EP 2 934 301 B1

(19)

(12)

(45)

Patent Office

Europdisches
Patentamt
0’ European

et (11) EP 2934 301 B1
EUROPEAN PATENT SPECIFICATION
Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00 (2006.01)

22.04.2020 Bulletin 2020/17
(86) International application number:

(21) Application number: 13864582.5 PCT/US2013/075745
(22) Date of filing: 17.12.2013 (87) International publication number:

WO 2014/099969 (26.06.2014 Gazette 2014/26)
(54) CONTROLLING ACQUISITION OF SENSOR INFORMATION

STEUERUNG DER ERFASSUNG VON SENSORINFORMATIONEN
COMMANDE D’ACQUISITION D’INFORMATIONS DE CAPTEUR

(84)

(30)

(43)

(73)

(72)

Designated Contracting States: * PETROSKI, Robert C.
AL ATBE BG CH CY CZDE DKEE ES FIFR GB Seattle, Washington 98112 (US)
GRHRHUIEISITLILT LULV MC MK MT NL NO * WOOD, Lowell L., Jr.
PL PT RO RS SE SI SK SM TR Bellevue, Washington 98004 (US)
Priority: 19.12.2012 US 201213720593 (74) Representative: D Young & Co LLP

19.12.2012 US 201213720635 120 Holborn

London EC1N 2DY (GB)

Date of publication of application:

28.10.2015 Bulletin 2015/44 (56) References cited:

EP-A2- 1 582 146 WO-A1-2011/155680
Proprietor: Elwha LLC WO-A2-2011/146517 US-A1-2007 167 850
Bellevue, WA 98005-4046 (US) US-A1-2007 265 509 US-A1-2008 162 182

US-A1-2008 221 401 US-A1-2009 118 590
Inventors: US-A1-2010 249 541  US-A1-2010 286 533
CHIN, Hon Wah US-A1-2011 112442 US-A1-2012 256 769
Palo Alto, California 94303 (US) US-B2-7 725 150

HYDE, Roderick A.
Redmond, Washington 98052 (US)

Note:

Within nine months of the publication of the mention of the grant of the European patent in the European Patent

Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 934 301 B1 2

Description
SUMMARY

[0001] EP1582146 discloses a vital sign processing
apparatus and method. US 2008/0162182 discloses sys-
tems and methods for using between-patient compari-
sons for risk stratification of future heart failure decom-
pensation. US 2010/286533 discloses a method and ap-
paratus for detecting a biosignal. US 2007/167850 dis-
closes methods and an apparatus for an adaptive phys-
iological monitoring system. US 2011/0112442 discloses
an apparatus thatincludes atleast one sensor configured
to sense a physiological parameter of a subject and to
sense large body movement of the subject, an output
unit, and a control unit.

[0002] Inanaspect, asystem for controlling acquisition
of sensor information includes, but is not limited to: a
network of remote non-contact physiological sensors, in-
cluding at least one microphone and at least one image
capture device; and a computing device operably con-
nected to the remote non-contact physiological sensors,
the computing device including a processor programmed
to query at least one of the remote non-contact physio-
logical sensors to measure one or more physiological
parameters of an individual in response to at least one
flag indicating a need to measure the one or more phys-
iological parameters; receive a set of sensor values from
the at least one of the remote non-contact physiological
sensors, the set of sensor values representative of the
measured one or more physiological parameters; assign
a quality value to the set of sensor values received from
the at least one of the remote non-contact physiological
sensors; retain the set of sensor values if the assigned
quality value of the set of sensor values meets or exceeds
a minimum quality value threshold; and update the at
least one flag if the assigned quality value of the set of
sensor values meets or exceeds the minimum quality
value threshold. In addition to the foregoing, other system
aspects are described in the claims, drawings, and text
forming a part of the present disclosure.

[0003] Inanaspect, asystem for controlling acquisition
of sensor information includes, but is not limited to: a
computing device including a processor; and non-transi-
tory signal-bearing medium bearing one or more instruc-
tions for controlling acquisition of information from one
or more physiological sensors, the non-transitory signal-
bearing medium including one or more instructions for
generating at least one flag indicating a need to measure
one or more physiological parameters of an individual
based on one or more need-measurement criteria; one
or more instructions for querying the one or more phys-
iological sensors in response to the at least one flag; one
or more instructions for receiving a set of sensor values
from the one or more physiological sensor, the set of
sensor values representative of one or more measured
physiological parameters of an individual; one or more
instructions for assigning a quality value to the set of sen-
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sor values received from the one or more physiological
sensors; one or more instructions for retaining the set of
sensor values if the assigned quality value of the set of
sensor values meets or exceeds a minimum quality value
threshold; one or more instructions for generating at least
on updated flag if the assigned quality value of the set of
sensor values meets or exceeds the minimum quality
value threshold; and one or more instructions for re-que-
rying the one or more physiological sensors to acquire
an updated set of sensor values representative of the
one or more measured physiological parameters of the
individual if the assigned quality value of the set of sensor
values fails to meet or exceed the minimum quality value
threshold. In addition to the foregoing, other system as-
pects are described in the claims, drawings, and text
forming a part of the present disclosure.

[0004] In an aspect, a method for controlling acquisi-
tion information from a network of remote non-contact
sensors, including at least one microphone and at least
one image capture device, includes, but is not limited to:
generating atleast one flag indicating a need to measure
one or more physiological parameters of an individual
based on one or more need-measurement criteria; que-
rying at least one of the remote non-contact physiological
sensors in response to the at least one flag; receiving a
set of sensor values from the at least one of the remote
non-contact physiological sensors, the set of sensor val-
ues representative of the one or more measured physi-
ological parameters of the individual; assigning a quality
value to the set of sensor values received from the at
least one of the remote non-contact physiological sen-
sors; retaining the set of sensor values if the assigned
quality value of the set of sensor values meets or exceeds
a minimum quality value threshold; and updating the at
least one flag if the assigned quality value of the set of
sensor values meets or exceeds the minimum quality
value threshold. In addition to the foregoing, other meth-
od aspects are described in the claims, drawings, and
text forming a part of the present disclosure.

[0005] Inanaspect, asystem for controlling acquisition
of sensor information includes, but is not limited to: one
or more condition sensors; one or more physiological
sensors; and computing device operably connected to
the one or more condition sensors and the one or more
physiological sensors, the computing device including a
processor programmed to query at least one of the one
or more condition sensors to initiate measurement of one
or more conditions of an individual relative to the one or
more physiological sensors; receive a set of condition
sensor values from the at least one of the one or more
condition sensors, the set of condition sensor values rep-
resentative of the one or more conditions of the individual
relative to the one or more physiological sensors; assign
a predictive value to the set of condition sensor values;
query at least one of the one or more physiological sen-
sors to measure one or more physiological parameters
of the individual if the assigned predictive value of the
set of condition sensor values meets or exceeds a min-
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imum predictive value threshold; and re-query at least
one of the one or more condition sensors if the assigned
predictive value of the set of condition sensor values fails
to meet or exceed the minimum predictive value thresh-
old. In addition to the foregoing, other system aspects
are described in the claims, drawings, and text forming
a part of the present disclosure.

[0006] In an aspect, a method executed on a comput-
ing device for controlling acquisition of sensor information
includes, but is not limited to: receiving a set of condition
sensor values for an individual from at least one of one
or more condition sensors in response to one or more
queries, the set of condition sensor values representative
of one or more conditions of the individual relative to one
ormore physiological sensors; assigning a predictive val-
ue to the set of condition sensor values; querying at least
one of the one or more physiological sensors to measure
one or more physiological parameters of the individual if
the assigned predictive value of the set of condition sen-
sor values meets or exceeds a minimum predictive value
threshold; and re-querying atleast one of the one or more
condition sensors if the assigned predictive value of the
set of condition sensor values fails to meet or exceed the
minimum predictive value threshold. In addition to the
foregoing, other method aspects are described in claims,
drawings, and text forming a part of the present disclo-
sure.

[0007] Inanaspect, asystem for controlling acquisition
of sensor information includes, but is not limited to: a
computing device including a processor and non-transi-
tory signal-bearing medium bearing one or more instruc-
tions for controlling acquisition of information from one
or more sensors, the non-transitory signal-bearing me-
dium including one or more instructions for generating at
least one flag indicating a need to measure one or more
physiological parameters of an individual based on one
or more need-measurement criteria; one or more instruc-
tions for querying at least one of one or more condition
sensors to measure one or more conditions of the indi-
vidual relative to one or more physiological sensors in
response to the atleast one flag; one or more instructions
for receiving a set of condition sensor values from the at
least one of the one or more condition sensors, the set
of condition sensor values representative of the one or
more conditions of the individual relative to the one or
more physiological sensors; one or more instructions for
assigning a predictive value to the set of condition sensor
values; one or more instructions for re-querying at least
one of the one or more condition sensors if the assigned
predictive value of the set of condition sensor values fails
to meet or exceed a minimum predictive value threshold;
one or more instructions for querying at least one of the
one or more physiological sensors to measure one or
more physiological parameters of the individual if the as-
signed predictive value of the set of condition sensor val-
ues meets or exceeds the minimum predictive value
threshold; one or more instructions for receiving a set of
physiological sensor values from the at least one of the
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one or more physiological sensors, the set of physiolog-
ical sensor values representative of the measured one
or more physiological parameters; one or more instruc-
tions for assigning a quality value to the set of physiolog-
ical sensor values received from the at least one of the
one or more physiological sensors; one or more instruc-
tions for retaining the set of physiological sensor values
if the assigned quality value of the set of physiological
sensor values meets or exceed a minimum quality value
threshold; and one or more instructions for updating the
at least one flag indicating the need to measure the one
or more physiological parameters of the individual if the
assigned quality value of the set of physiological sensor
values meets or exceeds the minimum quality value
threshold. In addition to the foregoing, other system as-
pects are described in the claims, drawings, and text
forming a part of the present disclosure.

[0008] The foregoing summary is illustrative only and
is not intended to be in any way limiting. In addition to
the illustrative aspects, embodiments, and features de-
scribed above, further aspects, embodiments, and fea-
tures will become apparent by reference to the drawings
and the following detailed description.

[0009] A system in accordance with the invention is
defined in claim 1. A method in accordance with the in-
vention is defined in claim 13. A computer program prod-
uctin accordance with the inventionis defined in claim 14.

BRIEF DESCRIPTION OF THE FIGURES
[0010]

FIG. 1 is a schematic of a system for controlling ac-
quisition of information from physiological sensors.
FIG. 2 is a schematic of a computing device.

FIG. 3 is a schematic of an embodiment of a system
such as shown in Fig. 1.

FIG. 4 is a schematic of an embodiment of a system
such as shown in Fig. 1.

FIG. 5 is a schematic of an embodiment of a system
such as shown in Fig. 1.

FIG. 6 is a schematic of a system.

FIG. 7 is a flowchart of a method of controlling ac-
quisition of information from physiological sensors.
FIG. 8 is a flowchart illustrating aspects of a method
such as shown in Fig. 7.

FIG. 9 is a flowchart showing aspects of a method
such as depicted in Fig. 7.

FIG. 10 is a flowchart depicting aspects of a method
such as illustrated in Fig. 7.

FIG. 11 is aflowchart illustrating aspects of a method
such as shown in Fig. 7.

FIG. 12 is a schematic of a system for controlling
acquisition of information from physiological sen-
sors.

FIG. 13 is a schematic of an embodiment of a system
such as shown in Fig. 12.

FIG. 14 is a schematic of an embodiment of a system
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such as shown in Fig. 12.

FIG. 15is a schematic of an embodiment of a system
such as shown in Fig. 12.

FIG. 16 is a schematic of an embodiment of a system
such as shown in Fig. 12.

FIG. 17 is a schematic of an embodiment of a system
such as shown in Fig. 12.

FIG. 18 is a flow chart illustrating an embodiment of
steps for controlling acquisition of information from
physiological sensors.

FIG. 19 is a flow chart of a method of controlling
acquisition of information from physiological sen-
sors.

FIG. 20 is aflowchartillustrating aspects of a method
such as shown in Fig. 19.

FIG. 21 is a flowchart showing aspects of a method
such as depicted in Fig. 19.

FIG. 22 is a flowchart depicting aspects of a method
such as illustrated in Fig. 19.

FIG. 23 is aflowchartillustrating aspects of a method
such as shown in Fig. 19.

FIG. 24 is a schematic of a system for controlling
acquisition of information from physiological sen-
sors.

DETAILED DESCRIPTION

[0011] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates oth-
erwise. Theillustrative embodiments described in the de-
tailed description, drawings, and claims are not meant to
be limiting. Other embodiments may be utilized, and oth-
er changes may be made, without departing from the
spirit or scope of the subject matter presented here.
[0012] Systems and methods are described for con-
trolling acquisition of information from one or more sen-
sors. The systems and methods include controlling ac-
quisition of information from one or more physiological
sensors placed in a residential space. In a non-limiting
example, the systems and methods described herein
may be used to control acquisition of information from
one or more physiological sensors configured to monitor
one or more physiological parameters associated with a
medical condition. The medical condition can include,
but is not limited to, a pulmonary condition (e.g., asthma,
chronic obstructive pulmonary disease), a metabolic con-
dition (e.g., diabetes, obesity), a renal condition (e.g.,
kidney failure), a mental condition (e.g., schizophrenia,
bipolar disorder), a neurodegenerative condition (e.g.,
Alzheimer’s disease, Parkinson’s, multiple sclerosis), a
cardiovascular condition (e.g., heart failure, peripheral
artery disease), or a cancer condition.

[0013] In a non-limiting example, the systems and
methods described herein may be used to control acqui-
sition of information from one or more physiological sen-
sors configured to monitor an individual diagnosed with
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heart failure. Heart failure is a chronic, progressive con-
dition in which the quantity of blood pumped by the heart
each minute, i.e., cardiac output, is insufficient to meet
an individual’s normal requirements for oxygen and nu-
trients. The symptoms of heart failure include but are not
limited to shortness of breath, fatigue, edema, rapid
weight gain, a weak and often rapid heart rate, reduced
blood pressure, exercise intolerance, certain abnormal-
ities in heart sounds, an enlarged heart, swollen neck
veins, fluid in the lungs, and enlarged liver. Heart failure
can be caused by any of a number of conditions or dis-
eases that affect the heart muscle and/or interfere with
blood circulation, impairing the ability of the heart to con-
tractand pump blood. The most common causes of heart
failure include coronary artery disease, hypertension,
and/or valvular heart diseases. Risk factors for develop-
ing heart failure include hypertension, atherosclerotic
disease, diabetes, obesity, metabolic syndrome, previ-
ous myocardial infarction, smoking, excessive alcohol
use, and use of certain drugs. Other non-limiting causes
of heart failure include infections, pericardial diseases,
connective tissue disease, infiltrative diseases, tachycar-
dia, obstructive cardiomyopathy, neuromuscular dis-
ease, metabolic disorders, nutritional disorders, pheo-
chromocytoma, radiation, endomyocardial fibrosis, eosi-
nophilic endomyocardial disease, hyperthyroidism, ane-
mia, Paget's disease, peripartum cardiomyopathy, and
dilated idiopathic cardiomyopathy (see, e.g., Shamsham
& Mitchell, Am. Fam. Physician 61:1319-1328, 2000.
For an extensive review of heart failure from the American
College of Cardiology Foundation and the American
Heart Association Task Force, see, e.g., Hunt et al. Cir-
culation, 119:e391-e479, 2009.

[0014] An individual who is able to manage the symp-
toms of heart failure through medication and life-style
changes is said to have "compensated" heart failure.
Sometimes the symptoms may suddenly get worse, in-
dicating the onset of acute "decompensated" heart fail-
ure. Acute decompensated heart failure is defined as the
sudden or gradual onset of the sign or symptoms of heart
failure requiring unplanned office visits, emergency room
visits, or hospitalization. It is important to monitor symp-
toms of initiation of heart failure in at-risk individuals and
of worsening heart failure in those individuals who have
been previously diagnosed with heart failure.

[0015] With reference to Figure 1, shown is a schemat-
ic of a system for controlling acquisition of information
from one or more sensors. System 100 includes one or
more physiological sensors 110 and computing device
120. Computing device 120 includes a processor 130
programmed to query and receive from the one or more
physiological sensors 110 information regarding one or
more physiological parameters of an individual 140.
[0016] Computing device 120 of system 100 includes
processor 130 programmed to query at least one of the
one or more physiological sensors to measure one or
more physiological parameters of an individual in re-
sponse to at least one flag indicating a need to measure
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the one or more physiological parameters 145; receive
a set of sensor values from the at least one of the one or
more physiological sensors, the set of sensor values rep-
resentative of the measured one or more physiological
parameters 150; assign a quality value to the set of sen-
sor values received from the at least one of the one or
more physiological sensors 155; retain the set of sensor
values if the assigned quality value of the set of sensors
values meets or exceeds a minimum quality value thresh-
old 160; update the atleast one flag if the assigned quality
value of the set of sensor values meets or exceeds the
minimum quality value threshold 165.

System 100 includes one or more physiological sensors
110 configured to measure one or more physiological
parameters of an individual. The one or more physiolog-
ical parameters of an individual include, but are not lim-
ited to, height, weight, facial features, visible physical
malformations, eye characteristic, appearance of skin,
appearance of hair, appearance of nails, respiratory
sounds, body temperature, blood gas level, heart rate,
brain electrical activity, respiration rate, agitation, perspi-
ration, tremor, facial expression, blood chemistries,
blood cell counts, platelet counts, antibody titer, calcium
level, blood antigen type, tissue antigen type, evidence
of a pathogen exposure, lipid levels, perception of pain
level, body movement, gait, stiffness, evidence of cogni-
tion state, dehydration, pain, malaise, injury, rigor, fever,
light-headedness or dizziness, dry mouth, thirst, short-
ness of breath, nausea, weakness, sleepiness, hearing
loss or problem, vision loss or problem, constipation, di-
arrhea, flatulence, urinary incontinence, loss of smell,
loss of voice or problem, loss of ability to walk, to write,
to use a limb. Generally, the one or more physiological
parameters measured by the one or more physiological
sensors 110 are diagnostic for an acute and/or chronic
condition, e.g., heart failure, that is being monitored on
a routine basis in a residential space.

[0017] In one embodiment, the one or more physiolog-
ical sensors are configured to measure one or more phys-
iological parameters of an individual diagnostic for heart
failure. The one or more physiological parameters of the
individual diagnostic for heart failure include, but are not
limited to, one or more of tissue swelling, respiratory
sounds, respiratory rate, heart rate, activity level, auto-
nomic balance, weight, and/or blood oxygenation.
[0018] In one embodiment, one or more physiological
sensors 110 are located in a residential space of an in-
dividual. In one embodiment, the residential space is a
private residence, e.g., a single family home, townhouse,
apartment, or condominium. In one embodiment, the res-
idential space is a multi-individual residential space, e.g.,
a nursing or convalescent home, a group home, or other
short or long-term care facility with multiple residents for
whom individualized physiological monitoring of acute
and/or chronic conditions may be appropriate.

[0019] In one embodiment, one or more physiological
sensors 110 are located in a single room of a residential
space, e.g., a living room or community room. In one
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embodiment, one or more physiological sensors are lo-
cated throughout several rooms of a residential space,
e.g., the living room, kitchen, bedroom, and/or bathroom,
such that the one or more physiological sensors can mon-
itor physiological parameters of an individual at various
times during the day and during various activities, e.g.,
sitting, walking, eating, doing housework, toileting, sleep-
ing, and the like.

[0020] In one embodiment, one or more physiological
sensors 110 are located in an office space, e.g., an indi-
vidual’s office, a conference room, or a lunch room; a
community space, e.g., a bus or train station or an airport,
a theater, a classroom, or a gym; a clinical space, e.g.,
a hospital emergency room, a hospital room, a clinic wait-
ingroom. Ingeneral, the systems and methods described
herein for controlling acquisition of information from sen-
sors are applicable to physiological sensors and other
sensor types arranged in a space so as to monitor aphys-
iological parameter or condition of an individual.

[0021] In one example, the one or more physiological
sensors 110 are configured to physically contact an in-
dividual to measure a physiological parameter. In one
embodiment, the one or more physiological sensors 110
are non-contact sensors, e.g., remote non-conductive
sensors, configured to measure a physiological param-
eter of an individual without physically contacting the in-
dividual.

[0022] Inone embodiment, the one or more physiolog-
ical sensors 110 may be worn by the individual in or on
clothing or jewelry or other accessory, such as in a gar-
ment, wrist band, or glasses, and may be in non-conduc-
tive contact with the body. In one embodiment, the one
or more sensors 110 may be configured for use in an
article of clothing or garment wearable by the individual
and to sense a physiological parameter of the individual
without physically contacting the individual (see, e.g.,
U.S. Patent Application Pub. No. 2006/0058694; WO
2003/048789; Harland, Meas. Sci. Technol. (2003)
14:923-928). In one embodiment, the one or more phys-
iological sensors are incorporated into an accessory
worn on the ankle and configured to measure ankle swell-
ing, heart rate, and other physiological parameters (see,
e.g., U.S. Patent Application Pub. No. 2012/0179020).
In one embodiment, acquisition of information by the one
or more physiological sensors worn on the individual is
controlled by the computing device through one or more
wireless transmissions.

