drive
26 and/or the magnetic disk 32 of the magnetic disk drive 28,
a solid state memory, etc. A user can enter commands and
information to the computing system 10 through input
devices such as a keypad or keyboard 42 and a pointing
device such as a mouse 44. Other input devices can include
a microphone, joystick, game pad, scanner, touch screen,
card reader, chip reader, etc. These and other input devices
as illustrated are connected to the processing unit 12 through
an interface 46 such as a serial port interface that couples to
the bus 16, although other interfaces such as a parallel port,
a game port or a universal serial bus (USB) can be used. A
display or monitor 48 or other display devices may be
coupled to the bus 16 via video interface 50, such as a video
adapter. The computing system 10 can include other output
devices such as speakers, printers, etc.

[0060] The computing system 10 can operate in a net-
worked environment using logical connections to one or
more repositories 6 and/or other computing systems 8a-8.
The computer system 10 may employ any known means of
communications, such as through a local area network
(LAN) 52 or a wide area network (WAN), a telecommuni-
cations network or the Internet 54. Such networking envi-
ronments are well known and may include, for example, any
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type of telecommunications network or other network, such
as CDMA, OFDMA, GSM, WiMAX, VoIP, WiFi, Internet
Protocol, various IEEE standard protocols, etc.

[0061] When used in a LAN networking environment, the
computing system 10 may be coupled to the LAN 52
through an adapter or network interface 56 (communica-
tively linked to the bus 16). When used in a WAN network-
ing environment, the computing system 10 often includes a
device, such as a modem 57, a mobile phone communication
module or other device for establishing communications
over the WAN/Internet 54. As illustrated, a modem 57 is
shown in FIG. 2 as communicatively linked between the
interface 46 and the WAN/Internet/Telecommunications net-
work 54. In a networked environment, program modules,
application programs, or data, or portions thereof, can be
stored in a server computer (for example, another configured
computing system similar to the computing system 10).
Those skilled in the relevant art will readily recognize that
the network connections shown in FIG. 2 are only some
examples of establishing communication links between
computers and/or other systems and devices 60, and other
links may be used, including wireless links. The devices may
include, for example, sensors and monitors (see FIGS. 1, 3,
5,7 and 9).

[0062] The computing system 10 may include one or more
interfaces such as slot 58 to allow the addition of devices
either internally or externally to the computing system 10.
For example, suitable interfaces may include ISA (Industry
Standard Architecture), IDE, PCI (Personal Computer Inter-
face) and/or AGP (Advance Graphics Processor) slot con-
nectors for option cards, serial and/or parallel ports, USB
ports (Universal Serial Bus), audio input/output (I/0) and
MIDJI/joystick connectors, slots for memory, credit card
readers, scanners, bar code readers, RFID readers, etc.,
collectively referenced as 60.

[0063] The term computer-readable medium as used
herein refers to any medium that participates in providing
instructions to processor unit 12 for execution. Such a
medium may take many forms, including but not limited to,
non-volatile media, and volatile media. Non-volatile media
includes, for example, hard, optical or magnetic disks 25, 30,
32, respectively. Volatile media includes dynamic memory,
such as system memory 14.

[0064] Common forms of computer-readable media
include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, or any other magnetic medium, a CD-ROM,
any other optical medium, punch cards, paper tape, any other
physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, any other memory chip or
cartridge, as described hereinafter, or any other medium
from which a computer can read.

[0065] Various forms of computer readable media may be
involved in carrying one or more sequences of one or more
instructions to processor unit 12 for execution. For example,
the instructions may initially be carried on a magnetic disk
of a remote computer. The remote computer can load the
instructions into its dynamic memory and send the instruc-
tions over a telephone line using a modem. A modem 57
local to computer system 10 can receive the data on the
telephone line and use an infrared transmitter to convert the
data to an infrared signal. An infrared detector coupled to the
system bus 16 can receive the data carried in the infrared
signal and place the data on system bus 16. The system bus
16 carries the data to system memory 14, from which
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processor unit 12 retrieves and executes the instructions. The
instructions received by system memory 14 may optionally
be stored on storage device either before or after execution
by processor unit 12.

[0066] The repository 6 is a permanent storage medium
for data. The repository 6 may be specific to each end user,
or shared between some or all end users. For example,
different services vendors or concerned parties (for example,
family members or health care providers) may have separate
repositories or may share repositories. The repository 6
(only one illustrated) may run on the same computing
system as an application accessing the repository, or on
another computing system accessible over the network 52,
54, or on a network of distributed repositories.

[0067] Embodiments of the computing system 10 of FIG.
2 may not include all of the illustrated components of the
computing system 10, may contain additional components
not shown in FIG. 2, and may not be configured as shown
in FIG. 2. For example, a computing system 10 configured
as home monitoring system (see FIG. 1), may not include an
optical disk drive and may include an application specific
integrated circuit or a digital signal processor (not shown) to
perform one or more of the functions of the home monitor-
ing system. In another example, a detector or transceiver
may include one or more telecommunications modules to
handle call processing, such as CDMA, OFDMA, GSM,
etc., call processing.

[0068] FIG. 3 is a flow diagram of an embodiment of a
method 300 of monitoring a person’s location, for example
to determine whether there is an indication the person may
need assistance based on information related to the person’s
location. As illustrated, the method 300 determines whether
there is an indication the person is safe or needs assistance.
The method starts at block 302. At block 304, the method
300 gathers location related information and proceeds at
block 306 to determine based on the gathered information
whether there is an indication the person needs assistance.
The determination may be based on the absence of infor-
mation, the change or lack of change of the information,
other information (for example, vital signs, information
about the person’s physical orientation, time of day, move-
ment history), etc. Artificial intelligence algorithms may be
employed to maintain (e.g., update, adjust, etc.) the criteria
for determining whether the person is safe. When it is not
determined that there is an indication the person needs
assistance (as illustrated, when it is determined the person is
safe), the method 300 proceeds to block 308 to update status
information in a database, for example, to indicate that at a
particular time the person is in a particular location. The
method 300 proceeds from block 308 to block 304.