[0023] Inone embodiment, the one or more physiolog-
ical sensors may be incorporated into a wearable or im-
plantable monitor that is in wireless communication with
the computing device. Non-limiting examples of weara-
ble monitors include, but are not limited to, pace makers,
Holter monitors, glucose monitoring devices, insulin de-
livery devices, infusion pumps, or smart clothing/fabrics.
In one embodiment, system 100 may include one or more
non-contact, unobtrusive physiological sensors located
in the residential space, e.g., mounted on one or more
walls of the residence, in addition to one or more wear-
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able or implantable monitors. In one embodiment, the
computing device is programmed to control information
acquisition from the one or more non-contact, unobtru-
sive physiological sensors and the one or more wearable
or implantable monitoring devices.

[0024] In one embodiment, the one or more physiolog-
ical sensors 110, including one or more remote non-con-
ductive sensors, are associated with items in the resi-
dential space. For example, the one or more physiolog-
ical sensors may be located in one or more of furniture,
walls, floors, doors, doorway, or window of the residential
space. In one embodiment, one or more physiological
sensors 110 are located in or proximal to one or more
pieces of furniture in the residential space, non-limiting
examples of which include chairs, bed, tables, computer,
and/or a television set. In one embodiment, one or more
physiological sensors 110 may be incorporated into a
utensil or other household item used by the individual.
For example, the one or more physiological sensors may
be incorporated into an eating utensil, into a toilet, a bath-
room scale, ahandheld device (e.g., a cell phone or tablet
device), or other household item that comes in direct or
indirect contact with the individual on a regular/daily basis
in a residential space. In one embodiment, the one or
more physiological sensors 110 may be included in or
associated with a piece of furniture, such as a desk or
chair, or electronics such as a personal computer, or with
some other remote item located at a specific distance,
e.g., one meter, from the individual. In one embodiment,
the one or more physiological sensors 110 are non-con-
ductive physiological sensors embedded in objects, such
as a bed or chair, and able to measure electric potentials
by direct but non-conductive contact with the individual.
For example, as described in U.S. Patent No. 7,245,956.
[0025] In one embodiment, the one or more physiolog-
ical sensorsinclude atleast one of a sensortype operable
to measure tissue swelling. In general, tissue swelling
and particularly rapid tissue swelling is an indicator of
decompensated heart failure. The degree and rapidity of
retained fluids in the peripheral extremities, e.g., the low-
er extremities, correlate with the severity of heart failure.
In some embodiments, the one or more physiological
sensors are configured to measure changes in the "girth"
or circumference of one or more portions of a lower ex-
tremity. In one embodiment, the one or more physiolog-
ical sensorincludes a sensor capable of measuring water
contentin tissue to detect increased fluid retention using,
for example, multiple-frequency bioimpedance analysis

(see, e.g., Raja et al.,, J. Appl. Physics (2006)
101:1070-1075).
[0026] In one embodiment, the one or more physiolog-

ical sensors are capable of measuring blood oxygena-
tion. Sensors for assessing blood oxygenation include a
pulse oximeter. A pulse oximeter detects and assesses
changes in oxygen saturation. In one embodiment, a
pulse oximeter includes a pair of small light-emitting di-
odes (LEDs) facing a photodiode through a translucent
part of the patient’s body, usually afingertip or an earlobe.
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One LED is red, with wavelength of 660 nm and the other
is infrared, 905, 910, or 940 nm. Absorption at these
wavelengths differs significantly between oxyhemoglob-
in and its deoxygenated form and the oxy-deoxyhemo-
globin ratio can be calculated from the ratio of the ab-
sorption of the red and infrared light. Monitored signal
bounces in time with the heart beat because the arterial
blood vessels expand and contract with each heartbeat.
If oxygen transfer across the lungs or lung function is
compromised and as tissue continue to metabolize oxy-
gen, the percentage of oxyhemoglobin will decrease. In
one embodiment, the one or more physiological sensors
can include near-infrared spiroximetry for non-invasive
measurements of venous saturation (see, e.g., France-
schini et al., J. Appl. Physiol. 92:372-384, 2002).
[0027] Inone embodiment, the one or more physiolog-
ical sensors include one or more image capture device,
e.g., video cameras, or audio sensors, e.g., stand-alone
microphones or microphones associated with an image
capture device, for use in recording images and sounds,
respectively of the individual or surroundings. In one em-
bodiment, an audio sensor is used to measure coughing
or wheezing, shortness of breath, confusion or impaired
thinking as demonstrated in conversation with others, ex-
cessive snoring, or sleep apnea. In one embodiment, an
image capture device is used to measure decrease in
mobility, lack of appetite, e.g., eating less or not at all, or
impaired thinking as observable odd behavior or confu-
sion. In one embodiment, an image capture device is
used to determine medication compliance, one of the
common causes of decompensated heart failure. In one
embodiment, an image capture device is used to meas-
ure jugular venous distension. In one embodiment, the
information acquired by the image capture device and/or
audio sensor are analyzed by the computing device using
an algorithm. In one embodiment, the information ac-
quired by the image capture device and/or audio sensor
are analyzed by a physician or other caregiver.

[0028] In one embodiment, the one or more physiolog-
ical sensors include an accelerometer to monitor move-
ment, e.g., exercise or general mobility during waking
hours. Similarly, the accelerometer or step counter in
combination with a clock can be used to assess distance
traveled in a specified period of time. For example, one
measure of exercise tolerance is the distance traveled
during a 6 minute walk. This can also be combined with
measures of other physiological parameters such as
heart rate, blood pressure, blood oxygenation, etc., to
provide information regarding the cardiovascular fitness
of an individual.

[0029] Inone embodiment, the one or more physiolog-
ical sensors 110 include at least one of ultrasound, bio-
impedance, or infrared thermometry. In one embodi-
ment, the one or more physiological sensors include au-
diovisual sensors (e.g., cameras that are audio and/or
video recorders), eye trackers (e.g., images). See, for
example, U.S Patent App. Pub Nos. 2010/0049045;
2006/0190419; 2008/0039698; or 2010/0174533.



11 EP 2 934 301 B1 12

[0030] In one embodiment, the one or more physiolog-
ical sensors 110 may sense heart beatintervals and elec-
trocardiographic information by examining physiological
activity of the individual or its organs and may be operable
to sense a physiological parameter of the individual in
response to an electromagnetic signal sent at or illumi-
nating the individual and reflected from the individual. In
one embodiment, the illuminating may include exposing,
subjecting, or directing energy at the subject. Systems
using illuminating or reflected electromagnetic signals in-
cluding radiofrequency (RF) or microwave signals, are
described in U.S. Patent No. 7,272,431; or U.S. Patent
Application No. 2008/0045832. In one embodiment, the
one or more physiological sensors 110 include one or
more sensors incorporating ultra-wideband radar (see,
e.g., Staderini IEEE AESS Systems Magazine, January
2002, pp. 13-18). An example of an ultra-wideband sen-
sor for monitoring respiration, heartrate, and body move-
ments is available from HOLUX Technology Inc., Hsin-
chu, Taiwan. In one embodiment, ultra-wideband sen-
sors can be used to detect physiological parameters,
e.g.,heartrate andrespiration, in the presence of multiple
individuals (see, e.g., Rivera et al., "Multi-target estima-
tion of heart and respiration rates using ultra wideband
sensors," European Signal Processing Conference,
Sept. 4-8, 2006, Florence, Italy). In one embodiment, the
one or more physiological sensors 110 include one or
more sensors incorporating micro impulse radar, a low-
power form of ultra-wideband radar. For example, the
heart rate of an individual can be monitored continuously
using non-contact micro impulse radar (see, e.g.,
Michahelles et al., (2004) Proceedings of the Eighth In-
ternational Symposium on Wearable Computers
(ISWC’04) 1530-0811/04; U.S. Patent Application Pub.
No.2008/0007445). In one embodiment, the one or more
physiological sensors 110 include one or more sensors
incorporating microwave Doppler radar to remotely
measure heart activity of an individual (see, e.g., Obeid
et al., International Conference on Communications
Workshops (2009), 10.1109/ICCW.2009.5208084).
[0031] In one embodiment, the one or more physiolog-
ical sensors 110 include one or more capacitive-type sen-
sor. In one embodiment, the one or more capacitive-type
sensors are configured to sense bioelectric signals
and/or bioelectric fields produced by an individual, for
use in EEG, ECG, EOG and EMG. See, for example,
U.S. Patent No. 7,173,437.

[0032] In one embodiment, the one or more physiolog-
icalsensors 110include, forexample, one ormore acous-
ticsensors, optical sensors, electromagnetic energy sen-
sors, image sensors, photodiode arrays, charge-coupled
devices (CCDs), complementary metal-oxide-semicon-
ductor (CMOS) sensors, transducers, optical recognition
sensors, infrared sensors, radio frequency component
sensors, thermo sensors, three-dimensional sensors
(e.g., to assess the individual’s facial expressions exhib-
iting pain or discomfort, flushing or redness, or an indi-
vidual’s gait or movements, etc.).
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[0033] In one embodiment, one or more physiological
sensors 110, which may be or include a sensor array,
may be deployed, for example, throughout a room, per-
haps as part of a smart room network, so as to monitor
the individual at rest or in motion. For example, in one
embodiment, the one or more physiological sensors 110
may include a sensor array configured to measure a
physiological parameter of an individual without physi-
cally contacting the individual. In one embodiment, the
sensor array may include at least two sensor heads, each
of the at least two sensor heads measuring the same
physiological parameter of the individual. In one embod-
iment, the sensor array may include at least two sensor
heads, each of the at least two sensor heads measuring
different physiological parameters of the individual. For
example, one of the sensor heads may be configured to
measure respiratory rate, another sensor head config-
ured to measure respiratory sounds, and a further sensor
head configured to measure blood pressure. In one em-
bodiment, the one or more physiological sensors 110 in-
clude one or more physiological sensors responsive,
without physically contacting the individual, to an imped-
ance, capacitance, permittivity, reflectivity, absorption,
or electrical activity of the individual.

[0034] Inone embodiment, the one or more physiolog-
ical sensors are part of a wireless sensor network (WSN).
In one embodiment, the WSN consists of spatially dis-
tributed physiological sensors, the physiological sensors
distributed in one or more rooms of a residential space.
In one embodiment, the physiological sensors coopera-
tively pass data through the network to the computing
device. In one embodiment, data is passed through the
network to the computing device through one or more
nodes. In one embodiment, the one or more physiological
sensors in the WSN are in communication with one an-
other and the computing device through a non-line-of-
sight optical wireless communication (see, e.g., Kedar &
Arnon, Applied Optics (2006) 45:8454-8461).

[0035] Inone embodiment, the one or more physiolog-
ical sensors 110 include a sensor device configured to
sense a physiological parameter of the individual without
physically touching the subject. In one embodiment, the
sensor device includes a sensor device configured to
sense a physiological parameter of an individual without
resistive contact with the individual. In one embodiment,
the sensor device includes a sensor device configured
to sense a physiological parameter of an individual with-
out electrically conductive contact with the individual. In
one embodiment, the sensor device includes a sensor
device configured to sense a physiological parameter of
an individual across a non-electrically conductive gap
with the individual.

[0036] Inone embodiment, the one or more physiolog-
ical sensors 110 include an electrodynamic sensor de-
vice configured to sense an electrical activity of the heart
of an individual without physically contacting the individ-
ual. Forexample, the electrodynamic sensor may be con-
figured to sense a heart rate, electrical activity of the
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heart, such as electrocardiography (ECG), or conductiv-
ity. An example of a high inputimpedance electrodynam-
ic sensor device configured to sense an electrical activity
ofaheart of an individual without contacting the individual
is described in U.S. Patent Application Pub. No.
2006/0058694; WO 2003/048789. In one embodiment,
the physiological sensorincludes an adaptive electric po-
tential sensor device configured to sense a physiological
parameter of an individual without physically contacting
the individual. An example of an adaptive electric poten-
tial sensor device configured to sense a physiological
parameter of an individual without physically contacting
the individual is described in Prance et al., J. Physics:
Conference Series (2007) 76:012025. In one embodi-
ment, the physiological sensor includes an electric po-
tential probe sensor device configured to sense a phys-
iological parameter of an individual without physically
contacting the individual. An example of an electric po-
tential probe sensor device configured to sense a body’s
electrical activity or signals, such as for example arterial
pulse or other body electrodynamics, of an individual
without physically contacting the individual is described
in Harland et al., Meas. Sci. Tech. (2002) 13:163-169.
[0037] Inone embodiment, the one or more physiolog-
ical sensors 110 include a sensor configured to sense at
least one of an electrical, acoustic, thermal, absorption,
reflection, gaseous emission, or transmissibility of an in-
dividual. In one embodiment, a thermal characteristic
may include an infrared measured thermal physiological
parameter of an individual, e.g., body temperature. In
one embodiment, athermal physiological parameter may
include microwave length (3-30 cm) electromagnetic ra-
diation naturally emitted by an individual. For example,
a physiological sensor configured to sense a thermal
physiological parameter of an individual includes a mi-
crowave radiometer operable to measure natural elec-
tromagnetic radiation from the individual’s internal tissue
in the microwave range. In one embodiment, the micro-
wave radiometer may be combined with an infrared sen-
sor (see, e.g., Avagyan et al., ICMART ’'99 International
Medical Acupuncture Symposium 7, Riga, (May 21023,
1999; Pub. No. WO 2006/091123).

[0038] Theone ormore physiological sensors 110 may
further include one or more detectors 111. In one em-
bodiment, numerous different types of detectors 111 are
operably coupled to one or more physiological sensors
110. Non-limiting examples of detectors include elec-
trodes, surface plasmon resonance detectors, microe-
lectromechanical systems detectors, microcantilever de-
tectors, nitric oxide detectors, osmotic detectors, relativ-
ity-based detectors, chemical detectors, pressure detec-
tors, electrochemical detectors, piezoelectric detectors,
pH detectors, hydrogel detectors, enzymatic detectors,
ball integrated circuit detectors, affinity viscosimetric de-
tectors, blood pressure detectors, glucose detectors, and
the like (see, e.g.,U.S. PatentNos. 6,280,604; 7,168,294;
6,823,717;7,205,701; 6,268,161; 6,210,326; 6,514,689;
6,234,973; Tu et al., Electroanalysis, 11:70-74 (1999)).
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[0039] The one or more physiological sensors 110 are
operably coupled to computing device 120. Computing
device 120 controls acquisition of information from one
or more physiological sensors 110 based on a series of
on/off flags (or activated/inactivated flags) stipulated by
need-measurement criteria as part of a monitoring
schedule. For example, in one embodiment, computing
device 120 is programmed or operable to control one or
more times when one or more physiological sensors 110
detect one or more signals related to one or more phys-
iological parameters of individual 140. In one embodi-
ment, the computing device 120 is programmed or op-
erable to control one or more time periods when one or
more physiological sensors 110 detect one or more sig-
nals from the individual that are related to one or more
physiological parameters of the individual. In some em-
bodiments, the one or more physiological sensors are
operably connected to more than one computing device.
For example, in a residence where more than one indi-
vidual is being monitored, each individual’s monitoring
instructions or schedule, e.g., need-measurement crite-
ria, may be stored in separate computing devices, each
computing device separately programmed or operable
to query the one or more physiological sensors in the
residence to separately measure the physiological pa-
rameters of each individual according to individualized
need-measurement criteria.

[0040] In one embodiment, one or more physiological
sensors 110 include circuitry 112 thatis operably coupled
to one or more detectors 111. In one embodiment, one
or more physiological sensors 110 include circuitry 112
that is configured to be operably coupled to computing
device 120. In one embodiment, one or more physiolog-
ical sensors 110 include circuitry 112 that is configured
to be operably coupled to one or more sensor power
sources 113. In one embodiment, one or more physio-
logical sensors 110 include circuitry 112 that is config-
ured to be operably coupled to one or more sensor re-
ceivers 114. In one embodiment, one or more physiolog-
ical sensors 110 include circuitry 112 that is configured
tobe operably coupled to one or more sensortransmitters
115.

[0041] Inone embodiment, a physiological sensor 110
includes one or more sensor power sources 113 (includ-
ing but not limited to batteries). In one embodiment, a
physiological sensor 110 is operably coupled to one or
more sensor batteries. In one embodiment, the one or
more sensor batteries include nickel-cadmium, nickel-
zinc, nickel-metal hydride, and/or lithium ion batteries. In
one embodiment, the power source energy is renewable,
e.g., from solar sources, temperature differences, or vi-
bration. In one embodiment, a sensor battery includes a
thin-film fuel cell such as a solid oxide type (SOFC), a
solid polymer type (SPFC), a proton exchange mem-
brane type (PEMFC), and/or substantially any combina-
tion thereof. Methods to fabricate such thin-film fuel cells
are known and have been described (see, e.g., U.S. Pat-
ent No. 7,189,471). In one embodiment, one or more
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sensor batteries include one or more storage films that
are configured for energy storage and energy conver-
sion. Methods to fabricate such storage films are known
and have been described (see, e.g., U.S. Patent No.
7,238,628). In one embodiment, power source 113 is a
bio-based battery (see, e.g., U.S. Patent No. 6,994,934).
In one embodiment, power source 113 include thin-film
batteries. Methods to fabricate thin-film batteries, includ-
ing thin film microbatteries, are known and have been
described (see, e.g., U.S. Patent No. 7,194,801). In one
embodiment, one or more sensor electromagnetic re-
ceivers (not shown) are used to electromagnetically cou-
ple power to energize one or more sensors 110 from an
external power source. Methods to construct electromag-
netic receivers have been described (see, e.g., U.S. Pat-
ent No. 5,571,152). In one embodiment, the receiver
and/or transmitter are not part of the sensor.

[0042] In one embodiment, the system 100 includes
one or more sensor transmitters 115. Numerous types
of transmitters 115 can be used in association with sys-
tem 100. Examples of such transmitters include, but are
not limited to, transmitters that transmit one or more
acoustic signals, optical signals, radio signals, wireless
signals, hardwired signals, infrared signals, ultrasonic
signals, and the like. In one embodiment, one or more
sensortransmitters 115 may transmit one or more signals
that are encrypted. Numerous types of transmitters are
known and have been described (see, e.g., U.S. Patent
Nos. 7,236,595; 7,260,155; 7,227,956).

[0043] In one embodiment, the system 100 includes
one or more sensor receivers 114. Numerous types of
sensor receivers 114 may be used in association with
system 100. Examples of such sensor receivers include,
but are not limited to, receivers that receive one or more
acoustic signals, optical signals, radio signals, wireless
signals, hardwired signals, infrared signals, ultrasonic
signals, and the like. Such receivers are known and have
been described (see, e.g., U.S. Patent Nos. 7,218,900;
7,254,160; 7,245,894).

[0044] In one embodiment, a signal can be an external
signal 180. Examples of such signals include, but are not
limited to, analog signals, digital signals, acoustic signals,
optical signals, radio signals, wireless signals, hardwired
signals, infrared signals, ultrasonic signals, and the like.
In one embodiment, one or more signals may not be en-
crypted. In one embodiment, one or more signals may
be encrypted (see, e.g., Pathan et al., International Con-
ference Advanced Communication Technology, Feb.
2-22, 2006, pp. 1043-1048). In one embodiment, one or
more signals may be sent through use of a secure mode
of transmission. In one embodiment, one or more signals
may be coded for receipt by a specific user. In one em-
bodiment, such code may include anonymous code that
is specific for a user. Accordingly, information included
within one or more signals may be protected against be-
ing accessed by others who are not the intended recipi-
ent.

[0045] In one embodiment, the information gathered
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by the one or more sensors 110 is communicated to com-
puting device 120. In one embodiment, the information
received by computing device 120 from the one or more
physiological sensors 110 has already been processed
by the sensor to indicate a value, e.g., a heart rate or a
temperature. In some embodiments, the information re-
ceived by computing device 120 from one or more phys-
iological sensors 110 is received as raw data, e.g., an
electrical, electromagnetic, or optical signal, which the
processor is able to transform into meaningful informa-
tion or value point, e.g., a heart rate or a temperature. In
one embodiment, information may be communicated to
computing device 120 of system 100 electronically. In
one embodiment, information may be communicated to
computing device 120 wirelessly using, for example,
Bluetooth technology.

[0046] Computing device 120 can take various forms
or be part of an object, such as a limited resource com-
puting device, a wireless communication device, a mobile
wireless communication device, an electronic pen, a
handheld electronic writing device, a tablet, a digital cam-
era, a scanner, an ultrasound device, an x-ray machine,
a non-invasive imaging device, a cell phone, a PDA, an
electronic tablet device, a medical apparatus (implanta-
ble or otherwise), or a printer.

[0047] Figure 2 illustrates further embodiments of a
computing device. Computing device 200 includes a
processing unit221, a system memory 222, and a system
bus 223 that couples various system components includ-
ing the system memory 222 to the processing unit 221.
Processing unit221 caninclude a microprocessor, a cen-
tral processing unit (CPU), a digital signal processor
(DSP), an application-specific integrated circuit (ASIC),
a field programmable gate entry (FPGA), or the like, or
any combinations thereof, and caninclude discrete digital
or analog circuit elements or electronics, or combinations
thereof. In one embodiment, the computing device in-
cludes one or more ASICs having a plurality of predefined
logic components. In one embodiment, the computing
device includes one or more FPGAs having a plurality of
programmable logic commands.

[0048] The system bus 223 may be any of several
types of bus structures including a memory bus or mem-
ory controller, a peripheral bus, and a local bus using any
of a variety of bus architectures. By way of example, and
not limitation, such architectures include Industry Stand-
ard Architecture (ISA) bus, Micro Channel Architecture
(MCA) bus, Enhanced ISA (EISA) bus, Video Electronics
Standards Association (VESA) local bus, and Peripheral
Component Interconnect (PCI) bus, also known as Mez-
zanine bus.

[0049] The computing device can include one or more
computer-readable media drives, interface sockets, Uni-
versal Serial Bus (USB) ports, memory card slots, or the
like, and one or more input/output components such as,
for example, a graphical user interface, a display, a key-
board, a keypad, a trackball, a joystick, a touch-screen,
a mouse, a switch, a dial, or the like, and any other pe-
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ripheral device. In some embodiments, one or more user
input/output components are operably coupled to the
computing device to control (electrical, electromechani-
cal, software-implemented, firmware-implemented, or
other control, or combinations thereof) entry of an indi-
vidual's need-measurement criteria and monitoring
schedule.

[0050] The system memory includes read-only mem-
ory (ROM) 224 and random access memory (RAM) 225.
A basic input/output system (BIOS) 226, containing the
basic routines that help to transfer information between
sub-components within computing device 200, such as
during start-up, is stored in the ROM 224. A number of
program modules may be stored in the ROM 224 or RAM
225, including an operating system 227, one or more
application programs 228, other program modules 229
and program data 230.

[0051] A user may enter commands and information
into the computing device 200 through user input devic-
es, such as a number of switches and buttons, illustrated
as hardware buttons 244, connected to the system via a
suitable interface 245. Input devices 231 may further in-
clude a touch-sensitive display with suitable input detec-
tion circuitry, illustrated as a display 232 and screen input
detector 233. The output circuitry of the touch-sensitive
display 232 is connected to the system bus 223 via a
video driver 237. Other input devices may include a mi-
crophone 234 connected through a suitable audio inter-
face 235, and a physical hardware keyboard 210. Output
devices may include at least one the display 232, or a
projector display 236.

[0052] In addition to the display 232, the computing
device 200 may include other peripheral output devices,
such as at least one speaker 238. Other external input
or output devices 239, such as a joystick, game pad,
satellite dish, scanner or the like may be connected to
the processing unit 221 through a USB port 240 and USB
port interface 241, to the system bus 223. Alternatively,
the other external input devices 231 and output devices
239 may be connected by other interfaces, such as a
parallel port, game port or other port. The computing de-
vice 200 may further include or be capable of connecting
to a flash card memory (not shown) through an appro-
priate connection port (not shown). The computing de-
vice 200 may further include or be capable of connecting
with a network through a network port 242 and network
interface 243, and through wireless port 246 and corre-
sponding wireless interface 247 may be provided to fa-
cilitate communication with other peripheral devices, in-
cluding one or more condition sensors, one or more phys-
iological sensors, other computers, printers, and so on
(not shown). It will be appreciated that the various com-
ponents and connections shown are examples and other
components and means of establishing communication
links may be used.

[0053] A user may enter commands and information
into the computing device 200 through input device 231
such as a microphone, keyboard, or pointing device,
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commonly referred to as a mouse, trackball, or touch
pad. Other input devices may include at least one of a
touch sensitive display, joystick, game pad, satellite dish,
and scanner. These and other input devices are often
connected to the processing unit through a user input
interface that is coupled to the system bus, but may be
connected by other interface and bus structures, such
as a parallel port, game port, or a universal serial bus
(USB).

[0054] The computing device 200 may be designed to
include a user interface. The user interface may include
a character, a key-based, or another user data input via
a keyboard or touch sensitive display. The user interface
may include using a stylus (not shown). Moreover, the
user interface is not limited to an actual touch-sensitive
panel arranged for directly receiving input, but may alter-
natively or in addition respond to another input device
such as the microphone 234. For example, spoken words
may be received at the microphone 234 and recognized.
[0055] In certain instances, the computing system typ-
ically includes a variety of computer-readable media
products. Computer-readable media may include any
media that can be accessed by the computing device
200 and include both volatile and nonvolatile media, re-
movable and non-removable media. By way of example,
and not of limitation, computer-readable media may in-
clude non-transitory signal-bearing media. By way of ex-
ample, and not of limitation, computer-readable media
may include computer storage media. By way of further
example, and not of limitation, computer-readable media
may include a communication media.

[0056] Communication media may typically embody
computer-readable instructions, data structures, pro-
gram modules, or other data in a modulated data signal
such as a carrier wave or other transport mechanism and
include any information delivery media. The term "mod-
ulated data signal" means a signal that has one or more
of its characteristics set or changed in such a manner as
to encode information in the signal. By way of example,
and not limitation, communication media may include
wired media, such as a wired network and a direct-wired
connection, and wireless media such as acoustic, RF,
optical, and infrared media.

[0057] The computing device 200 may also include
other removable/non-removable, volatile/nonvolatile
computer storage media products. For example, such
media includes a non-removable non-volatile memory in-
terface (hard disk interface) 245 reads from and writes
for example to non-removable, non-volatile magnetic
media, or aremovable non-volatile memory interface 250
that, for example, is coupled to a magnetic disk drive 251
that reads from and writes to a removable, non-volatile
magnetic disk 252, or is coupled to an optical disk drive
255 that reads from and writes to a removable, non-vol-
atile optical disk 256, such as a CD ROM. Other remov-
able/nonremovable, volatile/non-volatile computer stor-
age media that can be used in the example operating
environmentinclude, butare not limited to, magnetic tape
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cassettes, memory cards, flash memory cards, DVDs,
digital video tape, solid state RAM, and solid state ROM.
The hard disk drive 257 is typically connected to the sys-
tem bus 223 through a non-removable memory interface,
such as the interface 245, and magnetic disk drive 251
and optical disk drive 255 are typically connected to the
system bus 223 by a removable non-volatile memory in-
terface, such as interface 250.

[0058] The drives and their associated computer stor-
age media discussed above provide storage of compu-
ter-readable instructions, data structures, program mod-
ules, and other data for the computing device 200.
[0059] The computing device may operate in a net-
worked environment using logical connections to one or
more remote computers, such as aremote computer 280.
The remote computer 280 may be a personal computer,
a server, arouter, a network PC, a peer device, or other
common network node, and typically includes many or
all of the elements described above relative to the com-
puting device 200. The network logical connections in-
clude alocal area network (LAN) and a wide area network
(WAN), and may also include other networks such as a
personal area network (PAN) (not shown). Such network-
ing environments are commonplace in offices, enter-
prise-wide computer networks, intranets, and the Inter-
net.

[0060] When used in a networking environment, the
computing device is connected to the network 271
through a network interface, such as the network inter-
face 270, the modem 272, or the wireless interface 293.
The network may include a LAN network environment,
or a WAN network environment, such as the Internet. In
a networked environment, program modules depicted
relative to the computing device 200, or portions thereof,
may be stored in a remote memory storage device. By
way of example, and not limitation, remote application
programs 285 as residing on computer medium 281. It
will be appreciated that the network connections shown
are examples and other means of establishing commu-
nication link between the computers may be used.
[0061] In certain instances, one or more elements of
the computing device 200 may be deemed not necessary
and omitted. In other instances, one or more other com-
ponents may be deemed necessary and added to the
computing device 200.

[0062] In one embodiment, image-based applications
such as viewers and/or toolkits (e.g., Insight Segmenta-
tion and Registration Toolkit (ITK)), are incorporated for
further intake of information. In one embodiment, CAD
implementations or image segmentation may allow
processing of received digital images.

[0063] Computer storage media includes volatile and
nonvolatile, removable and non-removable mediaimple-
mented in any method or technology for storage of infor-
mation such as computer-readable instructions, data
structures, program modules, or other data. Computer
storage media includes, but is not limited to, random-
access memory (RAM), read-only memory (ROM), elec-
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trically erasable programmable read-only memory (EEP-
ROM), flash memory, or other memory technology, CD-
ROM, digital versatile disks (DVD), or other optical disk
storage, magnetic cassettes, magnetic tape, magnetic
disk storage, or other magnetic storage devices, or any
other medium which can be used to store the desired
information and which can be accessed by the computing
device 200. In a further embodiment, a computer storage
media may include a group of computer storage media
devices. Inanother embodiment, acomputer storage me-
dia may include an information store. In another embod-
iment, an information store may include a quantum mem-
ory, a photonic quantum memory, or atomic quantum
memory. Combinations of any of the above may also be
included within the scope of computer-readable media.
[0064] In one embodiment, the computing device in-
cludes a computer-readable media drive or memory slot
that is configured to accept non-transitory signal-bearing
medium (e.g., computer-readable memory media, com-
puter-readable recording media, or the like). In one em-
bodiment, a program for causing a system to execute
any of the disclosed methods can be stored on, for ex-
ample, acomputer-readable recording medium (CRMM),
a non-transitory signal-bearing medium, or the like. Non-
limiting examples of signal-bearing media include a re-
cordable type medium such as magnetic tape, floppy
disk, a hard disk drive, Compact Disc (CD), a Digital Vid-
eo Disk (DVD), Blu-Ray Disc, digital tape, computer
memory, or the like, as well as transmission type medium
such as a digital and/or analog communication medium
(e.g., fiber optic cable, waveguide, wired communica-
tions link, wireless communication link). Further non-lim-
iting examples of signal-bearing media include, but are
not limited to, DVD-ROM, DVD-RAM, DVD+RW, DVD-
RW, DVD-R, DVD+R, CD-ROM, Super Audio CD, CD-
R, CD+R, CD+RW, CD-RW, Video Compact Discs, Su-
per Video Discs, flash memory, magnetic tape, magne-
tooptic disk, MINIDISC, non-volatile memory card, EEP-
ROM, optical disk, optical storage, RAM, ROM, system
memory, web server, cloud, or the like.

[0065] In some embodiments, the computing device
includes one or more modules optionally operable for
communication with one or more input/output compo-
nents that are configured to relay user output/input. In
one embodiment, a module includes one or more instanc-
es of electrical, electromechanical, software-implement-
ed, firmware-implemented, or other control devices.
Such devices include one or more instances of memory,
computing devices, antennas, power or other supplies,
logic modules or other signaling modules, gauges or oth-
er such active or passive detection components, piezo-
electric transducers, shape memory elements, micro-
electro-mechanical systems (MEMS) elements, or other
actuators.

[0066] Figure 3 illustrates further aspects of system
100 depicted in Fig. 1. Computing device 120 of system
100 includes processor 130 programmed to query at
least one of the one or more physiological sensor to
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measure one or more physiological parameters of an in-
dividual in response to at least one flag indicating a need
to measure the one or more physiological parameters,
as shown in block 145. In one embodiment, computing
device 120 including processor 130 is programmed to
generate the atleastone flagindicating the need to meas-
ure the one or more physiological parameters based on
one or more need-measurement criteria, as shown in
block 300. In one embodiment, the one or more need-
measurement criteria include a time of day. For example,
measurement of a specific physiological parameter, e.g.,
resting heart rate, might be best measured at a specific
time inthe morning after waking. For example, measuring
physiological parameters associated with sleep apnea
might be best measured during specific hours of the night,
e.g., when the individual is anticipated to be sleeping.
For example, measuring the individual’'s weight might be
best done at a specific time every 24 hours, e.g., every
morning before showering. In one embodiment, the one
or more need-measurement criteria include an interval
of time since a previous measurement. For example, the
one or more need-measurement criteria may include in-
tervals of time over which a specific physiological param-
eter is measured. For example, the one or more need-
measurement criteria may include measuring an individ-
ual's weight every 24 hours. For example, the one or
more need-measurement criteria may include measuring
anindividual's heart rate every hour. In one embodiment,
the one or more need-measurement criteria include the
number of sensor values needed over time for a reliable
diagnosis. For example, generating a reliable heart rate
may require measuring an individual’'s heart rate for a set
period of time, e.g., a minute or longer, to get an accurate
orreliable heartrate. For example, multiple sensor values
over a given period of time may be needed to overcome
inherent noise in the sensor/computing device transmit-
ting andreceiving functions. For example, a sensor which
transmits a signal marginally above noise may need to
transmit multiple signals to allow for improved signal-to-
noise. In one embodiment, the one or more need-meas-
urement criteria include a number of sensor values with
assigned quality values that meet the minimum quality
value threshold. For example, the computing device may
continue to collect data from a given sensor type until the
sensor values achieve assigned quality values that meet
and/or exceed the minimum quality value threshold, e.g.,
have sufficient signal-to-noise to be considered quality
data and useful for a reliable diagnosis. In one embodi-
ment, the one or more need-measurement criteria in-
clude a health status of the individual. For example, if the
health status of the individual is relatively good, e.g., sta-
ble, then the number of queries may be reduced. If the
health status of the individual is deteriorating, the number
of queries may be increased to more tightly monitor the
condition. In one embodiment, information regarding an
individual’s health status and any associated changes to
the need-measurement criteria are received by the com-
puting device from the individual's physician or other car-
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egiver. In one embodiment, the computing device may
be programmed to automatically update the need-meas-
urement criteria, e.g., increase the number of queries to
one or more of the physiological sensors if the received
sensor values indicate that a health status is deteriorat-
ing. For example, if the sensor values received from an
audio/video sensor indicates that the individual’s breath-
ing has become more labored, the computing device au-
tomatically increases the frequency of querying the au-
dio/video sensor to monitor the potentially deteriorating
situation. Conversely, if it appears that the sensor values
are indicating an improvement trend, e.g., a return to
more normal breathing, the computing device automati-
cally decreases the number of queries to the one or more
physiological sensors.

[0067] Inoneembodiment, the need-measurementcri-
teria are provided to the computing device. In one em-
bodiment, the need-measurement criteria are part of a
monitoring schedule prescribed by a physician or other
caregiver to monitor physiological parameters of the in-
dividual associated with a medical condition. In one em-
bodiment, an individual receives a "prescription" from a
physician or other caregiver in the form of a monitoring
schedule with need-measurement criteria that are loaded
onto a computing device through a portable data storage
device, the Internet, or through an input device, e.g., a
keyboard or touchpad. In one embodiment, the "prescrip-
tion" is placed onto a portable computing device, e.g., a
laptop computer, in a physician’s office and subsequently
taken home for use in controlling one or more physiolog-
ical sensors in the individual’s residence.

[0068] In one embodiment, the computing device
which includes a processor and is programmed to control
acquisition of information from one or more sensors is
located in the residence of the individual. In one embod-
iment, the computing device including a processor and
programmed to control acquisition of information from
one or more sensors is located in a location remote from
theindividual’sresidence, e.g., a physician’s office, clinic,
hospital, or other offsite location. The computing device
in a remote location communicates with the one or more
physiological sensors through a wired or wireless trans-
mission means.

[0069] Insome embodiments, the need-measurement
criteria received by the computing device are updatable.
In one embodiment, updates to the need-measurement
criteria are carried out by downloading the updated need-
measurement criteria from a data storage device, e.g., a
memory stick or USB drive. In one embodiment, the up-
dates to the need-measurement criteria can be received
by the computing device through the Internet. In one em-
bodiment, the need-measurement criteria can be manu-
ally entered into the computing device using a user input
or interface device, e.g., a keyboard or touchpad, asso-
ciated with the computing device. The updates to the
need-measurement criteria can be made by a physician
or other caregiver either on site or at a remote location.
In one embodiment, the updates to the need-measure-
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ment criteria are made by the individual. In some embod-
iments, the need-measurement criteria are updated to
accommodate changes in the health of the individual.
For example, an improvement in an individual’s health
status may decrease the number of times a specific sen-
sor type is queried over the course of aday. For example,
deterioration in an individual’s health status may increase
the number of times and/or the number of types of sen-
sors that are queried over the course of a day. In some
embodiments, the need-measurement criteria are updat-
ed to accommodate changes in the number and/or iden-
tity of individuals residing in a particular residence.
[0070] Returning to Figure 3, computing device 120
including processor 130 is optionally programmed to que-
ry the at least one of the one or more physiological sen-
sors in a time dependent manner, as illustrated in block
310. In one embodiment, the computing device is pro-
grammed to query the one or more physiological sensors
in a time dependent manner 310 in response to a flag
indicating a need to measure one or more physiological
parameters generated based on a need-measurement
criteria.

[0071] In one embodiment, computing device 120 in-
cluding processor 130 is optionally programmed to query
the at least one of the one or more physiological sensors
in a sensor dependent manner, as illustrated in block
320. In one embodiment, the computing device is pro-
grammed to query a physiological sensor in a sensor
dependentmannerin response to a flag indicating a need
to measure one or more physiological parameters gen-
erated based on a need-measurement criteria. For ex-
ample, a first sensor type may provide more reliable in-
formation then a second sensor type and consequently
fewer data points are required from the first sensor type
relative to the second sensor type to acquire data suffi-
cient for a reliable diagnosis. For example, a first sensor
type may be queried 3 times over a given period of time
while a second sensor type is queried 10 times over the
same period of time.

[0072] In one embodiment, computing device 120 in-
cluding processor 130 is optionally programmed to query
the at least one of the one or more physiological sensors
based on a number of previous queries to the at least
one of the one or more physiological sensors, as illus-
trated in block 330. For example, if a specific sensor type
has been queried 7 times and the need-measurement
criteria include querying this specific sensor type 10
times, the computing device is programed to query the
sensor until it has been queried 10 times.

[0073] In one embodiment, computing device 120 in-
cluding processor 130 is optionally programmed to query
the at least one of the one or more physiological sensors
based on a health status of the individual, as illustrated
in block 340. In one embodiment, the computing device
is programmed to query the one or more physiological
sensors based on the health status of the individual in
response to atleastone flag indicating a need to measure
one or more physiological parameters generated based
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on aneed-measurementcriteria. In one embodiment, the
computing device may be programmed to query at least
one of the one or more physiological sensors based on
the individual’s medical condition. For example, in a res-
idential space with a variety of sensor types, monitoring
an individual with heart failure can involve querying a
micro impulse radar-based sensor and an audio/video
sensor to monitor heart rate/respiratory rate and breath-
ing while monitoring an individual with schizophrenia, for
example, may involve audio/video monitoring. In one em-
bodiment, the computing device may be programmed to
query at least one of the one or more physiological sen-
sors based on the severity of the individual's medical
condition. For example, the more severe the condition,
the more frequently the one or more physiological sen-
sors may be queried. For example, the more severe the
condition, the more different types of physiological sen-
sors may be queried to monitor different physiological
parameters associated with the condition.

[0074] In one embodiment, computing device 120 in-
cluding processor 130 is optionally programmed to query
the at least one of the one or more physiological sensors
based on the identity of the individual, as illustrated in
block 350. For example, in a multi-individual residence,
the one or more physiological sensors can be queried at
different times using individualized need-measurement
criteria resulting in a monitoring schedule of queries spe-
cific for each individual. For example, each of the indi-
viduals requiring monitoring may have a separate set of
need-measurement criteria that informs the computing
device as to when to generate a flag for querying the one
or more physiological sensors. The timing and types of
sensor queries may vary from one individual to the next.
In one embodiment, biometric information is obtained to
determine which individual has entered a specific room.
In one embodiment, sensors may be queried on a set
schedule and biometric information attained at the same
time to determine which individual has been monitored.
[0075] In one embodiment, computing device 120 in-
cluding processor 130 is optionally programmed to query
the one or more physiological sensors based on the as-
signed quality value of a previously received set of sensor
values, as illustrated in block 360. For example, if the
assigned quality value of a previously received set of
sensor values fails to meet or exceed the minimum quality
value threshold, the flag indicating a need for a meas-
urement remains active and the one or more physiolog-
ical sensors are queried. For example, if the assigned
quality value of a previously received set of sensor values
meets or exceeds the minimum quality value threshold,
but higher quality and/or quantity of sensor information
is needed, e.g., at a higher minimum quality value thresh-
old, the one or more physiological sensors are queried.
[0076] Figure 4 illustrates further aspects of system
100 depicted in Fig. 1. Computing device 120 of system
100 includes processor 130 programmed to receive a set
of sensor values from the at least one of the one or more
physiological sensors, the set of sensor values repre-
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sentative of the measured one or more physiological pa-
rameters, as shown in block 150. In one embodiment,
computing device 120 with processor 130 is optionally
programmed to receive the set of sensor values through
a wireless transmission 400, e.g., a radio frequency
transmission. Wireless transmission can further include,
but is not limited to, one or more radio transmission, mi-
crowave transmission (e.g., wireless LAN, Wi-Fi, wire-
less PAN, Bluetooth, wireless WAN, 2G/3G, broadband,
MAN, WiIMAX, radar and satellite communications), in-
frared transmission (e.g., point-to-point or broadcast
communication), or other optical transmission means
(e.g., laser diodes, laser beams). In one embodiment,
computing device 120 with processor 130 is optionally
programmed to receive the set of sensor values through
a wired transmission 410, e.g., an electrical connection.
Wired transmission can further include, but is not limited
to, transmission through one or more telephone line, ca-
ble line, internet line, fiber optic line, coaxial cable,
UPT/STP or any other like wired communication line.
[0077] Returning to Figure 4, computing device 120 of
system 100 including processor 130 is programmed to
assign a quality value to the set of sensor values received
from the at least one of the one or more physiological
sensors, as shown in block 155. In one embodiment, the
assigned quality value is an indicator of whether or not
the sensor values are of high enough quality to contribute
to a reliable medical diagnosis. In one embodiment, the
assigned quality value is an arbitrary number between 0
and 100. The quality value is assigned based on the qual-
ity of the information received from the at least one of the
one or more physiological sensors. In one embodiment,
the assessment of the quality of the information received
is dependent upon the type of sensor being used and the
allowable variability. For example, with ultra-wideband
radar, the quality of a measured impulse response func-
tionis mainly determined by the ability to separate closely
located peaks and to avoid the masking of smaller peaks
due to noise or saturation effects caused by larger signal
(see, e.g., Thiel etal., Sensors (2010) 10:10778-10802).
[0078] In one embodiment, computing device 120 in-
cluding processor 130 is optionally programmed to as-
sign the quality value to the set of physiological sensor
values by comparing the set of physiological sensor val-
ues with a set of standard values, as shown in block 420.
The set of standard values is a set of physiological sensor
values adequate enough to provide a reliable medical
diagnosis.