[0069] When it is determined at block 306 that there is an
indication the person may need assistance (as illustrated, a
determination the person is unsafe), the method 300 pro-
ceeds block 310 to take appropriate action in response, such
as generating and transmitting alert notices to concerned
parties (e.g., family and friends via designated devices),
generating signals to initiate other actions (e.g., turning on
lights, turning off a stove, etc.). The method 300 then
proceeds to block 308 to update status information, as
discussed above. The method 300 proceeds from block 308
to block 304. The embodiment of the system 100 of FIG. 1
and the embodiment of the system 200 of FIG. 2 may be
configured to perform all or part of the method 300. Other
systems (e.g., the system 400 of FIG. 4) and various com-
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binations of systems or components thereof, may be
employed to implement all or part of the method 300 of FIG.
3.

[0070] FIG. 4 shows an embodiment of a system 400
configured to monitor a health status of a person. In an
embodiment, a health tracking system 400 monitors an
overall health condition by tracking a range of person’s vital
signs. For example, a wrist-strap sensor 402 keeps track of
heart/breathing rate, blood oxygen, temperature, blood pres-
sure, etc. Data is sent to the central processing system 408,
and alerts are generated if any readings change dramatically
or enter a “danger zone,” or are inconsistent with past
behavior patterns. For example, body temperatures or
changes in body temperature or characteristic body tempera-
ture histograms or other histograms (e.g., movement histo-
grams, combined histograms) may indicate the existence of
a medical emergency, such as a diabetic coma. For another
example, heart/breathing rate is monitored using artificial
intelligence (Al) and remote sensing technologies. F1G. 14
is an illustration of monitoring breathing rate using remote
sensing technology. Changes in breathing rate or character-
istic breathing rate histograms may indicate the existence of
a medical emergency. Another example is collecting data
using different sensors during sleep in bed, like sweeting,
heart rate, body temperature, sleeping cycle (REM (rapid
eyes movement) sleep, NREM (non-rapid eyes movement)
sleep, deep sleep, light sleep, etc.), breath rate, blood pres-
sure. It should be understood that any sensor that is capable
of collecting body characteristic data can be used in the
method and system of the present disclosure. In another
example, sensed data and data histories may be combined to
determine whether a medical emergency is indicated. For
example, body and location position information may indi-
cate a monitored person is taking a bath. In such a circum-
stance, a temperature inconsistent with taking a bath, a
duration longer than an expected duration, etc., may genet-
ate a danger situation. In another example, a person who
normally takes a three hour nap in the afternoon on the
couch might trigger an alert when sensed data indicates a
nap is lasting a threshold period of time longer than a typical
nap, when the sensed data indicates an unexpected tempera-
ture or temperature change, etc. An “alert” status will be sent
out when it is determined a person is in a “danger” situation.
As illustrated, the system 400 has a sensing device 402
which may be attached to the person and configured to sense
one or more indications of a person’s health, such as one or
more vital signs. As illustrated, the sensing device 402 sends
out a signal to one or more detectors 404, for example,
periodically. The detectors 404 receive the signals from the
sensor 402 and forward the signals to a transceiver 406
which is communicatively coupled to a central processing
system 408. The central processing system 408 has one or
more processors P, one or more memories 410 and one or
more data bases 412, and may be configured to process the
signals to determine an indication of the person’s health
status at various time periods and based on signals received
regarding the person’s health, such as indicators of a per-
son’s heart/breathing rate, blood oxygen, temperature, blood
pressure, blood sugar levels, etc. This determination may be
used to determine whether there is an indication the person
needs assistance. The determinations may be based on other
criteria and data, such as information and criteria discussed
above with respect to FIG. 1. Other sensors, such as location
sensors, may be employed in some embodiments. The



US 2019/0380662 A1

system 400 may employ an artificial intelligence (AI) pro-
cessing module 414 to analyze received data and stored
records to determine whether an alert status should be
indicated. The system 400 has a configuration interface 416
configured to provide configuration information to the sys-
tem 400.

[0071] FIG. 5 is a flow diagram of an embodiment of a
method 500 of monitoring indications of a person’s health
status, for example to determine whether there is an indi-
cation the person may need assistance based on information
related to the person’s health status. As illustrated, the
method 500 determines whether there is an indication the
person is safe or unsafe. The method 500 starts at block 502
and proceeds to block 504. At block 504, the method 500
gathers health related information and proceeds at block 506
to determine based on the gathered information whether
there is an indication the person needs assistance. The
determination may be based on the absence of information,
the change or lack of change of the information, other
information (for example, location information, information
about the person’s physical orientation, time of day), etc.
When it is not determined that there is an indication the
person needs assistance (as illustrated, when it is determined
the person is safe), the method 500 proceeds to update status
information in a database at block 508, for example, to
indicate that at a particular time the person is in a particular
location and has a particular physical orientation.

[0072] When it is determined at block 506 that there is an
indication the person may need assistance (as illustrated, a
determination the person is unsafe), the method 500 pro-
ceeds to generate and transmit alert notices to concerned
parties (e.g., family and friends via designated devices)
and/or to take other actions as appropriate (e.g., turn on
lights, turn off a stove, turn off water, lock or unlock a door,
open or close a door or window, etc). The method 500 then
proceeds to block 508 to update status information, as
discussed above. The method 500 proceeds from block 508
to block 504.

[0073] The embodiment of the system 100 of FIG. 1, the
embodiment of the system 200 of FIG. 2, and the embodi-
ment of the system 400 of FIG. 4, may be configured to
perform all or part of the method 500. Other systems (e.g.,
the system 600 of FIG. 6), and various combinations of
systems or components thereof may be employed to imple-
ment all or part of the method 500 of FIG. 5.

[0074] FIG. 6 shows an embodiment of a system 600
configured to monitor whether a person needs assistance
based on thermal imaging. In an embodiment, a thermal
image monitoring system 600 employs one or more infrared
sensors 602. For example, a number of strategically placed
thermal cameras may be installed on a property. Recorded
status may be sent to the central processing system database
612, and any status changes may be recorded with time
stamps. In an embodiment no personal identification may be
stored in this system, ensuring that the privacy of the person
will be protected. An “alert” status will be sent out when it
is determined there is an indication the person is in a
“danger” situation. For example, it may be determined
whether there is an indication the person is in danger using
various analysis systems immediately after images have
been recorded as follows:

[0075] 1) An Al image recognition system 614 may be
configured to analyze and determine the status of the human
“object” (sitting, standing, reading, fighting, fallen, crawling
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on the floor, not moving, etc.). An alert status may be sent
when the algorithms detect that the person could be in a
“danger” situation.