[0079] In one embodiment, the set of standard values
is a set of standard values with defined signal-to-noise
ratio, as shown in block 430. Noise can arise from the
process being measured itself or introduced by the sen-
sor. If the noise is mostly random with a zero mean, mul-
tiple measurements can achieve a better estimate of the
actual value being measured. Another form of noise is
from other events or influences that couple into the proc-
ess being measured. For example, a microphone on a
telephone will pick up background sounds. For example,
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when sensing audio associated with an individual's
breathing, multiple microphones can be used at varying
distances from the individual to distinguish audio signals
from the individual from background audio signals in the
individual’s setting. For example, in some embodiments,
a signal-to-noise ratio above 1 may provide sufficient in-
formation. In some embodiments, a signal-to-noise ratio
significantly above 1 may be needed to provide sufficient
information. Signal-to-noise ratio compares the level of
desired signal to the level of background noise. In one
embodiment, the signal-to-noise ratio is the ratio of signal
power to noise power. A signal-to-noise ratio higher than
1:1indicates more signal than noise. In one embodiment,
the sensoritself may be capable of subtracting noise from
the sensed information and subsequently sends sensor
values to the computing device from which noise asso-
ciated with the sensor has already been subtracted. In
one embodiment, it may still be necessary to determine
asignal-to-noise ratio or to subtract noise associated with
transmitting and receiving the sensor values from the one
or more sensors.

[0080] In one embodiment, the set of standard values
is a set of standard values with acceptable levels of error,
e.g., noise. In one embodiment, the error can include a
transducer error. A transducer responds to some physi-
cal condition, e.g., temperature, pressure, or movement,
and generates a signal. In some embodiments, the re-
porting signal is an electrical signal, initially an analog
signal which is converted to a digital representation.
Rules associated with the analog-digital conversion may
be calibrated. For precision instruments, e.g., each trans-
duceris tested and calibrated against a physical standard
and may be repeated periodically to maintain high con-
fidence. While typical transducers are sufficiently linear
in some region of interest, high precision measurements
would be dependent on multiple calibration points within
the range of measurements to reduce the errors from
non-linearities in the transducer. In one embodiment, cal-
ibration may also depend on other ambient conditions,
e.g., temperature. Depending on the sensitivity of the
measurement, the measurement process might include
measuring the temperature and applying a temperature
based calibration or correction.

[0081] In some embodiments, the errors can include
errors in processing the signal, e.g., due to failures in a
transducer or processing equipment. For example, a
shorted thermocouple or stress wire-connector to a strain
gauge may give bad values. For example, an analog to
digital converter might also include errors, e.g., a soft-
ware error. For example, one part of a processor/control-
ler may introduce crosstalk into another part, especially
into low amplitude signals received from a transducer.
The sensor/transducer might not be in the correct posi-
tion to measure the desired process. In one embodiment,
redundancy techniques used in high reliability control
systems can be used to address these eventualities. In
one embodiment, multiple sensors in different locations
can be used for cross checking information. In one em-
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bodiment, a consistency check built into the controller
can be used to detect failures in control processors.
[0082] In one embodiment, the set of standard values
is a set of standard values representing a relevant range
of values for a specific physiological parameter, as illus-
trated in block 440. In one embodiment, the relevant
range of values for a specific physiological parameter
includes values that are physiologically possible. For ex-
ample, the relevant range of values for a specific physi-
ological parameter, e.g., heart rate, ranges from 0
beats/min to 300 beats/min. A sensor value of 400
beats/min, for example, would be outside the range of
expected heart rates, even under pathological condi-
tions, and as such the set of sensor values would fall
outside standard values, i.e., not meet the minimum qual-
ity value threshold, and trigger a re-query of the one or
more physiological sensors for a higher quality set of sen-
sor values. For example, a sensor value from a scale
indicating a remarkable change in weight, e.g., 10
pounds, in a 24 hour period would fall outside standard
values for probable weight change in a 24 hour period
and trigger a re-query of the one or more physiological
sensors for a higher quality set of sensor values.
[0083] In one embodiment, the set of standard values
is specific for a physiological sensor type, as shown in
block 450. For example, each sensor type may have
more or less sensitivity to background "noise" orinherent
noise in the system. For example, each sensor type may
have specific range of values that are physiologically rel-
evant.

[0084] In one embodiment, sets of sensor values from
two or more sensor types may be compared with one
another to assign quality values to each set of sensor
values. For example, a set of sensor values from a heart
rate monitor indicating a heart rate of 10 beats/min in
combination with an otherwise normal respiration rate or
a video image of the individual walking around normally
might indicate an issue with the heart rate sensor values,
resulting in alow quality value being assigned to the heart
rate sensor values, thus triggering re-query of the heart
rate monitor.

[0085] In one embodiment, the set of standard values
for use in comparing with the set of sensor values are
stored in the computing device, e.g., using any of the
data storage medium described herein. In one embodi-
ment, the set of standard values are stored in one or
more lookup tables. In one embodiment, the one or more
lookup tables including sets of standard values are pre-
calculated and stored in the computing device, e.g., in
static program storage or in hardware. In one embodi-
ment, the one or more lookup tables including sets of
standard values are calculated as part of programs or
algorithms run on the computing device. In one embod-
iment, the set of standard values are specific for a given
physiological parameter, e.g., a physiologically relevant
range. In one embodiment, the set of standard values
are specific to a given sensor type, e.g., the amount of
noise and the value of data or information above the noise
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may be specific to a sensor type.

[0086] Figure 5 illustrates further aspects of system
100 depicted in Fig. 1. Computing device 120 of system
100 includes processor 130 and is programmed to retain
the set of sensor values if the assigned quality value of
the set of sensor values meets or exceeds a minimum
quality value threshold 160. In one embodiment, only
sensor values able to contribute to a reliable medical di-
agnosis are retained. In one embodiment, the minimum
quality value threshold represents a quality value of sen-
sor values that ensures that the value will contribute to
a reliable medical diagnosis. For example, the assigned
quality value may arbitrarily range from 1 to 100. The
minimum quality value threshold may be a single cutoff
value, e.g., 50, in which case sensors values with an
assigned quality value less than 50 will not be retained
while sensor values with an assigned quality value of 50
or more will be retained. In one embodiment, the mini-
mum quality value threshold is determined by the type
of sensor and the type of data or information collected.
For example, a first type of physiological sensor may be
very accurate such that low quality data or information is
still very useful while a second type of sensor may be
considerably less accurate such that only high quality
data or information is useful for a reliable medical diag-
nosis. In one embodiment, the minimum quality value
threshold may be determined by a physician or other care
provider. For example, the physician or other care pro-
vider may choose to put more weight on one type of sen-
sor value relative to another sensor value and as such
adjust the minimum quality value threshold for each sen-
sor type accordingly to ensure a reliable medical diag-
nosis. In one embodiment, the minimum quality value
threshold is a single value for a given sensor type. In one
embodiment, the minimum quality value threshold may
shiftovertime. Forexample, a first minimum quality value
threshold may be set at 20, sensor values with an as-
signed quality value of at least 20 are retained and in
subsequent queries, the minimum quality value threshold
is increased to 30 or 40 to see if better data or information
can be collected. In this example, the sensor values with
assigned quality values of 20 are good enough for diag-
nosis, but sensor values with assigned quality values of
30 or 40 would be better, if obtainable.

[0087] Inone embodiment, computing device 120 with
processor 130 is programmed to retain the set of sensor
values in one or more data storage devices operably con-
nected to the computing device, as shown in block 500.
Non-limiting examples of data storage devices including
removable disks, ROM, flash memory devices, hard disk
drive, and volatile and non-volatile RAM have been dis-
cussed above herein.

[0088] Inone embodiment, computing device 120 with
processor 130 is programmed to update the at least one
flag if the assigned quality value of the set of sensor val-
ues meets or exceeds the minimum quality value thresh-
old, as shown in block 165. In one embodiment, the com-
puting device is programmed to update the at least one
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flag by pulling the at least one flag down, e.g., turning off
or inactivating the flag. In one embodiment, the comput-
ing device is programmed to update the at least one flag
by resetting the flag. In one embodiment, resetting the
flag includes proceeding to the next step in the schedule
of need-measurement criteria. In one embodiment, re-
setting the flag includes switching on or activating the
flag to be ready to query the physiological sensors as
part of the next step in the schedule of need-measure-
ment criteria.

[0089] In one embodiment, the computing device 120
including processor 130 is programmed to report the set
of sensor values to a user, as illustrated in block 510. In
one embodiment, the user is the individual. In one em-
bodiment, the user is a third party, e.g., a physician,
nurse, family member, or other caregiver. In one embod-
iment, the user is a third party associated with a system
maintenance service configured to set up and maintain
the physiological sensors and/or computing device. In
one embodiment, the computing device is programmed
to report the set of sensor values to the user through a
communications means, as shown in block 520. In one
embodiment, the communications means includes a
wired transmission, e.g., through a telephone line, cable,
or optical fiber. In one embodiment, the communications
means includes a wireless transmission, e.g., an audible
report from a speaker associated with the computing de-
vice, a Bluetooth transmission, a radio transmission, and
the like. In one embodiment, the computing device is pro-
grammed to report a set of sensor values by transmitting
the set of sensor values through a transmission means,
e.g., atelephone or the Internet. In one embodiment, the
computing device is programmed to produce an audible
alert or transmit an alert to a handheld device, e.g., acell
phone or pager, indicating that a set of sensor values is
available for viewing on a local device, e.g., a computing
device. In one embodiment, the computing device is pro-
grammed to report a set of sensor values to the individual
or a healthcare provider by sending the information to a
handheld device, e.g., a cell phone. In one embodiment,
the computing device is programmed to report the set of
sensor values through an e-mail message or alert. In one
embodiment, the computing device is operable to report
a set of sensor values by generating a printout of the set
of sensor values. For example, the computing device, if
set up in the residence of the individual, may be pro-
grammed to generate an onscreen report accessible by
the individual.

[0090] In one embodiment, the computing device is
programmed to report to the user the retained set of sen-
sor values that met or exceeded the minimum quality
value threshold, as illustrated in block 530. In one em-
bodiment, the retained set of sensor values is used to
diagnose or monitor a diagnosis of an individual. For ex-
ample, the retained set of sensor values may be used to
monitor various parameters, e.g., tissue swelling, weight
gain, and/or labored breathing, to determine whether or
not the individual is developing decompensated heart
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failure and needs medical attention. In one embodiment,
the computing device is programmed to only report the
retained set of sensor values. In one embodiment, the
computing device is programmed to report to the user
sensor values that failed to meet or exceed the minimum
quality value threshold, as shown in block 540. In one
embodiment, reporting the sensor values that failed to
meet or exceed the minimum quality value threshold may
allow a physician, caregiver, the individual, system main-
tenance service, or others to monitor issues with the sen-
sors and/or the processing. For example, repeated re-
ports containing sets of sensor values that failed to meet
or exceed the minimum quality value threshold may in-
dicate to a system maintenance service that a service
call is warranted to check and/or replace the sensors.
[0091] Returning to Figure 5, computing device 120
including processor 130 is optionally programmed to re-
query at least one of the one or more physiological sen-
sors to acquire an updated set of sensor values repre-
sentative of the one or more measured physiological pa-
rameters of the individual if the assigned quality value of
the set of sensor values fails to meet or exceed the min-
imum quality value threshold, as shown in block 550. In
one embodiment, computing device 120 is programmed
to query at least one of the one or more physiological
sensors until the assigned quality value of the sensor
values meets or exceeds the minimum quality value
threshold and satisfies the need-measurement criteria.
In one embodiment, it may become apparent that one
sensor of a sensor type is malfunctioning as indicated by
routinely sending low quality data or information that fails
to meet or exceed the minimum quality value threshold.
As such, a second sensor of the sensor type may be
queried to improve the data quality. In one embodiment,
a message is sent to the individual, a physician, a car-
egiver, afacility manager, a system maintenance service,
and/or other entity to indicate that one or more of the
physiological sensors is malfunctioning or not properly
placed in the residence, e.g., routinely not meeting the
minimum quality value threshold.

[0092] Figure 6illustrates aspects of a system for con-
trolling acquisition of information from one or more sen-
sors. System 600 includes computing processor 610 and
non-transitory signal-bearing medium 620 bearing one
or more instructions for controlling acquisition of informa-
tion from one or more sensors. Non-transitory signal-
bearing medium 620 further includes one or more instruc-
tions 630 for generating atleast one flag indicating a need
to measure one or more physiological parameters of an
individual based on one or more need-measurement cri-
teria; one or more instructions 640 for querying one or
more physiological sensors in response to the at least
one flag; one or more instructions 650 for receiving a set
of sensor values from the one or more physiological sen-
sors, the set of sensor values representative of one or
more measured physiological parameters of the individ-
ual; one or more instructions 660 for assigning a quality
value to the set of sensor values received from the one
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or more physiological sensors; one or more instructions
670 for retaining the set of sensor values if the assigned
quality value of the set of sensor values meets or exceeds
a minimum quality value threshold; one or more instruc-
tions 680 for updating the at least one flag if the assigned
quality value of the set of sensor values meets or exceeds
the minimum quality value threshold; and one or more
instructions 690 for re-querying the one or more physio-
logical sensors to acquire an updated set of sensor val-
ues representative of the one or more measured physi-
ological parameters of the individual if the assigned qual-
ity value of the set of sensor values fails to meet or exceed
the minimum quality value threshold.

[0093] Non-transitory signal-bearing medium 620
stores instructions and/or data for use in controlling ac-
quisition of information from one or more sensors. In an
embodiment, non-transitory signal-bearing medium 620
can be computer readable media. In an embodiment,
non-transitory signal-bearing medium 620 can be record-
able-type media. Computer readable media may also be
recordable-type media, and the qualities of being "com-
puter readable" and "recordable-type" should not be con-
strued as being mutually exclusive, though in some cases
a computer readable media may not be a recordable-
type media, and vice versa. Machine readable media in-
clude volatile and nonvolatile, removable and non-re-
movable media implemented in any method or technol-
ogy for storage of information such as machine readable
instructions, data structures, program modules, or other
data. Non-transitory signal-bearing media include, but
are not limited to, random-access memory (RAM), read-
only memory (ROM), electrically erasable programmable
read-only memory (EEPROM), flash memory, or other
memory technology, CD-ROM, digital versatile disks
(DVD), or other optical disk storage, magnetic cassettes,
magnetic tape, magnetic disk storage, or other magnetic
storage devices, or any other media which can be used
to store the desired information and which can be ac-
cessed by computing device 610. In a further embodi-
ment, computer storage media may include a group of
computer storage media devices. In an embodiment, ma-
chine readable media may include an information store.
In an embodiment, an information store may include a
quantum memory, a photonic quantum memory, or atom-
ic quantum memory. Combinations of any of the above
may also be included within the scope of non-transitory
machine readable media.

[0094] Figure 7 illustrates a method for controlling ac-
quisition of information from one or more sensors. The
embodiment of the method illustrated in Figure 7 shows
generating at least one flag indicating a need to measure
one or more physiological parameters of an individual
based one or more need-measurement criteria in block
700; querying one or more physiological sensors in re-
sponse to the at least one flag in block 710; receiving a
set of sensor values from the one or more physiological
sensors, the set of sensor values representative of one
or more physiological parameters of the individual in

10

15

20

25

30

35

45

50

55

17

block 720; assigning a quality value to the set of sensor
values received from the one or more physiological sen-
sors in block 730; retaining the set of sensor values if the
assigned quality value of the set of sensor values meets
or exceeds a minimum quality value threshold in block
740; and updating the at least one flag if the assigned
quality value of the set of sensor values meets or exceeds
the minimum quality value threshold in block 750. In one
embodiment, the method for controlling acquisition of in-
formation from one or more sensors is implemented on
a computing device, non-limiting examples of which have
been described herein.

[0095] In one embodiment, the method for controlling
acquisition of information from one or more sensors is
performed electronically and/or automatically using a
computing device operably connected to one or more
physiological sensors and includes, but is not limited to,
electronically and/or automatically generating at least
one flag indicating a need to measure one or more phys-
iological parameters of an individual based on one or
more need-measurement criteria; electronically and/or
automatically querying one or more physiological sen-
sors in response to the at least one flag; electronically
and/or automatically receiving a set of sensor values from
the one or more physiological sensors, the set of sensor
values representative of one or more physiological pa-
rameters of the individual; electronically and/or automat-
ically assigning a quality value to the set of sensor values
received from the one or more physiological sensors;
electronically and/or automatically retaining the set of
sensor values if the assigned quality value of the set of
sensor values meets or exceeds a minimum quality value
threshold; and electronically and/or automatically updat-
ing the at least one flag if the assigned quality value of
the set of sensor values meets or exceeds the minimum
quality value threshold.

[0096] Figure 8 depicts further aspects of a method
such as illustrated in Figure 7 for controlling acquisition
of information from one or more sensors. Block 700
shows generating at least one flag indicating a need to
measure one or more physiological parameters of an in-
dividual based on one or more need-measurement cri-
teria and includes optional blocks 800, 810, 820, and
830. In one embodiment, generating at least one flag
includes activating a pre-existing flag that is part of a
monitoring schedule that includes one or more need-
measurement criteria. In one embodiment, generating at
least one flag includes adding a new flag to a pre-existing
monitoring schedule. In an embodiment shown in block
800, the method optionally includes generating the at
least one flag indicating a need to measure one or more
physiological parameters of an individual based ona time
of day. For example, the method may include generating
a flag every hour to measure an average heart rate or a
flag every 24 hours to measure a weight. In an embodi-
ment shown in block 810, the method optionally includes
generating the atleastone flag indicating a need to meas-
ure one or more physiological parameters of an individual
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based on a number of sensor values needed over time
for areliable diagnosis. In an embodiment shown in block
820, the method optionally includes generating the at
least one flag indicating a need to measure one or more
physiological parameters of an individual based on a
number of sensor values with assigned quality values
that meet the minimum quality value threshold. For ex-
ample, atleast one flag may be repeatedly generated/ac-
tivated until sufficient quality data or information is ac-
quired. Inan embodiment showninblock 830, the method
optionally includes generating the at least one flag indi-
cating a need to measure one or more physiological pa-
rameters of an individual based on the health status of
the individual. For example, flags may be generated more
or less frequently, depending upon the individual’'s med-
ical condition and/or the severity of the medical condition.
For example, flags that are part of a monitoring schedule
may be activated/inactivated, depending upon the indi-
vidual’s medical condition and/or severity of the medical
condition. In an embodiment shown in block 840, the one
or more need-measurement criteria are updateable. For
example, as an individual's condition improves or dete-
riorates, a physician or other caregiver may change the
need-measurement criteria, e.g., the types of physiolog-
ical sensors queried and/or the frequency of query. In an
embodiment shown in block 850, the one or more need-
measurement criteria are part of a monitoring schedule.
For example, a physician or caregiver may prescribe a
schedule for monitoring a medical condition of an indi-
vidual, the schedule including need-measurement crite-
ria, e.g., time and frequencies of sensor queries.
[0097] Figure 9 depicts further aspects of the method
illustrated in Figure 7 for controlling acquisition of infor-
mation from one or more sensors. Block 710 shows que-
rying one or more physiological sensors in response to
the at least one flag and includes optional blocks 900,
910, 920, 930, 940, 950, and 960. In an embodiment
shown in block 900, the method optionally includes que-
rying the one or more physiological sensors through one
or more wireless transmissions, e.g., through a radio,
microwave, or optical transmission from the computing
device or parts thereof and received by the one or more
physiological sensors. In one embodiment, the method
optionally includes querying the one or more physiolog-
ical sensors through one or more wired transmissions,
e.g., through an electrical connection. In some embodi-
ments, both wireless and wired transmissions may be
used to query the one or more physiological sensors.
[0098] In an embodiment shown in block 910 of Figure
9, the method optionally includes querying the one or
more physiological sensors in a time dependent manner.
In an embodiment shown in block 920, the method op-
tionally includes querying the one or more physiological
sensors in a sensor type dependent manner. In an em-
bodiment shown in block 930, the method optionally in-
cludes querying the one or more physiological sensors
based on the identity of the individual. In one embodi-
ment, the method includes querying the one or more
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physiological sensors in a time and sensor dependent
manner. For example, a first sensor type may be queried
every hour while a second sensor type is queried every
30 minutes. In an embodiment shown in block 940, the
method optionally includes querying the one or more
physiological sensors based on a number of previous
queries to at least one of the one or more physiological
sensor. In an embodiment shown in block 950, the meth-
od optionally include querying the one or more physio-
logical sensors based on the assigned quality value of a
previously received set of sensor values. In an embodi-
ment shown in block 960, the method optionally includes
querying the one or more physiological sensors based
on a health status of the individual.

[0099] Inanembodiment shown in block 970 of Figure
9, the method optionally includes querying one or more
non-contact physiological sensors. In one embodiment,
the method includes querying one or more of an audio
sensor, an image capture device, a micro impulse radar-
based sensors, an ultra-wideband radar-based sensor,
or a thermal sensor, as illustrated in block 980. Non-lim-
iting examples of sensors have been described above
herein. Inan embodiment shown in block 990, the method
optionally includes querying one or more physiological
sensors associated with one ormore items in aresidential
space, e.g., walls, doors, furniture, utensils, and the like.
[0100] Figure 10 depicts further aspects of the method
illustrated in Figure 7 for controlling acquisition of infor-
mation from one or more sensors. Block 720 shows re-
ceiving a set of sensor values from the one or more phys-
iological sensors, the set of sensor values representative
of one or more physiological parameters of the individual
and optionally includes receiving the set of sensor values
through one or more wireless transmissions in block 1000
and/or receiving the set of sensor values through one or
more wired transmissions in block 1010. Non-limiting ex-
amples of physiological sensors have been described
above herein.

[0101] In one embodiment, the method includes re-
ceiving a set of sensor values from the one or more phys-
iological sensors, the set of sensor values representative
of one or more physiological parameter of the individual
diagnostic for heart failure, non-limiting examples of
which include tissue swelling, respiratory sounds (e.g.,
labored breathing), respiratory rate, heart rate, activity
level, autonomic balance, weight, and/or blood oxygen-
ation.

[0102] Inoneembodiment, asillustrated in block 1020,
the method optionally includes receiving the set of sensor
values from one or more non-contact physiological sen-
sors. In one embodiment, as illustrated in block 1030,
the method optionally includes receiving the set of sensor
values from one or more audio sensors. In one embod-
iment, as illustrated in block 1040, the method optionally
includes receiving the set of sensor values from one or
more image capture devices. In one embodiment, as il-
lustrated in block 1050, the method optionally includes
receiving the set of sensor values from one or more micro
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impulse radar-based sensors. In one embodiment, as
illustrated in block 1060, the method optionally includes
receiving the set of sensor values from one or more ther-
mal sensors. In one embodiment, as illustrated in block
1070, the method optionally includes receiving the set of
sensor values from one or more ultra-wideband radar-
based sensors. In one embodiment, as illustrated in block
1080, the method optionally includes receiving the set of
sensor values from one or more physiological sensors
associated with one or more items in a residential space.
In general, the method can include receiving a set of sen-
sor values from one or more of a single type of physio-
logical sensors or from various types of physiological
sensors, depending upon the physiological parameters
being measured and the need-measurement criteria.
[0103] Figure 11 depicts further aspects of the method
illustrated in Figure 7 for controlling acquisition of infor-
mation from one or more sensors. Block 730 shows as-
signing a quality value to the set of sensor values re-
ceived from the one or more physiological sensors. Block
730 optionally includes block 1100. Block 1100 illustrates
optionally assigning a quality value based on comparing
the set of sensor values with a set of standard values. In
one embodiment, the set of standard values includes
sensor values with sufficient signal-to-noise to provide
reliable date for medical diagnosis. In one embodiment,
the set of standard values includes a set of standard val-
ues representing a relevant range of values for a specific
physiological, e.g., sensor values that are physiologically
possible. In one embodiment, the set of standard values
is stored on a computing device. In one embodiment, the
set of standard values is part of a lookup table. In one
embodiment, the set of standard values is specific for a
physiological sensor type.

[0104] Block 740 of Figure 11 shows retaining the set
of sensor values if the quality value of the set of sensor
values meets or exceeds a minimum quality value thresh-
old and optionally includes block 1110. Block 1110 illus-
trates retaining the set of sensor values in one or more
data storage devices operably connected to the comput-
ing device. Non-limiting examples of data storage devic-
es have been described above herein.

[0105] Returning to Figure 11, the method optionally
includes reporting the set of sensor values to a user, as
illustrated in block 1120. In one embodiment, the user is
the individual. In one embodiment, the user is a third par-
ty, e.g., a physician, nurse, family member, or other car-
egiver. In one embodiment, the user is a third party as-
sociated with a system maintenance service configured
to set up and maintain the physiological sensors and/or
computing device. In one embodiment, reporting the set
of sensor values to the user includes reporting the sensor
values to the user through a communications means, as
shown in block 1130. In one embodiment, the communi-
cations means includes a wired transmission, e.g.,
through a telephone line, cable, or optical fiber. In one
embodiment, the communications means includes a
wireless transmission, e.g., an audible report from a
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speaker associated with the computing device, a Blue-
tooth transmission, a radio transmission, and the like. In
one embodiment, reporting the set of sensor values to
the user includes transmitting the set of sensor values
through a transmission means, e.g., a telephone or the
Internet. In one embodiment, reporting the set of sensor
values to the user includes producing an audible alert or
transmitting an alert to a handheld device, e.g., a cell
phone or pager, indicating that a set of sensor values is
available for viewing on a local device, e.g., a computing
device. In one embodiment, reporting the set of sensor
values to the individual and/or a third party includes send-
ing the information to a handheld device, e.g., a cell
phone. In one embodiment, reporting the set of sensor
values to a user includes sending an e-mail message or
alert. In one embodiment, reporting the set of sensor val-
ues to a user includes generating a printout of the set of
sensor values. In one embodiment, reporting the set of
sensor values to a user includes generating an onscreen
report accessible by the user.

[0106] Inoneembodiment, the reporting the set of sen-
sor values to the user includes reporting to the user a
retained set of sensor values that meets or exceeds the
minimum quality value threshold, as illustrated in block
1140. In one embodiment, the retained set of sensor val-
ues is used to diagnose or monitor a diagnosis of an
individual. For example, the retained set of sensor values
may be used to monitor various parameters, e.g., tissue
swelling, weight gain, and/or labored breathing, to deter-
mine whether or not the individual is developing decom-
pensated heart failure and needs medical attention. In
one embodiment, reporting the set of sensor values in-
cludes only reporting the retained set of sensor values.
In one embodiment, reporting the set of sensor values
to the user includes reporting sets of sensor values that
failed to meet or exceed the minimum quality value
threshold, as shown in block 1150. In one embodiment,
reporting the sensor values that failed to meet or exceed
the minimum quality value threshold may allow a physi-
cian, caregiver, the individual, system maintenance serv-
ice, or others to monitor issues with the sensors and/or
the processing. For example, repeated reports contain-
ing sets of sensor values that failed to meet or exceed
the minimum quality value threshold may indicate to a
system maintenance service that a service call is war-
ranted to check and/or replace the sensors.

[0107] In an embodiment illustrated in block 1160 of
Figure 11, the method optionally includes re-querying the
one or more physiological sensors to acquire an updated
set of sensor values representative of the one or more
measured physiological parameters if the assigned qual-
ity value of the set of sensor values fails to meet or exceed
the minimum quality value threshold.

[0108] With reference to Figure 12, shown is a sche-
matic of a system for controlling acquisition of information
from one or more sensors. System 1200 includes one or
more condition sensors 1210 and one or more physio-
logical sensors 1220. The one or more condition sensors
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1210 and the one or more physiological sensors 1220
are operably connected to computing device 1230. In
one embodiment, as shown in Figure 12, the one or more
condition sensors 1210 and the one or more physiolog-
ical sensors 1220 are in wireless communication with
computing device 1230. In one embodiment, one or more
of the one or more condition sensors 1210 and/or one or
more of the one or more physiological sensors 1220 are
connected to computing device 1230 through one or
more wires, e.g., electrical wires or fiber optic cables.
[0109] The one or more condition sensors 1210 are
configured to measure one or more conditions of individ-
ual 1240 relative to the one or more physiological sensors
1220. In one embodiment, the one or more conditions of
the individual relative to the one or more physiological
sensors include at least one of proximity, visibility, move-
ment, or position of the individual relative to the one or
more physiological sensors. In one embodiment, the one
or more conditions of the individual relative to the one or
more physiological sensors include one or more individ-
ual biometrics including, but not limited to, facial recog-
nition, retinal scan, finger prints, or speech recognition.
[0110] In one embodiment, the one or more condition
sensors can include one or more proximity sensors con-
figured to measure the proximity of individual 1240 to the
one or more physiological sensors 1220. The one or more
proximity sensors can include one or more sensors con-
figured to detect the presence of the individual relative
to the one or more physiological sensors. For example,
the one or more proximity sensors may be used to assess
how close the individual is to one or more physiological
sensors. The proximity of the individual to a physiological
sensor may dictate the quality of the information received
from the physiological sensor (see, e.g., Michahelles et
al., (2004) Proceedings of the Eighth International Sym-
posium on Wearable Computers (ISWC’04)
1530-0811/04). The one or more proximity sensors can
include one or more inductive, capacitive, or optical prox-
imity sensors. Other non-limiting examples of proximity
sensors include capacitive displacement, Doppler sen-
sors, laser rangefinder, magnetic, passive optical, pas-
sive thermal infrared, photocell, radar, or ultrasonic sen-
Ssors.

[0111] In one embodiment, the one or more condition
sensors 1210 include one or more sensors responsive,
without physically contacting the individual, to an imped-
ance, capacitance, permittivity, reflectivity, absorption,
or electrical activity of the individual. For example, a sen-
sor including a capacitive proximity sensor element con-
figured to sense a condition of an individual without phys-
ically contacting the individual is described in U.S. Patent
Application Pub. No. 2008/0246495. In one embodiment,
a reflection or reflectivity may include an acoustic, light,
or radio wave reflectivity.

[0112] In one embodiment, the one or more condition
sensors 1210 can include one or more biometric sensors
configured to measure one or more biometric parameters
of individual 1240 to determine if individual 1240 is the
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object of query by the one or more physiological sensors
1220. For example, in a residence in which more than
one individual resides, the one or more biometric sensors
can be used to identify a given individual in a given area
of the residential space and query the one or more phys-
iological sensors appropriately. For example, one or
more biometric sensors may be used to confirm the iden-
tity of an individual prior to querying one or more physi-
ological sensors. In one embodiment, the type and timing
of which physiological sensor type is queried can be con-
ditioned based on which individual has entered a room
or is scheduled for a measurement. This is of particular
use in a multi-individual residence in which either only
one individual in the residence is being monitored or in
which multiple individuals in the residence are being
monitored. In the first instance, it is optimal to only take
measurements of the individual who needs monitoring.
In the second instance, it is optimal to perform individual-
specific monitoring for each of the individuals needing
monitoring in the residence. Non-limiting examples of bi-
ometric methods include fingerprint recognition, facial
recognition, signature recognition, voice recognition,
vein matching, retinal scan, iris recognition, keystroke
dynamics, DNA, and the like. For example, a facial rec-
ognition sensor can include an image capture device to
capture a facial image and one or more facial recognition
algorithms (e.g., principal component analysis, linear dis-
criminate analysis, elastic bunch graph matching, hidden
Markov model, and/or dynamic link matching or a three-
dimensional matching technique) to identify facial fea-
tures and compare with a database of known facial fea-
tures, e.g., facial features of the individual(s) residing in
the residence and being medically monitored. In one em-
bodiment, the one or more condition sensors 1210 can
include one or more biometric sensors configured to as-
sess the identity of an individual 1240 relative to the one
or more physiological sensors 1220.

[0113] In one embodiment, the one or more condition
sensors 1210 can include one or more line-of-sight sen-
sors configured to determine if individual 1240 is in a
clear line-of-sight relative to one or more physiological
sensors 1220. For example, certain physiological sensor
types, e.g., micro impulse radar for measuring heart rate,
require a clear line of site between the sensor and the
individual.

[0114] In one embodiment, the one or more condition
sensors 1210 can include one or more motion sensors
configured to measure movement relative to one or more
physiological sensors 1220. For example, a motion sen-
sor can sense thatindividual 1240 has entered a specific
portion of a residential space and is in sufficient range
for measurement by one of the one or more physiological
sensors. For example, a motion sensor can sense how
fast individual 1240 is moving through a specific portion
of a residential space and whether the speed of the in-
dividual is too fast or slow for reliable measurement by
one of the one or more physiological sensors. Non-lim-
iting examples of motion sensors include passive infrared
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sensors, ultrasonic sensors, microwave sensors, or to-
mographic detectors (for measuring disturbances in ra-
dio waves). In one embodiment, the motion sensor is
activated when the individual is within range, wherein the
range can include an optimal range for measuring one
or more physiological parameter with the one or more
physiological sensors. In one embodiment, the motion
sensor can be used to determine if an individual is
present, i.e., has entered a room or other space in the
residence containing one or more physiological sensors.
[0115] Inone example, the one or more condition sen-
sors 1210 include one or more contact sensors. The one
or more contact sensors can be incorporated into one or
more items in the residential space or other space occu-
pied by the individual. For example, contact sensors can
be incorporated into a computer mouse, a chair, a toilet
seat, a mat associated with a bathroom or kitchen sink,
a bed, or any other item that an individual might come in
contact with during the course of a day. In one embodi-
ment, the one or more contact sensors include touch sen-
sors, e.g., a force sensor, capacitive sensor, or piezoe-
lectric sensor (from, e.g., RobotShop Distribution Inc.,
Swanton, VT).

[0116] In one embodiment, the system actively moni-
tors (e.g., detects, tracks, etc.) individual 1240 by using
atleast one of computerized axial tomography, fiber optic
thermometry, infrared thermography, magnetic reso-
nance imaging, magnetic resonance spectroscopy, mi-
crowave thermography, microwave dielectric spectros-
copy, positron emission tomography, ultrasound reflec-
tometry, spectroscopic imaging, visual imaging, infrared
imaging, single photon emission computed tomography,
or the like.

[0117] In one embodiment, the system includes a sub-
ject tracking system (not shown in figures). For example,
in one embodiment, the system includes a subject track-
ing system for updating in real time an individual’s virtual
location in a virtual space corresponding to the physical
location of the individual in a physical space, such as a
living room, community room, bedroom, or other physical
space within a residence.

[0118] In one embodiment, the one or more condition
sensors 1210 can include one or more time sensors con-
figured to measure a time relative to an individual and
one or more physiological sensors 1220. For example,
a clock may be used to time when one or more physio-
logical sensors are queried. This information may be
combined with one or more other conditions of the indi-
vidual, e.g., proximity or motion relative to a specific phys-
iological sensor. In other words, a need-measurement
criteria, e.g., a specific time of day, and associated flag
may indicate a need for a measurement, but if the indi-
vidual is not in the vicinity of the physiological sensor at
the specific time of day, the query to the sensor is not
completed. In one embodiment, the time sensor is a
clock. In one embodiment, the time sensor is a sensor
configured to measure time intervals, e.g., seconds, min-
utes, or hours between measurements.
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[0119] In one embodiment, the one or more condition
sensors 1210 can include one or more light sensors con-
figured to measure the amount of light in the vicinity of
individual 1240 relative to the one or more physiological
sensors 1220. For example, a light sensor may be used
to sense that a light has been switched on in a specific
room of a residential space and as such individual 1240
is in sufficient range for one of the one or more physio-
logical sensors. For example, a light sensor may be used
to measure whether there is sufficient light available to
take measurements with one of the one or more physi-
ological sensors, for example, an image capture device
or video camera requiring a certain amount of ambient
light to capture useful image data from the individual.
Non-limiting examples of light sensors include photocells
(e.g., photo-emissive cells, photoconductive cells, or
photo-voltaic cells), photodiode, photoresistors (e.g.,
lightdependentresistor (LDR)), charge-coupled devices,
photomultipliers, and the like.

[0120] In one embodiment, the one or more condition
sensors 1210 can include one or more accelerometers
configured to measure the acceleration of individual 1240
relative to the one or more physiological sensors 1220.
[0121] In one embodiment, the one or more condition
sensors 1210 can include one or more image capture
devices configured to measure animage of the individual
relative to the one or more physiological sensors 1220.
In one embodiment, the one or more image capture de-
vices can be incorporated into one or more motion de-
tectors, one or more proximity detectors, one or more
biometric sensors, etc. The one or more image capture
devices can include one or more of a camera, passive
or active scanner, a video camera, and the like.

[0122] The one or more condition sensors 1210 further
include at least one detector 1211, circuitry 1212, power
source 1213, one or more receivers 1214, and one or
more transmitters 1215, non-limiting examples of which
have been described above herein.

[0123] In one embodiment, the one or more condition
sensors comprise atleast one transmission unitincluding
an antenna configured for wireless communication with
the computing device. In one embodiment, the one or
more condition sensors are in optical communication with
the computing device.

[0124] System 1200 further includes one or more phys-
iological sensors 1220. In one embodiment, the one or
more physiological sensors 1220 include one or more
non-contact physiological sensors, configured to sense
one or more physiological parameters of an individual
without directly contacting the individual. Non-limiting ex-
amples of non-contact physiological sensors have been
described above herein. In one embodiment, the one or
more physiological sensors are incorporated into or as-
sociated with one or more residential items. For example,
the one or more physiological sensors may be incorpo-
rated into or associated with walls, windows, doors, or
furniture of a residential space. For example, the one or
more physiological sensors may be incorporated into or
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associated with furniture, appliances, utensils, bathroom
scales, toilets, and the like. In one embodiment, the one
or more physiological sensors include one or more wear-
able or implantable physiological sensors.

[0125] The one or more physiological sensors 1220
further include at least one detector 1221, circuitry 1222,
power source 1223, one or more receivers 1224, and
one or more transmitters 1225, non-limiting examples of
which have been described above herein.

[0126] The one or more physiological sensors 1220
are configured to detect one or more physiological pa-
rameters of an individual, e.g., tissue swelling, respiratory
sounds, respiratory rate, heart rate, activity level, auto-
nomic balance, weight, blood oxygenation. The one or
more physiological parameters of an individual can fur-
ther include, but are not limited to, height, facial features,
visible physical malformations, eye characteristic, ap-
pearance of skin, appearance of hair, appearance of
nails, respiratory sounds, body temperature, blood gas
level, brain electrical activity, agitation, perspiration,
tremor, facial expression, blood chemistries, blood cell
counts, platelet counts, antibody titer, calcium level,
blood antigen type, tissue antigen type, evidence of a
pathogen exposure, lipid levels, perception of pain level,
body movement, gait, stiffness, evidence of cognition
state, dehydration, pain, malaise, injury, rigor, fever, light-
headedness or dizziness, dry mouth, thirst, shortness of
breath, nausea, weakness, sleepiness, hearing loss or
problem, vision loss or problem, constipation, diarrhea,
flatulence, urinary incontinence, loss of smell, loss of
voice or problem, loss of ability to walk, to write, or to use
a limb. Generally, the one or more physiological param-
eters measured by the one or more physiological sensors
1220 are diagnostic for an acute and/or chronic condition,
e.g., heart failure, that is being monitored on a routine
basis in a space occupied by the individual, e.g., a resi-
dential space.

[0127] In one embodiment, the one or more physiolog-
ical sensors comprise at least one transmission unit in-
cluding an antenna configured for wireless communica-
tion with the computing device. In one embodiment, the
one or more physiological sensors are in optical commu-
nication with the computing device.

[0128] In one embodiment, at least one of the one or
more condition sensors is also a physiological sensor.
For example, at least one of the one or more condition
sensors can include an image capture device configured
to capture an image of an individual relative to a physi-
ological sensor but also configured to capture an image
of an individual that has diagnostic value.

[0129] In one embodiment, the one or more condition
sensors are incorporated into the one or more physio-
logical sensors. For example, one or more proximity sen-
sors may be incorporated into a physiological sensor to
detect the distance between an individual and the phys-
iological sensor. Similarly, the one or more condition sen-
sors may be incorporated proximal to the one or more
physiological sensors. In one embodiment, the one or
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more condition sensors are not necessarily in the same
location as the one or more physiological sensors. For
example, a light sensor detecting a light coming on in a
room may be in one part of a room while the one or more
physiological sensors that operate optimally in the pres-
ence of light may be in another part of the room. In one
embodiment, the one or more condition sensors are as-
sociated with items in a residential space, e.g., mounted
on walls, incorporated into doors, installed in a light-
switch, or incorporated into furniture or other residential
items.

[0130] Figure 13 illustrates further aspects of a system
such as shown in Figure 12. System 1200 includes com-
puting device 1230 including processor 1300. Computing
device 1230 including processor 1300 is programmed to
query at least one of the one or more condition sensors
to initiate measurement of one or more conditions of an
individual relative to the one or more physiological sen-
sorsinblock 1310; receive a set of condition sensor value
from the atleast one of the one or more condition sensors,
the set of condition sensor values representative of the
one or more conditions of the individual relative to the
one or more physiological sensors in block 1320; assign
a predictive value to the set of condition sensor values
in block 1330; query at least one of the one or more phys-
iological sensors to measure one or more physiological
parameters of the individual if the assigned predictive
value of the set of condition sensor values meets or ex-
ceeds a minimum predictive value threshold in block
1340; and re-query at least one of the one or more con-
dition sensors if the assigned predictive value of the set
of condition sensors values fails to meet or exceed the
minimum predictive value threshold in block 1350.
[0131] In one embodiment, condition sensor values
from a first type of one or more condition sensors are
combined with condition sensor values from a second
type of one or more condition sensors to determine a
predictive value. For example, a time condition may be
combined with a proximity condition, such that the one
or more physiological sensors are queried only at a spe-
cific time and when the individual is in appropriate prox-
imity. For example, a time condition may be combined
with a light condition and a motion condition, such that
the one or more physiological sensors are queried only
at a specific time and when there is sufficient lighting and
the individual is motionless, for example, relative to the
one or more physiological sensors. For example, meas-
urements from one or more motion sensors can be used
to indicate that someone has entered a particular room
while a biometric sensor can be used to determine if the
individual who has entered the room is the appropriate
target of query by the one or more physiological sensors.
[0132] Figure 14 illustrates further aspects of a system
such as that shown in Figure 12. In some embodiments,
computing device 1230 including processor 1300 is op-
tionally programmable to query the one or more condition
sensors 1210 to initiate measurement of one or more of
proximity, visibility, line-of-sight, motion, acceleration, bi-
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ometrics, or position of the individual relative to the one
or more physiological sensors, as illustrated in block
1400.