[0076] ii) A human monitoring analysis person (e.g., a
doctor, nurse) or group (e.g., nurses, nurse aides) may
monitor the images, and members may note any changes in
the status of the images. The group may also determine
whether the conditions constitute a “danger” situation, in
which case an alert may be sent out. In an embodiment,
permission may be required for human monitoring. In some
embodiments, data in addition to or instead of images may
be made available for remote monitoring. Such approaches
may be less invasive that summing assistance to the moni-
tored individual’s residence.

[0077] iii) A combined approach, for example, an auto-
mated system that sends alerts to a human monitoring
analysis group. For example, the monitoring system may
also be configured to flag particular images or image
sequences for review by the monitoring analysis group.

[0078] As illustrated, the thermal sensing device(s) 602
send out a signal to one or more transceivers 606, for
example, periodically. The transceiver 606 is communica-
tively coupled to a central processing system 608. The
central processing system has one or more processors P, one
or more memories 610 and one or more data bases 612, and
may be configured to process the signals to determine an
indication of the person’s orientation at various time periods
and based on signals or images received related to the
person’s orientation (e.g., sitting, standing, reading, fighting,
sleeping, crawling, bathing, etc.). This determination may be
used to determine whether there is an indication the person
needs assistance. The determinations may be based on other
criteria and data, such as information and criteria discussed
above with respect to FIG. 1. Other sensors, such as location
sensors, health status sensors, other orientation sensors, may
be employed in some embodiments. It is noted that the
thermal image sensors may provide location sensing and
health status information (such as temperature and breathing
rates, etc.) without being physically coupled to the person
whose status is being monitored. The system 600 comprises
a configuration interface 616 (e.g., a keyboard, a Bluetooth
receiver, etc.) to facilitate configuration of the system 600.
Distributed systems may be employed (e.g., web-based Al
servers).

[0079] FIG. 7 is a flow diagram of an embodiment of a
method 700 of monitoring indications of a person’s safety
based on thermal images, for example to determine whether
there is an indication the person may need assistance based
on information related to the person’s location, physical
orientation, health status, etc. As illustrated, the method 700
determines whether there is an indication the person is safe.
The method starts at block 702 and proceeds to block 704 to
gather thermal images and extracts information therefrom
and proceeds to determine at block 706 based on the
gathered images and extracted information whether there is
an indication the person needs assistance. The determination
may be based on the absence of information, the change or
lack of change of the information, other information (for
example, other location information, other health-status
information, time of day), etc. When it is not determined that
there is an indication the person needs assistance (as illus-
trated, when it is determined the person is safe), the method
700 proceeds to block 708 to update status information in a
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database, for example, to indicate that at a particular time the
person is in a particular location, has a particular orientation,
etc.

[0080] When it is determined at block 706 that there is an
indication the person may need assistance (as illustrated, a
determination the person is unsafe), the method 700 pro-
ceeds at block 710 to generate and transmit alert notices to
concerned parties (e.g., family and friends via designated
devices) and/or to take other action as appropriate (e.g.,
asking the person if they are alright before triggering an
alarm). The method 700 then proceeds to block 708 update
status information, as discussed above, The method 700
proceeds from block 708 to block 704.

[0081] The embodiment of the system 600 of FIG. 6, the
embodiment of the system 200 of FIG. 2, and the embodi-
ment of the system 400 of FIG. 4 may be configured to
perform all or part of the method 700. Other systems (e.g.,
the system 100 of FIG. 1, etc.), and various combinations of
systems or components thereof may be employed to imple-
ment all or part of the method 700 of FIG. 7.

[0082] FIG. 8 shows an embodiment of a system 800
configured to monitor whether a person needs assistance
based on video imaging. In an embodiment, a video image
monitoring system 800 employs one or more video cameras
802. For example, a number of strategically placed video
cameras may be installed on a property. Recorded status may
be sent to a central processing system database 812, and any
status changes may be recorded with time stamps. An “alert”
status may be sent out when it is determined there is an
indication the person is in a “danger” situation. For example,
it may be determined whether there is an indication the
person is in danger using various analysis systems imme-
diately after images have been recorded as follows:

[0083] i) An Al image recognition system 814 configured
to analyze and determine the status of the human “object”
(sitting, standing, reading, fighting, fallen, crawling on the
floor, etc.). An alert status may be sent when algorithms of
the Al system 814 detect that the person could be in a
“danger” situation.

[0084] i) A human monitoring analysis group (e.g.,
nurses) may monitor the images, and members of the group
may note any changes in the images. The group may also
determine whether the conditions constitute a “danger”
situation, in which case an alert may be sent out.

[0085] iii) A combined approach, for example, an auto-
mated system that sends alerts to a human monitoring
analysis group. This might be desirable to reduce false
positive alerts or to lower the threshold for an automatic
alert, etc. The automated system may store responses deter-
mined by the group and employ the information to update
the algorithms (e.g., to reduce false triggers by the auto-
mated system).

[0086] As illustrated, the video recording device(s) 802
send out video signals to one or more transceivers 806, for
example, periodically. The transceiver 806 is communica-
tively coupled to a central processing system 808. The
central processing system has one or more processors P, one
or more memories 810 and one or more data bases 812, and
may be configured to process the signals to determine an
indication of the person’s orientation at various time periods
and based on signals received regarding the person’s orien-
tation (e.g., sitting, standing, reading, fighting, sleeping,
crawling, bathing, etc.). This determination may be used to
determine whether there is an indication the person needs
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assistance. The determinations may be based on other cri-
teria and data, such as information and criteria discussed
above with respect to FIG. 1. Other sensors, such as location
sensors, health status sensors, thermal sensors, and various
combinations, may be employed in some embodiments. It is
noted that the video image sensors 802 may provide location
sensing and health status information (such as breathing
rates, etc.) without being physically coupled to the person
whose status is being monitored. The system 800 comprises
a configuration interface 816 (e.g., a keyboard, a Bluetooth
receiver, etc.) to facilitate configuration of the system 800.
[0087] FIG. 9 is a flow diagram of an embodiment of a
method 900 of monitoring indications of a person’s safety
based on video images, for example to determine whether
there is an indication the person may need assistance based
on information related to the person’s location, physical
orientation, health status, etc. As illustrated, the method 900
determines whether there is an indication the person is safe.
The method starts at block 902 and proceeds to block 904 to
gather video images and extract information therefrom and
proceeds to block 906 to determine based on the gathered
images and extracted information whether there is an indi-
cation the person needs assistance. The determination may
be based on the absence of information, the change or lack
of change of the information, other information (for
example, other location information, other health-status
information, time of day), etc. When it is not determined at
block 906 that there is an indication the person needs
assistance (as illustrated, when it is determined the person is
safe), the method 900 proceeds to block 908 to update status
information in a database, for example, to indicate that at a
particular time the person is in a particular location, has a
particular breathing rate, temperature, etc.

[0088] When it is determined at block 906 that there is an
indication the person may need assistance (as illustrated, a
determination the person is not safe), the method 900
proceeds to block 910 to generate and transmit alert notices
to concerned parties (e.g., family and friends via designated
devices) and/or to take other action as appropriate (e.g., to
request data from one or more sensor related to a condition
suggesting the person might need assistance, etc.). The
method 900 then proceeds to update status information at
block 908, as discussed above. The method 900 proceeds
from block 908 to block 904.

[0089] The embodiment of the system 800 of FIG. 8, the
embodiment of the system 200 of FIG. 2, and the embodi-
ment of the system 400 of FIG. 4 may be configured to
perform all or part of the method 700. Other systems (e.g.,
the system 600 of FIG. 6, etc.), and various combinations of
systems or components thereof may be employed to imple-
ment all or part of the method 900 of FIG. 9.

[0090] Embodiments of methods described or illustrated
herein may contain additional acts not described or shown in
the figures, may not contain all of the acts described or
shown in the figures, may perform acts described or shown
in various orders, and may be modified in various respects.
For example, the determinations illustrated in FIGS. 1, 3, 5,
7 and 9 may in some embodiments be made based on a
combination of the various types of data gathered by the
systems illustrated in FIGS. 1, 2, 4, 6 and 8. For example, a
monitoring system may employ a combination of location
sensors coupled to a person, health sensors coupled to a
person, thermal sensors, video sensors, other sensors (such
as window and door sensors), etc., to receive indications that
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may be employed to determine whether there is an indica-
tion that a person needs assistance. In another example, the
process may be iterative. For example, one or more of the
described methods may respond to an indication that a
person may be in danger by gathering additional information
before determining to generate an alarm signal.

[0091] For example, FI1G. 10 illustrates an embodiment of
a monitoring system 1000 employing both thermal image
sensors 1002a¢ and video image monitors 10025. Such an
embodiment may be employed, for example, when it is
desirable to monitor places such as bathrooms, where ther-
mal sensors might be employed to increase privacy, as well
as more public places, such as living rooms and outside
decks. Data from thermal sensors and video image monitors
may be combined in some embodiments.

[0092] As illustrated, the monitors 10024, 10025 send out
signals to one or more transceivers 1006, for example,
periodically. The transceiver 1006 is communicatively
coupled to a central processing system 1008. The central
processing system has one or more processors P, one or more
memotries 1010 and one or more data bases 1012, and may
be configured to process the signals to determine an indi-
cation of the person’s conditions at various time periods and
based on signals received regarding the person’s conditions
(e.g., orientation conditions (sitting, standing, reading, fight-
ing, sleeping, crawling, bathing, etc.); health status condi-
tions, facial expressions, etc.). These determinations may be
used to determine whether there is an indication the person
needs assistance. The determinations may be based on other
criteria and data, such as information and criteria discussed
above with respect to FIG. 1. Other sensors, such as location
sensors, health status sensors, thermal sensors, and various
combinations, may be employed in some embodiments. The
system 1000 comprises a configuration interface 1016 (e.g.,
a keyboard, a Bluetooth receiver, etc.) to facilitate configu-
ration of the system 1000. Detectors (see detector 104 of
FIG. 1) may be employed in some embodiments.

[0093] At least some embodiments of a monitoring system
may have full duplex communication ability where a moni-
tored person (MP) can communicate with a) the computer
system; and b) people who locate in a data communication
center (e.g., an ONSTAR® communication center), and vice
versa.

[0094] In an embodiment, the monitoring system includes
Al machine learning algorithms (implemented, for example,
by Al modules such as the Al module 114 of FIG. 1) that
may increasingly identify objects, human physical move-
ment and their facial expressions to determine and/or verify
whether the study subject (human) is at risk. The monitoring
system may be configured to predict events by recognizing
patterns of movement or behaviors that typically precede
them. For example, before collapsing, many people will
sway back and forth or side to side. Similarly, repeating
walking patterns over and over could signal confusion
induced by some medical condition. On the other hand, for
some people repeating walking patterns (e.g., pacing in a
particular place) may be a normal occurrence.

[0095] In an embodiment, a threshold for triggering a
“danger” red flag has 3 levels which are based on statistical
analysis of the data collection from the normal behavior of
the study human (MP). If a movement, living habit, facial
expression or any other abnormal behavior appears (which
may fall off a pre-set threshold percentile in the normal
distribution range of a bell curve—e.g. 68%—one standard
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deviation from the mean), an alarm may be triggered and
this statistical analysis may be captured to be used in the
future to improve accuracy as part of the Al machine
learning process.
[0096] AI and other data analysis may be employed which
relies on one or more of global predictions (e.g., predictions
based on histograms associated with a generic population),
demographic based predictions (e.g., predictions based on
histograms associated with a specific demographic (e.g., the
population of a particular city or region, people of a par-
ticular race or age or other risk factor, combinations
thereof)), and individual based predictions (e.g., predictions
based on histograms associated with a specific individual
(e.g., a person’s history of movement), and various combi-
nations thereof.
[0097] In an embodiment, a monitoring computer system
may also accomplish normal daily tasks with voice com-
mands to control household electronic devices like:
[0098] Setting an alarm clock,
[0099] Reminders for daily activities like taking pills,
cooking times, setting calendar event reminders, etc.
[0100] Making phone calls using the full duplex system
simply by asking: “Amina (referring to an example
brand name for a monitoring system), please call my
son” (or some similar phrase to activate a phone call).
[0101] Turn on/off and make adjustment to household
devices (e.g. TV, radio control, audio devices, volume
control, channel switching, open/close or adjust the
blinds/curtains, etc.)
[0102] In an embodiment, the voice commands may be
used to trigger an alert. In an embodiment, the system may
prompt a user to respond. No response, an inappropriate
response, or a response which does not correspond to an
expected response may prompt an alert. In an embodiment,
voice recognition subsystems may be employed, for
example, to identify voice commands, to authenticate voice
commands, to identify the person to be monitored (e.g. to
trigger a robot to move to better monitor the person), to
identify another person in a monitored location, etc., and
various combinations thereof. In an embodiment, a push to
talk system may be employed.
[0103] In an embodiment, a monitoring system may also
be a secure alarm system which can detect any invader/thief
entering the property without permission. Al algorithms may
be employed to reduce false alarms for the monitoring
system as well (e.g., time information, human recognition
information, pattern recognition, etc.)
[0104] Inanembodiment, the components of a monitoring
system (e.g., the systems of FIGS. 1, 4, 6 and 8) might
include Image capture devices (infrared, 3-D camera).
[0105] An embodiment might include Al machine learn-
ing systems (e.g., Al systems 114, 414, 614 and 814 of FIGS.
1, 4, 6 and 8) where algorithms in the system are configured
to analyze and define a monitored person’s properties and a
monitored person’s environment properties, identify
whether the monitored person is at risk, for example by
using Al system identifiers as discussed below. The Al
identifiers might comprise, for example, Object identifiers
(which define human, animal, and other objects—chair,
table, sofa, etc.); Location identifiers (which define a moni-
tored persons location—bedroom, bathroom, kitchen, etc.);
Position identifiers (which define a position such as sitting,
lying down, crawling, etc.); Time identifiers (which identify
the time of the day when a monitored person is in each
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location); Sound identifiers (which identify sounds gener-
ated by human and non-human objects—e.g. Microwave,
fire alarm, TV, etc.); Motion identifiers (which identify body
movement characteristics); Physical Status identifier (which
identify physical health condition characteristics); Emo-
tional identifiers (which, for example, identify facial expres-
sion characteristics, other physical characteristics indicative
of emotion (e.g., position, temperature, smells, etc.));
Motion and Emotional identifiers (which, for example, iden-
tify both facial expression and body movement characteris-
tics); etc., and various combinations thereof.