[0133] In one embodiment, computing device 1230 in-
cluding processor 1300 is optionally programmed to que-
ry the one or more condition sensors in response to a
triggering event, as illustrated in block 1410. In an em-
bodiment shown in block 1420, the triggering event in-
cludes input from a motion detector. For example, the
one or more condition sensors may be queried in re-
sponse to an individual walking into a portion of a resi-
dential space monitored by a motion detector. For exam-
ple, a motion detector may be used to trigger measure-
ment from one or more biometric sensors. For example,
a motion detector may be used to trigger measurement
from one or more accelerometers. For example, turning
onaroom lightand consequently activating a light sensor
can be used to trigger measurement from one or more
proximity, biometric, orimage capture devices. In an em-
bodiment shown in block 1430, the triggering event in-
cludes input from a timing device. For example, the one
or more condition sensors may be queried periodically
on a schedule, e.g., every minute, every few minutes,
every hour, every day at a certain time, and the like, de-
pending upon the need-measurement criteria, e.g., how
often a measurement is needed from a specific physio-
logical sensor. In an embodiment shown in block 1440,
the triggering event includes input from a proximity sen-
sor. For example, the one or more condition sensors may
be queried only when the individual is an appropriate
distance from the one or more condition sensors.
[0134] In one embodiment, computing device 1230 in-
cluding processor 1300 is optionally programmed to que-
ry the at least one of the one or more condition sensors
to initiate measurement of the one or more conditions of
the individual relative to the one or more physiological
sensors in response to a flag indicating a need to meas-
ure the one or more physiological parameters of the in-
dividual based on one or more need-measurement cri-
teria, as illustrated in block 1450. The need-measure-
ment criteria include, but are not limited to, a time of day,
a sensor type, an interval of time since a previous meas-
urement, anumber of sensor values with assigned quality
values that meet the minimum quality value threshold,
and/or a health status of the individual. The need-meas-
urement criteria can be updateable and/or part of a mon-
itoring schedule as described above herein.

[0135] Figure 15 shows further aspects of a system
such as that shown in Figure 12. Computing device 1230
including processor 1300 is programmed to receive a set
of condition sensor values from the at least one of the
one or more condition sensors, the setof condition sensor
values representative of the one or more conditions of
the individual relative to the one or more physiological
sensors, as shown in block 1320. Block 1320 further op-
tionally includes block 1500 and 1510. Block 1500 shows
computing device 1230 optionally programmed to re-
ceive the set of condition sensor values from the at least
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one of the one or more condition sensors through at least
one wired transmission. Block 1510 shows computing
device 1230 optionally programmed to receive the set of
condition sensor values from the at least one of the one
or more condition sensors through at least one wireless
transmission.

[0136] Figure 15 further illustrates computing device
1230 programmed to assign a predictive value to the set
of condition sensor values in block 1330. Block 1330 fur-
ther includes optional blocks 1520 and 1530. Block 1520
shows computing device 1230 optionally programmed to
assign a predictive value to the set of condition sensor
values based on whether the one or more conditions of
the individual relative to the one or more physiological
sensors predicts acquisition of useable set of physiolog-
ical sensor values from the one or more physiological
sensors, e.g., a set of physiological sensor values with
a quality value that meets a minimum quality value
threshold. For example, is the individual in close enough
proximity to the one or more physiological sensors to
acquire useable data? For example, is there sufficient
lighting for the one or more physiological sensors to ac-
quire useable data? For example, is the individual mo-
tionless enough for the one or more physiological sen-
sors to acquire useable data?

[0137] In one embodiment, as shown in block 1530,
the predictive value is assigned to the set of condition
sensor values based on comparison of the set of condi-
tion sensor values with a stored set of optimal condition
values. The optical condition values can include a range
of condition values predicted to allow for acquisition of
useable information from the one or more physiological
sensors. For example, the set of condition sensor values
can include a range of distances between the individual
and a given type of physiological sensor for which quality
information can be obtained. For example, the set of con-
dition sensor values can include a range of lighting con-
ditions under which a given physiological sensor can ac-
quire quality information. For example, the set of condi-
tion sensor values can include one or more biometric
parameters of an individual, e.g., facial features, finger
prints, voice pattern, retinal pattern, etc. For example,
the set of condition sensor values can include a range of
movement of the individual relative to a given type of
physiological sensor for which quality information can be
obtained. In one embodiment, the stored set of optimal
condition values is stored in the computing device. In one
embodiment, the stored set of optimal condition values
is part of a lookup table. In one embodiment, the stored
set of optimal condition values is specific for a condition
sensor type.

[0138] Figure 16 illustrate further aspects of a system
such as that shown in Figure 12. Computing device 1230
including processor 1300 is programmed to query atleast
one of the one or more physiological sensors to measure
one or more physiological parameters of the individual if
the assigned predictive value of the set of condition sen-
sor values meets or exceeds a minimum predictive value
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threshold, as shown in block 1340. In one embodiment,
as shown in block 1600, the minimum predictive value
threshold is an assigned predictive value for a set of con-
dition sensor values that is sufficient to predict that the
individual is in one or more conditions relative to at least
one of the one or more physiological sensors to acquire
a useable set of sensor values from the at least one of
the one or more physiological sensors. For example, the
assigned predictive value may arbitrarily range from 1 to
100. In one embodiment, as shown in block 1610, the
minimum predictive value threshold includes a fixed val-
ue, e.g., a value of 50. In this instance, a set of condition
sensor values with an assigned predictive value less than
50 would indicate that the individual is in a condition, e.g.,
poor lighting or proximity, that would predict poor quality
data or information from a physiological sensor and as
such, the physiological sensor is not queried. Converse-
ly, a set of condition sensor values with an assigned pre-
dictive value equal to or greater than 50 would indicate
that the individual is in a condition, e.g., adequate lighting
or proximity, that predicts good quality data or information
from a physiological sensor and as such, the physiolog-
ical sensor is queried. In one embodiment, the minimum
predictive value threshold is determined by the condition
relative to the type of physiological sensor and the type
of data or information collected. For example, a first type
of physiological sensor, e.g., a microphone, would be
predicted to acquire high quality data or information un-
der the condition of low lighting while a second type of
physiological sensor, e.g., an image capture device,
would be predicted to acquire lesser quality data or in-
formation under the same condition of low lighting. In one
embodiment, the minimum predictive value threshold
may be determined by a physician or other care provider.
For example, the physician or other care provider may
choose to put more weight on one type of condition sen-
sor value relative to another condition sensor value and
as such adjust the minimum predictive value threshold
for each sensor type accordingly to ensure appropriate
prediction of quality data or information from a queried
physiological sensor. In one embodiment, as illustrated
in block 1620, the minimum predictive value threshold
includes a given multiple of a previously designated min-
imum predictive value threshold. For example, afirst min-
imum predictive value threshold may be 20, while a sec-
ond minimum predictive value is 1.2 times the previous
minimum predictive value threshold of 24. For example,
a first minimum predictive value threshold may be set at
20, condition sensor values with an assigned predictive
value of at least 20 result in querying the one or more
physiological sensors. With subsequent queries of the
one or more condition sensors, the minimum predictive
value threshold is increased to 30 or 40 to see if better
data or information, e.g., condition of the individual rela-
tive to one or more physiological sensors, can be at-
tained. In this example, the condition sensor values with
assigned predictive values of 20 indicate that the individ-
ual is in an adequate condition, e.g., close enough, to

10

15

20

25

30

35

40

45

50

55

24

EP 2 934 301 B1 46

query a physiological sensor, but condition sensor values
with assigned quality values of 30 or 40 indicate that the
individual is in a better condition, e.g., optimal distance,
to query the physiological sensor.

[0139] Returning to Figure 16, block 1630 illustrates
computing device 1230 with processor 1300 optionally
programmed to query the at least one of the one or more
physiological sensors to measure the one or more phys-
iological parameters of the individual is the assigned pre-
dictive value of the set of condition sensor values meets
or exceeds the minimum predictive value threshold and
at least one flag indicating a need to measure the one or
more physiological parameters of the individual is active
based on one or more need-measurement criteria. For
example, the condition sensors may indicate that the in-
dividual is in an optimal condition to acquire information
from the physiological sensors, if there is no need to ac-
quire information, e.g., no flag is currently active, then
the physiological sensors are not queried. In one embod-
iment, the one or more need-measurement criteria in-
clude a time of day, as illustrated in block 1640. In one
embodiment, the one or more need-measurement crite-
ria include an interval of time since a previous measure-
ment, as illustrated in block 1650. In one embodiment,
the one or more need-measurement criteria include a
number of queries needed over time for a reliable diag-
nosis, as illustrated in block 1660. In one embodiment,
the one or more need-measurement criteria include a
health status of the individual, as illustrated in block 1670.
In one embodiment, the one or more need-measurement
criteria are updateable, as illustrated in block 1680. In
one embodiment, the one or more need measurement
criteria are part of a monitoring schedule, as illustrated
in block 1690.

[0140] Figure 17 illustrates further aspects of a system
such as that shown in Figure 12. In one embodiment,
computing device 1230 of system 1200 is programmed
to receive a set of physiological sensor values from at
least one of the one or more physiological sensors, the
set of physiological sensor values representative of the
measured one or more physiological parameters of the
individual, in block 1700; assign a quality value to the set
of physiological sensor values received from the at least
one of the one or more physiological sensors, in block
1710; retain the set of physiological sensor values if the
assigned quality value of the set of physiological sensor
values meets or exceeds a minimum quality value thresh-
old, in block 1720; and update at least one flag indicating
a need to measure one or more physiological parameters
of the individual if the assigned quality value of the set
of physiological sensor values meets or exceeds the min-
imum quality value threshold, in block 1730.

[0141] In one embodiment, computing device 1230 is
optionally programmed to receive the set of physiological
sensor values from at least one of the one or more phys-
iological sensors through one or more wired transmis-
sions, as illustrated in block 1740. For example, the one
or more physiological sensors may be directly wired to
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the computing device. For example, the one or more
physiological sensors may be wired to an amplifier which
is then connected to the computing device. In one em-
bodiment, the computing device is operable to receive
the set of physiological sensor values from at least one
of the one or more physiological sensors through one or
more wireless transmissions, as illustrated in block 1750.
For example, the one or more physiological sensors may
be in radio or optical communication with the computing
device. For example, the one or more physiological sen-
sors may be in radio communication with an amplifier,
which in turn is in wired or wireless communication with
the computing device.

[0142] In one embodiment, computing device 1230 is
programmed to assign a quality value to the set of phys-
iological sensor values received from the at least one of
the one or more physiological sensors by comparing the
set of physiological sensor values with a set of standard
values, as illustrated in block 1760. In one embodiment,
as described above herein, the quality value is an indi-
cator of whether or not the physiological sensor values
are of high enough quality to contribute to a reliable med-
ical diagnosis. In one embodiment, the quality value is
an arbitrary number between 0 and 100. The quality value
is assigned based on the quality of the data orinformation
received from the at least one of the one or more phys-
iological sensors. In one embodiment, the assessment
of the quality of the data or information received is de-
pendent upon the type of sensor being used and the al-
lowable variability.

[0143] In one embodiment, the set of standard values
is a set of physiological sensor values adequate enough
to provide a reliable medical diagnosis. In one embodi-
ment, the set of standard values is a set of standard val-
ues with defined signal-to-noise ratio, as illustrated in
block 1770. For example, in some embodiments, a sig-
nal-to-noise ratio above 1 may provide sufficient infor-
mation. In some embodiments, a signal-to-noise ratio sig-
nificantly above 1 may be needed to provide sufficient
information. In one embodiment, the sensor itself may
be capable of subtracting noise from the physiological
sensor values before transmitting them to the computing
device. In one embodiment, it may still be necessary to
determine a signal-to-noise ratio or to subtract noise as-
sociated with transmitting and receiving the physiological
sensor values from the one or more physiological sen-
Ssors.

[0144] In one embodiment, the set of standard values
is a set of standard values representing a relevant range
of values for a specific physiological parameter, as illus-
trated in block 1775. In one embodiment, the relevant
range of values for a specific physiological parameter
includes values that are physiologically possible, e.g., a
physiologically possible heart rate or respiration rate or
24 hour weight change. In one embodiment, the set of
standard values is specific for a physiological sensor
type, as illustrated in block 1780. For example, the
amount of noise inherent in the sensor and the value of
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data above the noise may be specific to a physiological
sensor type.

[0145] In one embodiment, sets of physiological sen-
sor values from two or more physiological sensor types
may be compared with one another to assign quality val-
ues to each set of physiological sensor values. For ex-
ample, a set of physiological sensor values from a heart
rate monitor indicating a heart rate of 10 beats/min in
combination with an otherwise normal respiratory rate or
video image of the individual might indicate an issue with
the heart rate sensor values, resulting in a low quality
value being assigned to the heart rate sensor values.
[0146] In one embodiment, the set of standard values
for use in comparing with the set of physiological sensor
values are stored in the computing device. In one em-
bodiment, the set of standard values are stored in one
or more lookup tables. In one embodiment, the one or
more lookup tables including sets of standard values are
precalculated and stored in the computing device, e.g.,
in static program storage or in hardware. In one embod-
iment, the one or more lookup tables including sets of
standard values are calculated as part of programs or
algorithms run on the computing device. In one embod-
iment, the set of standard values are specific for a given
physiological parameters, e.g., a physiologically relevant
range.

[0147] Block 1720 of Figure 17 shows computing de-
vice 1230 optionally programmed to retain the set of
physiological sensor values if the assigned quality value
of the set of physiological sensor values meets or ex-
ceeds a minimum quality value threshold. Block 1785
shows that computing device 1230 is optionally pro-
grammed to retain the set of physiological sensor values
in one or more data storage devices operably connected
to the computing device. Non-limiting examples of one
or more data storage devices have been described above
herein.

[0148] Block 1790 of Figure 17 illustrates computing
device 1230 optionally programmed to report the set of
physiological sensor values to a user, e.g., to the individ-
ual, a physician, a caregiver, a system maintenance serv-
ice, and/or other interested parties. In one embodiment,
the computing device including the processor is pro-
grammed to report to the user only retained sets of phys-
iological sensor values, i.e., sets of physiological sensor
values that meet or exceed the minimum quality value
threshold. In one embodiment, the computing device in-
cluding the processoris programmed to report to the user
sets of physiological sensor values that failed to meet or
exceed the minimum quality value threshold. For exam-
ple, in some embodiments, information regarding phys-
iological sensor values that routinely failed to meet or
exceed the minimum quality value threshold may indicate
operational or technical issues with the one or more phys-
iological sensors and/or their placement. In one embod-
iment, the computing device including the processor is
programmed to report the set of physiological sensor val-
ues to the user through a wireless communication, ex-
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amples of which have been described above herein.
[0149] Figure 18 shows a flow diagram 1800 for con-
trolling acquisition of information from one or more sen-
sors. In some embodiments, the steps of flow diagram
1800 are carried out by a computing device thatincludes
a processor, the computing device operable to perform
a series of operations configured to control acquisition
of information from one or more sensors. At block 1805,
query at least one of one or more condition sensors in
response to a flag indicating a need to measure one or
more physiological parameters of an individual to initiate
measurement of one or more conditions of the individual
relative to one or more physiological sensors. At block
1810, receive a set of condition sensor values from the
at least one of the one or more condition sensors. At
block 1815, assign a predictive value to the set of con-
dition sensor values. If a minimum predictive value
threshold is not met or exceeded at block 1820, return
to block 1805 to again query at least one of one or more
conditions sensors. If the minimum predictive value
threshold is met or exceeded at block 1825, proceed to
block 1830 and query at least one of the one or more
physiological sensors to measure one or more physio-
logical parameters of the individual. At block 1835, re-
ceive a set of physiological sensor values from the at
least one of the one or more physiological sensors. At
block 1840, assign a quality value to the set of physio-
logical sensor values. If a minimum quality value thresh-
old is not met or exceeded at block 1845, return to block
1805 to again query at least one of the one or more con-
dition sensors to ensure that one or more conditions of
the individual are still optimal to query the one or more
physiological sensors and if so, proceed with re-querying
the one or more physiological sensors. If the minimum
quality value threshold is met or exceeded at block 1850,
proceed to block 1855 and retain the set of physiological
sensor values. At block 1860, update the at least one
flag and as appropriate return to block 1805 to query the
one or more condition sensors. At block 1865, report a
set of sensor values to a user, wherein the set of sensor
values can include sensor values received from the one
or more condition sensors and/or the one or more phys-
iological sensors.

[0150] Figure 19illustrates a method for controlling ac-
quisition of information from one or more sensors. The
method includes receiving a set of condition sensor val-
ues for an individual from at least one of one or more
condition sensors in response to one or more queries,
the set of condition sensor values representative of one
or more conditions of the individual relative to one or more
physiological sensors at block 1900; assigning a predic-
tive value to the set of condition sensor values at block
1910; querying at least one of the one or more physio-
logical sensors to measure one or more physiological
parameters of the individual if the assigned predictive
value of the set of condition values meets or exceeds a
minimum predictive value threshold at block 1920; and
re-querying at least one of the one or more condition
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sensors if the assigned predictive value of the set of con-
dition sensor values fails to meet or exceed the minimum
predictive value threshold at block 1930.

[0151] Figure 20 illustrates further aspects of the meth-
od shown in Figure 19. In one embodiment, the method
includes querying the at least one of the one or more
condition sensors to measure one or more conditions of
the individual relative to the one or more physiological
sensors, as shown in block 2000. In one embodiment,
the method includes querying the at least one of the one
or more condition sensors in response to a triggering
event, as shown in block 2010. In one embodiment, the
triggering event includes input from a motion detector.
For example, the one or more condition sensors may be
queried in response to an individual walking into a portion
of a residential space monitored by a motion detector.
For example, a motion detector may be used to trigger
measurement from one or more biometric sensors. For
example, a motion detector may be used to trigger meas-
urement from one or more accelerometers. For example,
turning on a room light and consequently activating a
light sensor can be used to trigger measurement from
one or more proximity, biometric, or image capture de-
vices. In one embodiment, the triggering event includes
input from a timing device. For example, the one or more
condition sensors may be queried periodically on a
schedule, e.g., every minute, every few minutes, every
hour, every day at a certain time, and the like, depending
upon the need-measurement criteria, e.g., how often a
measurement is needed from a specific physiological
sensor. In one embodiment, the triggering eventincludes
input from a proximity sensorindicating that the individual
is positioned in appropriate proximity for sensing with the
one or more condition sensors. In one example, the trig-
gering event includes input from a contact sensor indi-
cating that the individual is in a particular position, e.g.,
touching a computer mouse at a desk, sitting in a chair
or on the toilet, standing on a mat associated with a bath-
room or kitchen sink, and the like.

[0152] In one embodiment, the method optionally in-
cludes querying the at least one of the one or more con-
ditions sensors in response to at least one flag indicating
aneed to measure one or more physiological parameters
of the individual, as shown in block 2020. In one embod-
iment, the atleastone flagindicating the need to measure
the one or more physiological parameters of the individ-
ual is generated based on one or more need-measure-
ment criteria, as illustrated in block 2030. The need-
measurement criteria can include, but are not limited to,
a time of day, a sensor type, an interval of time since a
previous measurement, a number of sensor values with
assigned quality values that meet the minimum quality
value threshold, and/or a health status of the individual.
The need-measurement criteria can be updateable
and/or part of a monitoring schedule as described above
herein.

[0153] In one embodiment, querying the at least one
of the one or more condition sensors to measure one or
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more conditions of the individual relative to the one or
more physiological sensors includes, but is not limited
to, querying at least one of one or more motion sensors,
one ormore light sensors, one or more proximity sensors,
and/or one or more biometric sensors, as illustrated in
block 2040.

[0154] Returning to Figure 20, the method includes re-
ceiving a set of condition sensor values for an individual
from at least one of one or more condition sensors in
response to one or more queries. In one embodiment,
the method includes receiving the set of condition sensor
values for the individual from at least one of one or more
motion sensors, at shown in block 2050. In one embod-
iment, the method includes receiving the set of condition
sensor values for the individual from at least one of one
or more light sensors, as shown in block 2055. In one
embodiment, the method includes receiving the set of
condition sensor values for the individual from at least
one of one or more proximity sensors, as shown in block
2060. In one example, the method includes receiving the
set of condition sensor values for the individual from at
least one of one or more contact sensors, as shown in
block 2065. In one embodiment, the method includes re-
ceiving the set of condition sensor values for the individ-
ual from at least one of one or more biometric sensors,
as shown in block 2070. In one embodiment, the method
includes receiving the set of condition sensor values for
the individual from one or more wireless transmissions,
as shown in block 2075. Non-limiting examples of con-
dition sensors and means for wireless (and wired) trans-
mission have been described above herein.

[0155] Figure 21 illustrates further aspects of the meth-
od of Figure 19. The method includes assigning a pre-
dictive value to the set of condition sensor values and
optionally includes block 2100 assigning a predictive val-
ue based on comparing the set of condition sensor values
with a stored set of optimal condition values. The method
including block 2100 optionally includes blocks 2110,
2120, and 2130. Block 2110 shows wherein the stored
set of optimal condition values is stored in a computing
device. Block 2120 shows wherein the stored set of op-
timal condition values is part of a lookup table. In one
embodiment, the lookup table including sets of optimal
condition values is pre-calculated and stored in the com-
puting device, e.g., in static program storage or in hard-
ware. In one embodiment, the lookup table including sets
of optimal condition values calculated as part of programs
or algorithms run on the computing device. Block 2130
shows wherein the stored set of optimal condition values
is specific for a condition sensor type.