[0106] At least some embodiments are configured to com-
municate with a remote communication call center, which
can directly communicate to the monitored person’s house-
hold with a full duplex communication (two-way) ability.

[0107] At least some embodiments may comprise a secure
network system where digital information (e.g. data record,
images, etc.) can be transmitted to the computer servers,
CPU, emergency communication center and any nodes/
parties within the network. A secure full duplex voice
communication can be transmitted to different nodes/parties
within the network.

[0108] At least some embodiments may be configured to
provide reports and/or access to other devices (e.g. handheld
devices, computers, etc.) where authorized interested parties
(e.g. a monitored person’s families and friends) may access
the recorded record of the MP proprieties (e.g. record of how
long the MP slept last night; what is the average nap time in
the afternoon, etc.).

[0109] In at least some embodiments, an Al system of a
monitoring system (e.g., Al systems 114, 414, 614, 814,
1014 of systems 100, 400, 600, 800, 1000 of FIGS. 1, 4, 6,
8 and 10) may use one or more of the following identifiers
to identify different properties of a monitored person and a
monitored person’s environment: Object identifiers (define
human, animal, or other object—chair, table, etc.); Location
identifiers (define the MP’s location—bedroom, bathroom,
kitchen, etc.) Position identifiers (sitting, lying down, crawl-
ing, etc.); Time identifiers (identify the time of the day when
the MP is in each location); Sound identifiers (Sound that is
generated by human and non-human objects—e.g. Micro-
wave, fire alarm, TV, etc); Motion identifiers (body move-
ment characteristics); Emotional identifier (facial expression
characteristics); Physical status identifier (which identify
health condition characteristics—e.g. heart rate, blood glu-
cose comntent, cold sweat, etc); Motion and Emotional iden-
tifier (both facial expression and body movement character-
istics); etc.; and various combinations thereof.

[0110] Monitored person properties that are defined by the
above identifiers may be used to generate different measure-
ments to compare to a threshold to trigger an alarm. This
collection of data is not limited to, but includes the following
properties: locations; pattern of facial movement; pattern of
body movement; hours of the day and night in different
locations of the monitoring property; pattern of voice, tone,
and any sound related properties; physical body condition;
the combination of two or more of the above properties; etc.
An Al system accuracy may increase with the Al machine
learning algorithms by collecting more observation data
(characteristics/properties collection is defined by different
identifiers—see above identifier’s definition). With the con-
tinuously increasing the data set, the accuracy may increase
every day with the Al ability of learning.
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[0111] The collection data that improves the AT machine
learning algorithms may include: (1) a current monitored
person’s properties (e.g. body movement and facial activi-
ties); and (2) other studied human subject’s properties that
are collected outside the current monitored person.

[0112] In an embodiment, different alarm levels and
responses thereto may be employed. For example, a Level 1
alarm condition may cause a monitoring system (e.g., sys-
tem 100 of FIG. 1) to call a monitored person using a full
duplex voice communication system when an abnormal
behavior/characteristic is detected. If the monitored person
responds, “it’s fine”, the system may learn this as new
pattern property to increase future recognition accuracy. If
there is no response from the MP, a “level 2” alarm may be
triggered. In an embodiment, a Level 2 alarm may send
signals to a monitoring data center (e.g., monitoring center
120 of FIG. 1) indicating real people at the monitoring data
center should call the monitored person. In an embodiment,
if the monitored person does not answer, a Level 3 alarm
may be triggered. In an embodiment, a Level 3 alarm may
indicate the data center should follow emergency steps to
contact relatives/friends, fire fighters, medics, hospital/
health care providers, etc. The monitored person/family
member(s) may provide this emergency list of contacts
when signing up for this monitoring system or configuring
the monitoring system. In some embodiment, the Levels
may trigger different responses, and additional levels may be
employed. For example, the monitoring system may send an
automated message based on emergency contact informa-
tion before contacting a remote communication center under
specified conditions.

[0113] The stages of the alarm level may be recorded and
the Al machine learning configured to learn when false
alarms are being triggered. This new pattern of abnormal
properties/behaviors/characteristics which triggered the
alarm may be stored and thus learned. The system may use
the stored patterns to improve the accuracy of predictions in
the future as part of the Al machine learning process.

[0114] In an embodiment, a prediction may be based on
previously studied statistic analysis of patterns in properties
(e.g. movement, facial expression), and predict and define
normal characteristics (e.g. facial expression, body move-
ment, hours of sleep, location of sleep—nap in sofa during
daytime vs. bedroom sleep at night). If the prediction falls
beyond a threshold (e.g., a standard threshold such as 68.2%
(34.1%+34.2%) line—the threshold number may be edited
according to the situation and the consensus between the
MP/MP’s family and the programmer) from a normal dis-
tribution curve, an alarm will be triggered. FIG. 11 shows an
example of thresholds employed in a Bell curve.