[0156] The method further includes querying at least
one of the one or more physiological sensors to measure
one or more physiological parameters of the individual if
the assigned predictive value of the set of condition sen-
sor values meets or exceeds a minimum predictive value
threshold. The method including querying at least one of
one or more physiological sensors can include querying
at least one of one or more non-contact physiological
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sensors 2150, querying at least one of one or more micro
impulse radar-based sensors 2155, querying atleastone
of one or more ultra-wideband radar-based sensors
2160, querying at least one of one or more of an audio
sensor or animage capture device 2165, and/or querying
at least one of one or more thermal sensors 2170. In one
embodiment, the method includes querying the at least
one of the one or more physiological sensors through
one or more wireless transmissions 2175. In one embod-
iment, the method includes querying the at least one of
the one or more physiological sensors through one or
more wired transmissions 2180.

[0157] In one embodiment, the method includes que-
rying the at least one of the one or more physiological
sensors to measure one or more physiological parame-
ters of the individual diagnostic for heart failure, as illus-
trated in block 2185. Non-limiting examples of physiolog-
ical parameters diagnostic for heart failure include, but
are notlimited to, tissue swelling, respiratory sounds, res-
piratory rate, heartrate, activity level, autonomic balance,
weight, or blood oxygenation. In one embodiment, the
method includes re-querying the at least one of the one
or more condition sensors until the assigned predictive
value of the set of condition sensor values meets or ex-
ceeds the minimum predictive value threshold, as shown
in block 2190.

[0158] Figure 22 shows further aspects of the method
shown in Figure 19. In one embodiment, the method in-
cludes in block 2200 receiving a set of physiological sen-
sor values from at least one of the one or more physio-
logical sensors, the set of physiological sensor values
representative of the measured one or more physiolog-
ical parameters; block 2210 assigning a quality value to
the set of physiological sensor values received from the
at least one of the one or more physiological sensors;
block 2220 retaining the set of physiological sensor val-
ues if the assigned quality value of the set of physiological
sensor values meets or exceeds a minimum quality value
threshold; and block 2230 updating at least one flag in-
dicating a need to measure one or more physiological
parameters of the individual if the assigned quality value
of the set of physiological sensor values meets or ex-
ceeds the minimum quality value threshold. The method
including block 2200 for receiving a set of physiological
sensor values from at least one of one or more physio-
logical sensors further optionally includes one or more
of receiving the set of physiological sensor values
through one or more wireless transmissions in block
2240; receiving the set of physiological sensor values
through one or more wired transmissions in block 2245;
receiving the set of physiological sensor values from at
least one of one or more non-contract physiological sen-
sors in block 2250; receiving the set of physiological sen-
sor values from at least one of one or more audio sensors
and/or image capture devices in block 2255; receiving
the set of physiological sensor values from at least one
of one or more micro impulse radar-based sensors in
block 2260; receiving the set of physiological sensor val-
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ues from at least one of one or more ultra-wideband ra-
dar-based sensors in block 2265; and/or receiving the
set of physiological sensor values from at least one of
one or more thermal sensors in block 2270.

[0159] Figure 23 illustrates further aspects of a method
such as illustrated in Figure 21. The method includes
block 2210 assigning a quality value to the set of physi-
ological sensor values received from the at least one of
the one or more physiological sensors and optionally in-
cludes block 2300 assigning the quality value to the set
of physiological sensor values by comparing the set of
physiological sensor values with a set of standard values.
In one embodiment, the set of standard values includes
asetof standard values with defined signal-to-noise ratio,
as illustrated in block 2310. In one embodiment, the set
of standard values includes a set of standard values rep-
resenting a relevant range of values for a specific phys-
iological parameter, as illustrated in block 2320. In one
embodiment, the set of standard values for use in com-
paring with the set of sensor values are stored in a com-
puting device. In one embodiment, the set of standard
values are stored in one or more lookup tables. In one
embodiment, the one or more lookup tables including
sets of standard values are pre-calculated and stored in
a computing device, e.g., in static program storage or in
hardware. In one embodiment, the one or more lookup
tables including sets of standard values are calculated
as part of programs or algorithms run on a computing
device. In one embodiment, the set of standard values
are specific for a given physiological parameter, e.g., a
physiologically relevant range. In one embodiment, the
set of standard values are specific to a given sensor type,
e.g., the amount of noise and the value of data above
the noise may be specific to a sensor type.

[0160] The method includes block 2220 retaining the
set of physiological sensor values if the assigned quality
value of the set of physiological sensor values meets or
exceeds a minimum quality value threshold and option-
ally includes block 2330 retaining the set of sensor values
in one or more data storage devices. Non-limiting exam-
ples of data storage devices have been described above
herein. In one embodiment, the method further includes
re-querying the one of more physiological sensors if the
assigned quality value of the set of physiological sensor
values fails to meet or exceed the minimum quality value
threshold. In one embodiment, the method further in-
cludes re-querying the one or more physiological sensors
until the assigned quality value of the set of physiological
sensor values meets or exceeds the minimum quality
value threshold.

[0161] Returning to Figure 23, in one embodiment, a
method such as shown in Figure 21, optionally includes
reporting the set of physiological sensor values to a user,
as illustrated in block 2340. In one embodiment, reporting
the set of sensor values to a user includes reporting the
retained set of sensor values, i.e., sets of sensor values
that meet or exceeded the minimum quality value thresh-
old. In one embodiment, reporting the set of sensor val-
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ues to the user includes reporting rejected sensor values,
i.e., sets of sensor values that failed to meet or exceed
the minimum quality value threshold. Inone embodiment,
reporting the set of sensor values to the user includes
reporting the set of physiological sensor values to the
user through a wireless communications means. In one
embodiment, reporting the set of sensor values includes
reporting the set of sensor values to the individual and/or
a third party, e.g., a physician, nurse, clinic, or other car-
egiver. In one embodiment, reporting the set of sensor
values includes reporting rejected sensor values to a sys-
tem maintenance service. In one embodiment, the set of
sensor values can be reported through a computing de-
vice accessible to the individual and/or third party. For
example, the computing device, if set up in the residence
of the individual, may be programmed to generate an
onscreen report accessible by the individual. In one em-
bodiment, the computing device is programmed to report
a set of sensor values to a third party, e.g., physician,
nurse, clinic, or other care provider. In one embodiment,
reporting the set of sensor values includes transmitting
the set of sensor values through a transmission means,
e.g., a telephone or the Internet. In one embodiment,
reporting the set of sensor values includes sending an
audible alert or transmitting an alert to a handheld device,
e.g., a cell phone or pager, indicating that a set of sensor
values is available for viewing on a local device, e.g., a
computing device. In one embodiment, reporting the set
of sensor values includes sending the information to a
handheld device, e.g., a cell phone. In one embodiment,
reporting the set of sensor values includes reporting the
set of sensor values through an e-mail message or alert.
In one embodiment, reporting the set of sensor values
includes generating a printout, e.g., a table or other
graphic display, of the set of sensor values.

[0162] Figure 24 illustrates a system for controlling ac-
quisition of information from one or more physiological
sensors. System 2400 includes computing device 2410
and non-transitory signal-bearing medium 2420. Non-
transitory signal-bearing medium 2420 includes one or
more instructions for controlling acquisition of information
from one or more physiological sensors. Non-transitory
signal-bearing medium 2420 includes one or more in-
structions 2425 for generating at least one flag indicating
a need to measure one or more physiological parameter
of an individual based on one or more need-measure-
ment criteria; one or more instructions 2430 for querying
atleast one of one or more condition sensors to measure
one or more conditions of the individual relative to one
or more physiological sensors in response to the at least
one flag; one or more instructions 2435 for receiving a
set of condition sensor values from the at least one of
one or more condition sensors, the set of condition sensor
values representative of the one or more conditions of
the individual relative to the one or more physiological
sensors; one or more instructions 2440 for assigning a
predictive value to the set of condition sensor values; one
or more instructions 2445 for re-querying at least one of
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the one or more condition sensors if the assigned pre-
dictive value of the set of condition sensor values fails to
meet or exceed a minimum predictive value threshold;
one or more instructions 2450 for querying at least one
of the one or more physiological sensors to measure the
one or more physiological parameters of the individual if
the assigned predictive value of the set of condition sen-
sor values meets or exceeds the minimum predictive val-
ue threshold; one or more instructions 2455 for receiving
a set of physiological sensor values from the at least one
of the one or more physiological sensors, the set of phys-
iological sensor values representative of the measured
one or more physiological parameters; one or more in-
structions 2460 for assigning a quality value to the set of
physiological sensor values received from the at least
one of the one or more physiological sensors; one or
more instructions 2465 for retaining the set of physiolog-
ical sensor values if the assigned quality value of the set
of physiological sensor values meets or exceeds a min-
imum quality value threshold; one or more instructions
2470 for updating the at least one flag indicating a need
to measure the one or more physiological parameters of
the individual if the assigned quality value of the set of
physiological sensor values meets or exceeds the mini-
mum quality value threshold; and one or more instruc-
tions 2475 for reporting the set of physiological sensor
values to a user.

[0163] The state of the art has progressed to the point
where there is little distinction left between hardware,
software, and/or firmware implementations of aspects of
systems; the use of hardware, software, and/or firmware
is generally (but not always, in that in certain contexts
the choice between hardware and software can become
significant) a design choice representing cost vs. efficien-
cy tradeoffs. There are various vehicles by which proc-
esses and/or systems and/or other technologies de-
scribed herein can be effected (e.g., hardware, software,
and/or firmware), and that the preferred vehicle will vary
with the context in which the processes and/or systems
and/or other technologies are deployed. For example, if
an implementer determines that speed and accuracy are
paramount, the implementer may opt for a mainly hard-
ware and/or firmware vehicle; alternatively, if flexibility is
paramount, the implementer may opt for a mainly soft-
ware implementation; or, yet again alternatively, the im-
plementer may opt for some combination of hardware,
software, and/or firmware. Hence, there are several pos-
sible vehicles by which the processes and/or devices
and/or other technologies described herein can be ef-
fected, none of which is inherently superior to the other
in that any vehicle to be utilized is a choice dependent
upon the context in which the vehicle will be deployed
and the specific concerns (e.g., speed, flexibility, or pre-
dictability) of the implementer, any of which may vary.
Those skilled in the art will recognize that optical aspects
of implementations will typically employ optically-orient-
ed hardware, software, and or firmware.

[0164] Insomeimplementations described herein, log-
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ic and similar implementations can include software or
other control structures. Electronic circuitry, for example,
may have one or more paths of electrical current con-
structed and arranged to implement various functions as
described herein. In some implementations, one or more
media can be configured to bear a device-detectable im-
plementation when such media hold or transmit a device
detectable instructions operable to perform as described
herein. In some variants, for example, implementations
caninclude an update or modification of existing software
or firmware, or of gate arrays or programmable hardware,
such as by performing a reception of or a transmission
of one or more instructions in relation to one or more
operations described herein. Alternatively or additionally,
in some variants, an implementation can include special-
purpose hardware, software, firmware components,
and/or general-purpose components executing or other-
wise invoking special-purpose components. Specifica-
tions or other implementations can be transmitted by one
or more instances of tangible transmission media as de-
scribed herein, optionally by packet transmission or oth-
erwise by passing through distributed media at various
times.

[0165] Alternatively or additionally, implementations
may include executing a special-purpose instruction se-
quence or otherwise invoking circuitry for enabling, trig-
gering, coordinating, requesting, or otherwise causing
one or more occurrences of any functional operations
described above. In some variants, operational or other
logical descriptions herein may be expressed directly as
source code and compiled or otherwise invoked as an
executable instruction sequence. In some contexts, for
example, C++ or other code sequences can be compiled
directly or otherwise implemented in high-level descriptor
languages (e.g., a logic-synthesizable language, a hard-
ware description language, a hardware design simula-
tion, and/or other such similar mode(s) of expression).
Alternatively or additionally, some or all of the logical ex-
pression may be manifested as a Verilog-type hardware
description or other circuitry model before physical im-
plementation in hardware, especially for basic operations
or timing-critical applications. Those skilled in the art will
recognize how to obtain, configure, and optimize suitable
transmission or computational elements, material sup-
plies, actuators, or other common structures in light of
these teachings.

[0166] The foregoing detailed description has set forth
various embodiments of the devices and/or processes
via the use of block diagrams, flowcharts, and/or exam-
ples. Insofar as such block diagrams, flowcharts, and/or
examples contain one or more functions and/or opera-
tions, it will be understood by those within the art that
each function and/or operation within such block dia-
grams, flowcharts, or examples can be implemented, in-
dividually and/or collectively, by a wide range of hard-
ware, software, firmware, or virtually any combination
thereof. In one embodiment, several portions of the sub-
ject matter described herein can be implemented via Ap-
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plication Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs), digital signal proces-
sors (DSPs), or otherintegrated formats. However, some
aspects of the embodiments disclosed herein, in whole
orin part, can be equivalently implemented in integrated
circuits, as one or more computer programs running on
one or more computers (e.g., as one or more programs
running on one or more computer systems), as one or
more programs running on one or more processors (e.g.,
as one or more programs running on one or more micro-
processors), as firmware, or as virtually any combination
thereof, and that designing the circuitry and/or writing the
code for the software and or firmware would be well within
the skill of one of skill in the art in light of this disclosure.
In addition, the mechanisms of the subject matter de-
scribed herein are capable of being distributed as a pro-
gram product in a variety of forms, and that an illustrative
embodiment of the subject matter described herein ap-
plies regardless of the particular type of signal bearing
medium used to actually carry out the distribution.

[0167] In a general sense, those skilled in the art will
recognize that the various embodiments described here-
in can be implemented, individually and/or collectively,
by various types of electro-mechanical systems having
a wide range of electrical components such as hardware,
software, firmware, and/or virtually any combination
thereof; and a wide range of components that may impart
mechanical force or motion such as rigid bodies, spring
or torsional bodies, hydraulics, electro-magnetically ac-
tuated devices, and/or virtually any combination thereof.
Consequently, as used herein "electro-mechanical sys-
tem" includes, but is not limited to, electrical circuitry op-
erably coupled with a transducer (e.g., an actuator, a
motor, a piezoelectric crystal, a Micro Electro Mechanical
System (MEMS), etc.), electrical circuitry having at least
one discrete electrical circuit, electrical circuitry having
at least one integrated circuit, electrical circuitry having
at least one application specific integrated circuit, elec-
trical circuitry forming a general purpose computing de-
vice configured by a computer program (e.g., a general
purpose computer configured by a computer program
which at least partially carries out processes and/or de-
vices described herein, or a microprocessor configured
by a computer program which at least partially carries
out processes and/or devices described herein), electri-
cal circuitry forming a memory device (e.g., forms of
memory (e.g., random access, flash, read only, etc.)),
electrical circuitry forming a communications device
(e.g., a modem, communications switch, optical-electri-
cal equipment, etc.), and/or any non-electrical analog
thereto, such as optical or other analogs. Those skilled
in the art will also appreciate that examples of electro-
mechanical systems include but are not limited to a va-
riety of consumer electronics systems, medical devices,
as well as other systems such as motorized transport
systems, factory automation systems, security systems,
and/or communication/computing systems. Those
skilled in the art will recognize that electro-mechanical
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as used herein is not necessarily limited to a system that
has both electrical and mechanical actuation except as
context may dictate otherwise.

[0168] In a general sense, the various aspects de-
scribed herein can be implemented, individually and/or
collectively, by a wide range of hardware, software,
firmware, and/or any combination thereof and can be
viewed as being composed of various types of "electrical
circuitry." Consequently, as used herein "electrical cir-
cuitry" includes, but is not limited to, electrical circuitry
having at least one discrete electrical circuit, electrical
circuitry having at least one integrated circuit, electrical
circuitry having at least one application specific integrat-
ed circuit, electrical circuitry forming a general purpose
computing device configured by a computer program
(e.g., a general purpose computer configured by a com-
puter program which at least partially carries out proc-
esses and/or devices described herein, or a microproc-
essor configured by a computer program which at least
partially carries out processes and/or devices described
herein), electrical circuitry forming a memory device (e.g.,
forms of memory (e.g., random access, flash, read only,
etc.)), and/or electrical circuitry forming a communica-
tions device (e.g., amodem, communications switch, op-
tical-electrical equipment, etc.). The subject matter de-
scribed herein can be implemented in an analog or digital
fashion or some combination thereof.

[0169] Those skilled in the art will recognize that at
least a portion of the systems and/or processes de-
scribed herein can be integrated into an image process-
ing system. A typical image processing system generally
includes one or more of a system unit housing, a video
display device, memory such as volatile or non-volatile
memory, processors such as microprocessors or digital
signal processors, computational entities such as oper-
ating systems, drivers, applications programs, one or
more interaction devices (e.g., a touch pad, a touch
screen, anantenna, etc.), control systemsincluding feed-
back loops and control motors (e.g., feedback for sensing
lens position and/or velocity; control motors for mov-
ing/distorting lenses to give desired focuses). An image
processing system can be implemented utilizing suitable
commercially available components, such as those typ-
ically found in digital still systems and/or digital motion
systems.

[0170] Those skilled in the art will recognize that at
least a portion of the systems and/or processes de-
scribed herein can be integrated into a data processing
system. A data processing system generally includes one
or more of a system unit housing, a video display device,
memory such as volatile or non-volatile memory, proc-
essors such as microprocessors or digital signal proces-
sors, computational entities such as operating systems,
drivers, graphical user interfaces, and applications pro-
grams, one or more interaction devices (e.g., a touch
pad, a touch screen, an antenna, etc.), and/or control
systems including feedback loops and control motors
(e.g., feedback for sensing position and/or velocity; con-
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trol motors for moving and/or adjusting components
and/or quantities). A data processing system can be im-
plemented utilizing suitable commercially available com-
ponents, such as those typically found in data comput-
ing/communication and/or network computing/communi-
cation systems.

[0171] Those skilled in the art will recognize that at
least a portion of the systems and/or processes de-
scribed herein can be integrated into a mote system.
Those having skill in the art will recognize that a typical
mote system generally includes one or more memories
such as volatile or non-volatile memories, processors
such as microprocessors or digital signal processors,
computational entities such as operating systems, user
interfaces, drivers, sensors, actuators, applications pro-
grams, one or more interaction devices (e.g., an antenna
USB ports, acoustic ports, etc..), control systems includ-
ing feedback loops and control motors (e.g., feedback
for sensing or estimating position and/or velocity; control
motors for moving and/or adjusting components and/or
quantities). A mote system may be implemented utilizing
suitable components, such as those found in mote com-
puting/communication systems. Specific examples of
such components entail such as Intel Corporation’s
and/or Crossbow Corporation’s mote components and
supporting hardware, software, and/or firmware.

[0172] Incertaincases, use of a system or method may
occurinaterritory even if components are located outside
the territory. For example, in a distributed computing con-
text, use of a distributed computing system may occur in
aterritory even though parts of the system may be located
outside of the territory (e.g., relay, server, processor, sig-
nal-bearing medium, transmitting computer, receiving
computer, etc. located outside the territory). A sale of a
system or method may likewise occur in a territory even
if components of the system or method are located and/or
used outside the territory.

[0173] Further,implementation of at least part of a sys-
tem for performing a method in one territory does not
preclude use of the system in another territory.

[0174] One skilled inthe artwill recognize thatthe here-
in described components (e.g., operations), devices, ob-
jects, and the discussion accompanying them are used
as examples for the sake of conceptual clarity and that
various configuration modifications are contemplated.
Consequently, as used herein, the specific exemplars
set forth and the accompanying discussion are intended
to be representative of their more general classes. In
general, use of any specific exemplar is intended to be
representative of its class, and the non-inclusion of spe-
cific components (e.g., operations), devices, and objects
should not be taken limiting.

[0175] With respect to the use of substantially any plu-
ral and/or singular terms herein, those having skill in the
art can translate from the plural to the singular and/or
from the singular to the plural as is appropriate to the
context and/or application. The various singular/plural
permutations are not expressly set forth herein for sake
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of clarity.

[0176] The hereindescribed subject matter sometimes
illustrates different components contained within, or con-
nected with, different other components. It is to be un-
derstood that such depicted architectures are merely ex-
emplary, and that in fact many other architectures can
be implemented which achieve the same functionality.
In a conceptual sense, any arrangement of components
to achieve the same functionality is effectively "associ-
ated" such that the desired functionality is achieved.
Hence, any two components herein combined to achieve
a particular functionality can be seen as "operably cou-
pled to" each other such that the desired functionality is
achieved, irrespective of architectures or intermedial
components. Likewise, any two components so associ-
ated can also be viewed as being "operably connected,"
or "operably coupled," to each other to achieve the de-
sired functionality, and any two components capable of
being so associated can also be viewed as being "oper-
ably couplable," to each other to achieve the desired
functionality. Specific examples of operably couplable in-
clude but are not limited to physically mateable and/or
physically interacting components, and/or wirelessly in-
teractable, and/or wirelessly interacting components,
and/or logically interacting, and/or logically interactable
components.

[0177] In some instances, one or more components
can be referred to herein as "configured to," "configured
by," "configurable to," "operable/operative to," "adapt-
ed/adaptable," "able to," "conformable/conformed to,"
etc. Those skilled in the art will recognize that such terms
(e.g. "configured to") can generally encompass active-
state components and/or inactive-state components
and/or standby-state components, unless context re-
quires otherwise.

[0178] While particular aspects of the present subject
matter described herein have been shown and de-
scribed, it will be apparent to those skilled in the art that,
based upon the teachings herein, changes and modifi-
cations can be made without departing from the subject
matter described herein and its broader aspects and,
therefore, the appended claims are to encompass within
their scope all such changes and modifications as are
within the true spirit and scope of the subject matter de-
scribed herein.