[0115] Inan embodiment, an Al algorithm is configured to
predict movement of a monitored person based on: (1) the
current MP’s properties (e.g. body movement and facial
activities); and (2) other studied human subject’s properties
that are collected outside the current MP. When the recorded
priorities fall beyond a threshold percentile (e.g., 68%—one
standard deviation from the mean) of the predicted proper-
ties (e.g., movement sequence; staying in the bathroom
longer than the standard threshold), an alarm may be trig-
gered. In an embodiment, a threshold curve of properties
measurement may change accordingly as the Al system
continues to learn, develop and improve the accuracy with
the Al machine learning ability. The Al system will learn,
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justify/adjust threshold(s), and tailor responses toward the
living habits of an individual monitored person.

[0116] For example, if a Tai Chi series pattern of move-
ments has never been observed and recorded, the alarm may
be triggered as the MP’s properties are beyond the normal
threshold percentile. However, as more and more recorded
Tai Chi practice movement occurs, the system will learn and
treat this series of Tai Chi moments as the MP’s normal
pattern of behavior. This also may be applied to facial
movement, and other types of body movement and living
behaviors (e.g., hours of sleep, left handed and right handed
changes, body temperature changes, etc.).

[0117] In another example, an Al system may be config-
ured to predict events by recognizing patterns of movement
or behaviors that typically precede them—before collapsing,
many people will sway back and forth or side to side,
repeating walking patterns over and over could signal con-
fusion induced by some medical condition, and there may be
other characteristics that happen just before strokes or heart
attacks.

[0118] In addition, each property (e.g. location; time) may
have different thresholds of property percentile curve to
trigger the alarm. The threshold of measurement may be
different depending on a specific combination of identified
properties.

[0119] In another example, the hours (time identifier) of
laying down (position identifier) in the kitchen may be five
minutes, laying down in the living room sofa (location
identifier and object identifier) may be two hours, but the
threshold of laying down in the bedroom may be six hours
at night (12 am to 6 am) and three hours during daytime (1
pm to 6 pm). In other words, the location and time would
have their own standard deviation threshold for any given
time of the day and the location of the monitoring area.
[0120] In another example, a monitored person may nor-
mally stay in the bathroom for 30 minutes (e.g. +/-3% time
different). If the monitored person stays longer in the bath-
room more than this time frame, the alarm may be triggered.
[0121] In another example, a “Physical Status identifier”
may identify physical health condition characteristics (e.g.,
a heart rate, blood glucose content, cold sweat condition,
etc.). The physical characteristics may have their own pat-
tern, or be including in the pattern comprising other char-
acteristics, and a bell curve may be employed to determine
a threshold by defining normal and abnormal body physical
behavior based indicators related to those characteristics. I
[0122] These types of property thresholds may also be
edited according to the situation and the consensus between
the MP (Monitored Person)/MP’s family and the program-
mer (e.g. hours to sleep, where to sleep, etc.).

[0123] Embodiments may provide for flexible responses.
For example, a monitoring person could choose the follow-
ing when the alarm is being triggered: (1) send the full
capture video to the call center or (2) choose not to send
video to the call center. If a household has more than one
monitored person that needs to monitored, the patterned and
monitoring properties may be modified to fit the household
condition. For example, it may be less focused on facial
pattern and movement, but more focus on laying down
properties in location, durations or location of stay in certain
hours of the day (e.g. bathroom for less than 30 minutes
during day time). In another example, the Al may employ
identifiers to identify the monitored person (e.g., based on
size, activity patterns, facial recognition, etc.) and be con-
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figured to consider these identifiers when determining
whether a person is in danger and the appropriate response
to such a determination.

[0124] In an embodiment, a robot with sensors (e.g.,
image, thermal, etc.) may follow an individual on a property
instead of or in addition to using fixed sensors. An Al system
using a statistical record pattern may employ spot and zone
based pattern learning. FIG. 12 illustrates example zone and
spot based temperature curves. In an embodiment, if a new
behavior is detected (e.g., a behavior or condition inconsis-
tent with past behavior which may indicated a person needs
assistance), the system may prompt a monitored person (or
a monitoring human) to confirm the behavior or condition
does not indicate assistance is needed. If it is confirmed that
the behavior or condition does not indicate assistance is
needed, the system may update histogram data or other data
to reflect that this type of behavior does not present a threat.
If no response is received or a response is received indicat-
ing assistance is needed, the system may generate an alert.
For example, a person may decide to employ a new exercise
routine (e.g., yoga, aerobics, etc.) which the system may
detect as a new behavior with associated data (e.g., move-
ment periods, heart rates, temperatures, position informa-
tion, etc). The system may prompt the monitored person or
a mounitoring person to confirm a dangerous situation is not
presented. The system will learn that the new behavior does
not present a danger (within certain parameters). In an
embodiment, the robot or robots may perform other func-
tions, e.g., vacuuming, playing music, controlling other
appliances, connecting to the internet, placing phone calls,
etc.). In an embodiment, a robot or other system component
may be configured to respond to voice commands. In an
embodiment, the robot may be able to provide assistance to
the monitored person either in the normal course (e.g.,
carrying things for the person, assisting the person in getting
up, pulling the person up, etc.), or in response to detection
of a dangerous condition (e.g., assisting the person in getting
up, pulling the person up, in addition to or instead of
generating an alarm).

[0125] Global and zone or area based criteria may be
employed. For example, monitoring in a work-out area and
monitoring in a sleeping area may both employ global
thresholds and histograms, while also using zone based
thresholds and histograms. For example, the monitoring of
the work-out area may also employ work-out area histo-
grams and thresholds in addition to the global thresholds and
conditions.

[0126] Various techniques and systems may be employed
by the Al to interpret the sensor data and histograms. For
example, artificial neural networks and various programs
and systems (e.g., Tensile Flow, On Premise) may be
employed. Sparse dictionaries and dictionary transforms
may be employed. Support vector machines may be
employed, etc., and various combinations thereof.

[0127] In some embodiments, various lenses may be
employed, e.g., a wide angle 15 mm lens, a 70-90 degree fish
eye, infrared lenses, etc.

[0128] Insome embodiments, a monitored individual may
be reminded to or prompted to perform certain activities. For
example, if a monitored person has been sitting for a
threshold period of time, the person may be prompted to
walk, stand up or stretch. If a monitored person is supposed
to take medicine and activity consistent with the taking of
the medicine is not detected, the person may be prompted to
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take the medicine or to confirm the medicine has been taken,
etc. The threshold may depend on the position of the person,
the location of the person, the time of day, etc. For example,
lying down in a bedroom for a certain number of hours may
not generate a prompt or alert from the system if it is
consistent with a normal sleeping pattern of the person. On
the other hand, lying down in the kitchen may generate a
prompt or alert after a few minutes or seconds. The time may
depend on other factors (e.g., pulse, temperature, etc.).

[0129] Some embodiments may prompt a monitored pet-
son to eat or trigger an alarm if eating activity has not been
detected for a threshold period of time. The threshold(s) may
vary based on the response (e.g., a threshold for prompting
may be shorter than a threshold for triggering an alert),
global data (e.g., for most people), demographic data (e.g.,
diabetics), and specific data (e.g., the monitored person
always eats at 9:00 a.m. on weekdays). Some embodiments
may make predictions based on multiple factors, e.g., his-
togram data suggesting a low-blood sugar level, such as
body temperature, position and the time since eating activity
was observed.

[0130] Some embodiments may monitor a person for signs
of depression (less body movement or different positions
and times of body movement, failures to turn on lights
consistent with prior behavior, etc.

[0131] FIG. 13 illustrate an embodiment of a system 1300
and a method 1350 of operating such a system. While
method 1350 is described with reference to system 1300,
other systems, such as the various other systems described
herein, may be employed to monitor an individual and detect
motion. In an embodiment, three images im0, im1 and im2
are captured and converted to a normalized grayscale. The
pixels of the images are then passed through the function
(img1-img0) and (imgl-img2), and normalized again. The
resulting image is a pixel-by-pixel map of motion during the
capture time of the three images. In an embodiment, detec-
tion of a maximum time without movement may generate a
value Y indicative of a time since movement occurred based
on a classifier prediction. The classifier makes a prediction
and reports the class, image name and time to a database. A
program queries the data base to make certain the Y values
do not exceed threshold Y values, which may be associated
with the type of activity (e.g., sleeping, eating, watching TV,
etc.). In an embodiment, the classifications are generated and
passed to a motion detection and threshold analysis before
being reported to a database (which may be remote, e.g., in
a cloud). Local alerts are triggered. In an embodiment, both
classification and trigger schemes may be employed (e.g.,
local evaluation followed by cloud evaluation, either of
which may trigger a response (e.g., query to the monitored
person, alert, etc.).

[0132] In FIG. 13, a system 1300 and a method 1350 are
illustrated. Time information is provided to a classification
timer 1302 and an image capture device 1304. The image
capture device 1304, which as illustrated is a camera,
captures images of an environment in which an individual is
being monitored. The images are provided to classifier 1306,
which classifies the images and provides the images to the
classification timer 1302. The classification timer 1302
provides or retrieves class and time information (e.g., thresh-
olds) associated with various dangerous conditions to/from
a relational database management system 1308. Based on
comparisons of the class and time information associated
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with images of an image stream to the information in the
relational database system, an alert may be generated at
1310.

[0133] In method 1350, at 1352 the system 1300 checks
whether an image of an image stream is associated with a
new class, e.g., has the individual moved from a sitting
position to a standing position. When it is not determined at
1352 that the image is associated with a new class, the
method 1350 proceeds from 1352 to 1354, where it is
determined whether the current time since the last move-
ment is exceeded for the classification. When it is deter-
mined at 1352 that an image is associated with a new class,
the method 1350 proceeds to 1356, where a current position
timer is reset. The method 1350 proceeds from 1356 to 1358
and 1360.

[0134] When it is determined at 1354 that the current time
since the last movement is exceeded for the classification,
the method proceeds to 1362, where an alert trigger is
generated. As illustrated, the alert trigger is provided to an
alert system, and may contain information related to the
classification and timing that triggered the alert trigger,
which may be used by the alert system to determine an
appropriate response. The method proceeds from 1362 to
1358.

[0135] When it is not determined at 1354 that the current
time since the last movement is exceeded for the classifi-
cation, the method proceeds to 1358 and 1360, where an
alert trigger is generated. As illustrated, the alert trigger is
provided to an alert system, and may contain information
related to the classification and timing that triggered the alert
trigger, which may be used by the alert system to determine
an appropriate response. The method proceeds from 1362 to
1358.

[0136] At 1358, information related to the image of the
image stream, such as timing and classification information,
is provided to the relational database management system,
which may use the data to train an Al system as discussed
in more detail elsewhere herein. At 1360, the method 1350
waits for new data. When new data is received, the method
proceeds from 1360 to 1352.

[0137] Embodiments of the method 1352 may perform
acts in various orders, may combine acts, may divide acts
into separate acts, may contain fewer or more acts than
illustrated, may perform acts in parallel or in various orders,
and various combinations thereof.

[0138] An embodiment may employ thermal data specific
to regions of a monitored person, specific activities, etc. For
example, the head of an individual may be identified (it is
often the hottest part of a human) and data recorded and used
to classify a situation as potentially hazardous. The table
below shows an example database. As shown in the
example, laying in the kitchen for 5 minutes with a tem-
perature of 39 degrees C. triggers an alert.

Position Last Stay Body temperature
Time Location (posture) move still (Celsius)
13:57 Living room stand 13:58 1 min 37
14:05 Kitchen stand 13:59 3 mins 37
14:10 Living room sit 14:06 4 mins 38
14:20 Kitchen lay 14:11 5 mins 39
[0139] Some embodiments may monitor other environ-

ments and types of subjects, such as children in a school
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room or school yard, animals (e.g., dogs, pigs, cows, etc.) to
identify abnormal behavior and/or dangerous situations
(e.g., excessive heat, poor air quality), etc.
[0140] Some embodiments may take the form of or com-
prise computer program products. For example, according to
one embodiment there is provided a computer readable
medium comprising a computer program adapted to perform
one or more of the methods or functions described above.
The medium may be a physical storage medium such as for
example a Read Only Memory (ROM) chip, or a disk such
as a Digital Versatile Disk (DVD-ROM), Compact Disk
(CD-ROM), a hard disk, a memory, a network, or a portable
media article to be read by an appropriate drive or via an
appropriate connection, including as encoded in one or more
barcodes or other related codes stored on one or more such
computer-readable mediums and being readable by an
appropriate reader device.
[0141] Furthermore, in some embodiments, some or all of
the methods and/or functionality may be implemented or
provided in other manners, such as at least partially in
firmware and/or hardware, including, but not limited to, one
or more application-specific integrated circuits (ASICs),
digital signal processors, discrete circuitry, logic gates, state
machines, standard integrated circuits, controllers (e.g., by
executing appropriate instructions, and including microcon-
trollers and/or embedded controllers), field-programmable
gate arrays (FPGAs), complex programmable logic devices
(CPLD:s), etc., as well as devices that employ RFID tech-
nology, and various combinations thereof. For example,
embodiments of a home monitoring system may be imple-
mented as discussed above (e.g., partially in hardware,
partially with controllers executing instructions, etc.).
[0142] The various embodiments described above can be
combined to provide further embodiments. Aspects of the
embodiments can be modified, if necessary to employ con-
cepts of the various patents, applications and publications to
provide yet further embodiments.
[0143] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.
1. A safety monitoring system, comprising:
one or more sensors configured to generate at least one
signal indicative of a current condition related to a
safety status of a person; and
one or more processing devices configured to:
determine a safety status of the person based on the at
least one signal indicative of the current condition
and stored information related to the safety status of
the person;
update the stored information related to the safety
status of the person based on the at least one signal
indicative of the current condition; and
when the determined safety status indicates the person
may be in danger:
initiate one or more actions based on the determined
safety status;
monitor responses to the one or more initiated
actions; and
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update the stored information related to the safety
status of the person based on the monitored
responses.
2. The safety monitoring system of claim 1 wherein the
one or more initiated actions comprise one or more of:
generating an alert signal to the person; transmitting a signal
to a remote server; and generating an alert message based on
stored contact information.
3. The safety monitoring system of claim 1 wherein the
one or more sensors include at least one of:
a location sensor;
a thermal sensor;
a health status monitoring device; and
a video capturing device.
4. The safety monitoring system of claim 1 comprising a
device configured to perform voice communications.
5. The safety monitoring system of claim 1 wherein the
stored information comprises property identifiers indicative
of conditions and the one or more processing devices
comprise an artificial intelligence module configured to
compare the at least one signal to the stored property
identifiers and to determine the safety status of the person
based on the comparison.
6. The safety monitoring system of claim 5 wherein the
determining the safety status comprises determining a posi-
tion of a property identifier on a characteristic property-
identifier curve based on the at least one signal.
7. The safety monitoring system of claim 6 wherein the
characteristic property identifier curve is a Bell curve based
on stored property identifiers indicative of the characteristic.
8. The safety monitoring system of claim 6 wherein the
characteristic property-identifier curve is related to one or
more of: an object identifier; a location identifier; a position
identifier; a time identifier; a sound identifier; a motion
identifier; a physical status identifier; and an emotional
identifier.
9. The safety monitoring system of claim 6 wherein the
determining the safety status comprises determining
whether the position is within one or more threshold devia-
tions from a mean of the Bell curve.
10. The safety monitoring system of claim 1 wherein the
one or more sensors include at least one of:
an infrared camera; and
a 3-D camera.
11. The safety monitoring system of claim 1 wherein the
stored information includes an initial data set and updating
the stored information comprises adding data to the initial
data set.
12. A method, comprising:
receiving at least one signal indicative of a current con-
dition related to a safety status of a person;

determining, using at least one processing device, a safety
status of the person based on the at least one signal
indicative of the current condition and stored informa-
tion related to the safety status of the person;

updating, using the at least one processing device, the
stored information related to the safety status of the
person based on the at least one signal indicative of the
current condition; and

when the determined safety status indicates the person

may be in danger:
initiating one or more actions based on the determined
safety status;
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monitoring responses to the one or more initiated
actions; and

updating the stored information related to the safety
status of the person based on the monitored
responses.

13. The method of claim 12 wherein the one or more
initiated actions comprise one or more of: generating an alert
signal to the person; transmitting a signal to a remote server;
and generating an alert message based on stored contact
information.

14. The method of claim 12 wherein the at least one signal
includes at least one of:

a signal indicative of a location of the person;

a signal indicative of a temperature;

a signal indicative of a health status of the person; and

an imaging signal.
15. The method of claim 12 wherein the stored informa-
tion comprises property identifiers indicative of conditions
and the at least one processing device comprises an artificial
intelligence module configured to compare the at least one
signal to the stored property identifiers and to determine the
safety status of the person based on the comparison.
16. The method of claim 15 wherein the determining the
safety status comprises determining a position of a property
identifier on a characteristic Bell curve based on the at least
one signal.
17. The method of claim 16 wherein the characteristic
Bell curve is based on stored property identifiers indicative
of the characteristic.
18. The method of claim 16 wherein the characteristic
Bell curve is related to one or more of: an object identifier;
a location identifier; a position identifier; a time identifier; a
sound identifier; a motion identifier; a physical status iden-
tifier; and an emotional identifier.
19. A non-transitory computer-readable medium whose
contents configure a safety monitoring system to perform a
method, the method comprising;
receiving at least one signal indicative of a current con-
dition related to a safety status of a person;

determining a safety status of the person based on the at
least one signal indicative of the current condition and
stored information related to the safety status of the
person;
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updating the stored information related to the safety status
of the person based on the at least one signal indicative
of the current condition; and
when the determined safety status indicates the person
may be in danger:
initiating one or more actions based on the determined
safety status:
monitoring responses to the one or more initiated
actions; and
updating the stored information related to the safety
status of the person based on the monitored
responses.
20. A system, comprising:
means for generating at least one signal indicative of a
current condition related to a safety status of a person;
means for determining a safety status of the person based
on the at least one signal indicative of the current
condition and stored information related to the safety
status of the person;
means for updating the stored information related to the
safety status of the person based on the at least one
signal indicative of the current condition; and
means for, when the determined safety status indicates the
person may be in danger,
initiating one or more actions based on the determined
safety status;
monitoring responses to the one or more initiated
actions; and
updating the stored information related to the safety
status of the person based on the monitored
responses.
21. The system of claim 20, comprising one or more of:
means for sensing;
means for identifying a person to be monitored;
means for following a person to be monitored,
means for dispensing medication;
means for monitoring intake of medication;
means for adjusting settings of the means for generating
at least one signal;
means for detecting abnormal behavioral patterns of a
person to be monitored; and
means for detecting blood glucose levels.
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