[0179] It will be understood by those within the art that,
in general, terms used herein, and especially in the ap-
pended claims (e.g., bodies of the appended claims) are
generally intended as "open" terms (e.g., the term "in-
cluding" should be interpreted as "including but not lim-
ited to," the term "having" should be interpreted as "hav-
ing at least," the term "includes" should be interpreted as
"includes but is not limited to," etc.). It will be further un-
derstood by those within the art that if a specific number
of an introduced claim recitation is intended, such an in-
tent will be explicitly recited in the claim, and in the ab-
sence of such recitation no such intent is present. For
example, as an aid to understanding, the following ap-
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pended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce
claim recitations. However, the use of such phrases
should not be construed to imply that the introduction of
aclaim recitation by the indefinite articles "a" or "an" limits
any particular claim containing suchintroduced claim rec-
itation to claims containing only one such recitation, even
when the same claim includes the introductory phrases
"one or more" or "atleast one" and indefinite articles such
as "a" or "an" (e.g., "a" and/or "an" should typically be
interpreted to mean "at least one" or "one or more"); the
same holds true for the use of definite articles used to
introduce claim recitations. In addition, even if a specific
number of an introduced claim recitation is explicitly re-
cited, those skilled in the art will recognize that such rec-
itation should typically be interpreted to mean at least the
recited number (e.g., the bare recitation of "two recita-
tions," without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore,
in those instances where a convention analogous to "at
least one of A, B, and C, etc." is used, in general such a
construction is intended in the sense one having skill in
the art would understand the convention (e.g., " a system
having at least one of A, B, and C" would include but not
be limited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.). In those instances
where a convention analogous to "at least one of A, B,
or C, etc." is used, in general such a construction is in-
tended in the sense one having skill in the art would un-
derstand the convention (e.g., " a system having at least
one of A, B, or C" would include but not be limited to
systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A,
B, and C together, etc.). It will be further understood by
those within the art that typically a disjunctive word and/or
phrase presenting two or more alternative terms, whether
in the description, claims, or drawings, should be under-
stood to contemplate the possibilities of including one of
the terms, either of the terms, or both terms unless con-
text dictates otherwise. For example, the phrase "A or B"
will be typically understood to include the possibilities of
"A" or "B" or "A and B."

[0180] Various non-limiting embodiments are de-
scribed herein as Prophetic Examples.

Prophetic Example 1 - System and method for control-
lably acquiring information from sensorsinanindividual's
residence.

[0181] A system is described for controllably monitor-
ing physiological parameters of an individual with heart
failure unobtrusively in the individual's residence, e.g.,
an apartment in an assisted living facility. The system
includes a computing device programmed to control op-
eration of physiological sensors strategically placed in
the individual’'s residence. In this example, the sensors
are placed in the bedroom and in a room of the residence
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where the individual spends most of his or her waking
hours, e.g., a living room/sitting room/TV room. The in-
dividual's physician develops a need-measurement cri-
teria profile with a monitoring schedule to instruct acqui-
sition of information from the various sensors in the indi-
vidual's residence. The need-measurement criteria pro-
fileincludes the types of sensors to be used and the timing
of acquisition of information from each sensor type. The
need-measurement criteria are either provided to the in-
dividual on a disk or USB drive or are automatically sent
and loaded onto the individual’'s personal computer. In
some instances, a caregiver, e.g., a home nurse who
periodically visits the individual, may provide the need-
measurement criteria for uploading on a portable data
storage device. The sensors are configured to monitor
weight, respiration sounds, gait, and snoring (associated
with sleep apnea).

[0182] The computing device is a personal computer
(e.g., Dell desktop computer from Dell Inc., Round Rock,
TX) connected to the Internet and including a computer-
controlled Wi-Fi relay switching system (e.g., ProXR Ex-
pandable Relay Controller with Wi-Fi Interface from Na-
tional Control Devices, LLC, Oscelola, MO) for wirelessly
switching the physiological sensors on and off in accord-
ance with the monitoring schedule.

[0183] The system further includes a wireless au-
dio/video camera mounted on the wall of the living room
(e.g., Pan/Tilt Network Camera BB-HCM371A from Pa-
nasonic Systems Communications Company of North
America, Secaucus, NJ). The audio/video camera is con-
figured to capture information regarding respiration
sounds, e.g., labored breathing, made by the individual.
In some instances, the combination of audio and video
may be useful for diagnosis, e.g., measuring labored
breathing while the individual is walking and/or at rest.
The audio/video camera is further configured to capture
physical information regarding the individual, e.g., walk-
ing gait, stability, pallor/erythema, swelling, and general
overall appearance.

[0184] The need-measurement criteria for the individ-
ualinclude flags that periodically activate the audio/video
camera over the course of the individual’s waking hours,
e.g., from approximately 8 am to 8 pm. The flags are
activated every 30-60 minutes and record data for 5 min-
utes. The audio/video data is assigned a quality value
based on the signal-to-noise, e.g., audio resembling
breathing recorded above background noise. If no
breathing sound at all is detected in the recording, this
may indicate that the individual is not present in the room,
indicating that the quality value of the recorded data is
low. The presence or absence of the individual in the
room can be confirmed with the video recording. If the
background sound is too loud, e.g., breathing sounds
cannot be detected over the sound of a television, the
data will be assigned a low quality value. Any given flag
will remain active until audio recordings with quality val-
ues that meet or exceed the minimum quality value
threshold are acquired.
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[0185] The system further includes a scale for meas-
uring the individual’'s weight. The scale is incorporated
into and/or under a chair frequented by the individual and
is automatically activated when the individual sits in the
chair. However, the weight measurement is only proc-
essed by the computer if a flag indicating a need to take
a weight measurement is activated. For weight, the flag
is active first thing in the morning, e.g., the first time the
individual sits down in the chair. The flag will remain ac-
tive until a measurement is recorded and retained by the
computer, assuming the measurement has a quality val-
ue that meets or exceeds the minimum quality value
threshold (e.g., representing no change in weight or a
physiologically feasible weight change for the individual
since the last measurement approximately 24 hours be-
fore). In this way, if another individual of different weight,
e.g., a spouse or a family pet, sits in the chair, the weight
measurement will be deemed of low quality and not re-
corded and the flag will remain active untila weight meas-
urement that meets or exceeds the minimum quality val-
ue threshold is acquired.

[0186] Another series of sensors are included in the
sleeping area of the individual. The sensors include audio
sensors for measuring snoring during sleep. Snoring is
correlated with sleep apnea and can be monitored/as-
sessed using audiorecordings (see, e.g., Ghaemmagha-
mi et al, Conf. Proc. IEEE Eng. Med. Biol. Soc. (2009)
2009:5551-5554). Snoring detected in an individual who
is using continuous positive airway pressure (CPAP) as
therapy for sleep apnea may indicate a need to adjust
the pressure on the CPAP equipment. One or more audio
sensors (e.g., low noise microphones from Nady Sys-
tems, Emeryville, CA) are wirelessly connected to the
personal computer. The computer is programmed to pe-
riodically activate the one or more microphones during
the course of the night based on activation flags in the
individual’'s schedule of need-measurement criteria. For
analysis, at least ten 30 second audio clips are needed,
requiring at least 10 activation flags during the course of
the night. Each 30 second audio clip is given a quality
value ranging from 0 to 100, where 100 is optimal. The
assignment of the quality value is based on comparison
of the recorded audio clip with a set of standard values.
The assigned quality value is dependent on the volume
of the recorded audio clip (e.g., too much noise or com-
plete silence) or unrelated noise (e.g., the family petbark-
ing or a siren passing by). A minimum quality value
threshold is set at 50. If the quality of the audio clip is
below 50, the flag remains activated and additional 30
seconds of audio are recorded. Repeated recording con-
tinues until 10 sets of 30 second audio clips with a quality
value of 50 or higher are acquired.

[0187] The information from the various sensors that
have assigned quality values that meet or exceed the
minimum quality value threshold is retained. The retained
set of sensor values is automatically reported to the in-
dividual’s physician or other caregiver foranalysis. Based
on the information, the individual’s physician may choose
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to alter the need-measurement criteria to acquire data
more or less often or to alter the types of sensors that
are being queried.

Prophetic Example 2 - System and method of control-
lably acquiring sensor information from an individual
based on condition of individual relative to the sensors.

[0188] A system is described for controllably acquiring
physiological sensor information from an individual in a
residence based on the condition of the individual (e.g.,
movement and/or proximity) relative to the physiological
sensors. The system includes a computing device, e.g.,
the individual’s personal computer, programmed to con-
trol operation of condition sensors and physiological sen-
sors strategically placed in the individual's residence. In
this example, the sensors are placed in a room of the
residence where the individual spends most of his or her
waking hours, e.g., a living room/sitting room/TV room.
The individual’s physician or other caregiver develops a
need-measurement criteria profile with a monitoring
schedule to instruct acquisition of information from the
various sensors in the individual’'s residence. The need-
measurement criteria profile includes the types of sen-
sors to be used, the timing of acquisition of information
from each sensor type, and the minimum quality value
thresholds for each sensortype. The need-measurement
criteria are either provided to the individual on a disk or
USB drive or are automatically sent and loaded onto the
individual’s personal computer. The computing device is
programmed to control the physiological sensors based
on feedback from the condition sensors. Acquisition of
physiological sensor values is further dictated by the
need-measurement criteria prescribed by the individual’s
physician or other caregiver.

[0189] The system includes a motion detector (e.g.,
MS13 RF Motion Detector from Marmitek BV, Eindhoven,
The Netherlands) configured to wirelessly send a signal
to areceiver, e.g., associated with the computing device,
to indicate movement in the monitored region. The mo-
tion detector detects whether an individual has entered
aroom. If a flag is active indicating a need to measure a
physiological parameter, e.g., breathing sounds, a phys-
iological sensor, e.g., a stand-alone microphone or mi-
crophone associated with a video camera is queried. A
sensor system for detecting disordered breathing is de-
scribed (see, e.g., U.S. Patent No. 7,396,333). If a flag
is not active, then the physiological sensor is not queried
in response to the trigger from the motion detector.
[0190] In some instances, the physiological sensor
may only be activated if the individual is close enough to
the physiological sensor. The motion detector detects
that the individual has entered the room and sends a
wireless signal to activate a proximity sensor (e.g., UL-
TRA-U ultrasonic proximity sensor from Senix Corp., Hi-
nesburg, VT). The proximity sensor in turn measures the
distance between the individual and the physiological
sensor and transmits this information to the computer.
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The computer includes programming to assign a predic-
tive value to the measurement based on the predicted
quality of data from the physiological sensor relative to
the distance to the individual. For example, the best data
may be obtained at 1 meter from the physiological sensor,
with lesser quality data as the distance gets larger, such
that a relative predictive value of 100 is given to proximity
sensor value indicating the individual is 1 meter from the
physiological sensor, a relative predictive value of 80 if
the individual is 2 meters from the physiological sensor,
arelative predictive value of 60 if the individual is 3 meters
from the physiological sensor, and so on. A minimum
predictive value threshold is set, e.g., at 50, based on
the sensor type and the needs of the individual. If the
minimum predictive value threshold is met or exceeded,
i.e., the individual is an appropriate distance from a given
physiological sensor, the sensor is triggered, assuming
that a flag indicating a need to do so is active. If the min-
imum predictive value threshold is not met, i.e., the indi-
vidual is not an appropriate distance from a given phys-
iological sensor, the sensor is not triggered, even if a flag
to do so is active. The computer is programmed to re-
query the condition sensor to update information on
where the individual is relative to the physiological sen-
sor.

[0191] A micro impulse radar-based sensor is queried
in response to a flag indicating a need to unobtrusively
measure the heart rate of the individual. The micro im-
pulse radar-based sensor is incorporated into a wall or
piece of furniture in the individual’s residence, preferably
in a location that the individual frequents on a daily basis
and remains relatively still, e.g., a favorite chair or in front
of a bathroom mirror. The micro impulse radar-based
sensor is only queried if the predictive value of the con-
dition sensor values related to proximity and motion meet
the minimum predictive value threshold. For example, a
proximity value of 1 meter may be given a predictive value
of 20 for this particular sensor type, while a proximity
value of 15 centimeters may be given a predictive value
of 100. A predictive value threshold of 50 would indicate
that if the individual is standing 1 meter away from the
micro impulse radar-based sensor, the sensor would not
be queried until the individual moved closer so as to op-
timize data acquired from the sensor. In addition, radar
senses body movement in general in addition to move-
ment of the heart. As such, more movementwould predict
lower quality data from the radar-based sensor. In addi-
tion, multiple queries to the micro impulse radar-based
sensor may be needed to acquire sensor values that
meet the minimum quality value threshold, e.g., interpret-
able heart rate data, because different distances and
placements may require adjustments to the delay-line. A
micro impulse radar system for detecting heart rate and
adiscussion of parameter tuning are described (see, e.g.,
Michahelles et al., (2004) Proceedings of the Eighth In-
ternational Symposium on Wearable Computers
(ISWC’04) 1530-0811/04).

[0192] The retained physiological sensor values are
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reported to both the individual and the individual's phy-
sician on a daily basis. The individual's personal compu-
ter emits an audible alertindicating that a reportincluding
the physiological sensor values are available for viewing.
The reporting may include a graphic that shows the trend
of physiological sensor values over a given time frame,
e.g., a 24 hour period or a 7 day period. Similar informa-
tion is also transmitted through the Internet to the indi-
vidual’s physician. The physician may also receive a re-
port of how often any given sensor in the system failed
to acquire physiological sensor values that met the min-
imum quality value threshold as an indication of how well
the system is working and whether repair or replacement
of sensors is needed.

Prophetic Example 3 - System and method for control-
lably acquiring sensor information from multiple individ-
uals in a group home setting.

[0193] A systemis described for controlling acquisition
of sensor information from multiple individuals in a resi-
dential space, e.g., a group home. The system includes
a centralized desktop computer in a secure portion of the
group home, e.g., in an office of the group home, that is
monitored by group home staff. The centralized desktop
computer is operably connected to sensors throughout
the common rooms of the group home, e.g., a sitting
room/TV room and/or a dining room. The connection be-
tween the computer and the sensors is facilitated through
both wireless and/or wired communication to a central
control box, e.g., a switch box, connected to and control-
led by the computing device. The physiological sensors
include sensors imbedded or mounted on the walls and
incorporated into furniture in the common rooms.
[0194] Each individual in the group home has his or
her individual monitoring schedule including need-meas-
urement criteria. The monitoring schedules including the
need-measurement criteria for each individual are down-
loaded into the centralized desktop computer, either from
a portable data means, e.g., a USB drive, or from an
Internet communication between the computer and one
or more prescribing physicians and/or caregivers. Each
of the need-measurement criteria include the types of
sensors that need to be queried, the frequency at which
each sensor type needs to be queried over a given time
frame, and the minimum quality value thresholds for each
sensor type. Individualized flags indicating a need to
measure a specific physiological parameter are gener-
ated based on each individual’'s need-measurement cri-
teria.

[0195] The system includes atleast one video camera
for use in real-time identification of each individual resid-
ing in the group home (e.g., iPro SmartHD system Real
Time Face Matching function from Panasonic Systems
Communications Company of North America, Secaucus,
NJ). A motion detector (e.g., Next® PG2 wireless digital
passive infrared (PIR) detector, from Visonic, Ltd., Tel
Aviv, Israel) is used to trigger activation of the video cam-
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era when someone enters the room. The recorded im-
ages are assigned a predictive value based on the quality
of the information. For facial recognition, the predictive
value may be assigned based on lighting, shadows,
shading, face position in terms of skew, orientation, trans-
lation, facial expressions, and changes in facial hair, hair
styles, weight, or eye wear. The facial recognition soft-
ware running on the computer determines if the individual
is part of the group of individuals being monitored by the
system and if so looks to see if there are any active flags
associated with the identified individual. Ifthere are active
flags, the appropriate set of physiological sensors in the
common room are activated according to the individual’'s
specific need-measurement criteria. A proximity sensor,
as described above, may also be used to determine if
the identified individual is in an optimal position relative
to the physiological sensors to generate quality data.

[0196] The chairs and walls in either the community
room or dining room of the group home are equipped
with a variety of physiological sensors configured to
measure various physiological parameters of an identi-
fied individual based on the individual's specific need-
measurement criteria. Sensors associated with the
chairs are in wireless communication with the centralized
computer and are queried based on the identity of the
individual and any associated flags. For example, the
chairs may be configured to assess weight, electrocar-
diogram, heart rate, and respiration rate as necessary
for an identified individual and wirelessly transmit the ac-
quired physiological sensor values to the centralized
computer. An electronic scale associated with a chair is
queriedinresponse to aflagindicating a need foraweight
measurement. Electric potential sensors position 1 meter
apart on opposite sides of the chair are queried in re-
sponse to a flag indicating a need for an electrocardio-
gram. Non-conductive electric potential sensors to de-
termine an individual’s electrocardiogram are described
(see, e.g., Harland et al., Meas. Sci. Technol. (2002)
13:163-169). Sensors built into the back of the chair in-
cluding a source of radio frequency electromagnetic sig-
nals and a means to detect reflected electromagnetic sig-
nal waves are queried in response to a flag indicating a
need for respiration rate and heart rate. A remote sensor
to detect respiration and heart rate are described (see,
e.g., U.S. Patent No. 7,272,431). Sensors associated
with the walls are in wireless and/or wired communication
with the centralized computer and include audio/video
equipment, infrared cameras, micro-impulse radar-
based sensors, and/or ultra-wideband radar-based sen-
sors. For example, an infrared camera installed in the
wall is queried in response to a flag indicating a need to
measure a body temperature of an identified individual.
Devices and methods to determine core body tempera-
ture remotely are described (see, e.g., U.S. Patent
7,340,293). An ultra-wide band (UWB) sensor consisting
of antennas and a kilohertz pulser associated with the
wall is queried in response to a flag indicating a need to
measure a respiration rate and/or heart rate of an iden-
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tified individual. A system for UWB monitoring of heart
and respiration rate of multiple individuals simultaneous-
ly is described (see, e.g., Rivera et al., "Multi-target es-
timation of heart and respiration rates using ultra wide-
band sensors," European Signal Processing Confer-
ence, Sept. 4-8, 2006, Florence, Italy).

[0197] The acquired physiological sensor values are
transmitted to the centralized computing device and as-
signed a quality value. Ifthe assigned quality value meets
or exceeds the minimum quality value threshold, the val-
ues are retained and the status of the flag is updated. If
the assigned quality value does not meet or exceed the
minimum quality value threshold, the flag remains active
and the condition sensors and/or the physiological sen-
sors are re-queried. The retained physiological sensor
values are reported to an individual’s respective physi-
cian or other caregiver and any adjustments to the need-
measurement criteria are made and transmitted back to
the centralized computer.

[0198] With respect to the appended claims, those
skilled in the art will appreciate that recited operations
therein may generally be performed in any order. Also,
although various operational flows are presented in a se-
quence(s), it should be understood that the various op-
erations may be performed in other orders than those
which are illustrated, or may be performed concurrently.
Examples of such alternate orderings may include over-
lapping, interleaved, interrupted, reordered, incremental,
preparatory, supplemental, simultaneous, reverse, or
other variant orderings, unless context dictates other-
wise. Furthermore, terms like "responsive to," "related
to," or other past-tense adjectives are generally not in-
tended to exclude such variants, unless context dictates
otherwise.

[0199] While various aspects and embodiments have
been disclosed herein, other aspects and embodiments
will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for pur-
poses of illustration and are not intended to be limiting,
with the true scope being indicated by the following
claims.

Claims
1. A system (100), comprising:

a network of remote non-contact physiological
sensors (110), including at least one micro-
phone and at least one image capture device;
a computing device (120) operably connected
to the network of remote non-contact physiolog-
ical sensors, the computing device including a
processor (130) programmed to:

query (145) at least one of the remote non-
contact physiological sensors to remotely
measure one or more physiological param-
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eters (150) of an individual in response to
at least one flag indicating a need to meas-
ure the one or more physiological parame-
ters;

receive (150) a set of sensor values from
the at least one of the remote non-contact
physiological sensors, the set of sensor val-
ues representative of the remotely meas-
ured one or more physiological parameters;
assign (155) a quality value to the set of
sensor values received from the atleastone
of the remote non-contact physiological
Sensors;

retain (160) the set of sensor values if the
assigned quality value of the set of sensor
values meets or exceeds a minimum quality
value threshold;

update (165) the at least one flag if the as-
signed quality value of the set of sensor val-
ues meets or exceeds the minimum quality
value threshold; and characterised in that
the processor is further programmed to:
re-query at least one of the remote non-con-
tact physiological sensors to acquire an up-
dated set of sensor values representative
of the one or more measured physiological
parameters of the individual if the assigned
quality value of the set of sensor values fails
to meet or exceed the minimum quality val-
ue threshold.

The system of claim 1, wherein the computing device
including the processor is programmed to generate
the at least one flag indicating the need to measure
the one or more physiological parameters of the in-
dividual based on one or more need-measurement
criteria, for example wherein at least one of:

the one or more need-measurement criteria in-
clude at least one of a number of sensor values
needed over time for a reliable diagnosis or a
number of sensor values with assigned quality
values that meet the minimum quality value
threshold;

the one or more need-measurement criteria in-
clude at least one of a time of day or a health
status of the individual;

the one or more need-measurement criteria are
part of a monitoring schedule.

3. The system of any one of the preceding claims,

wherein the remote non-contact physiological sen-
sors include at least one of:

atleast one of one or more micro-impulse radar-
based sensors, one or more image capture de-
vices, one or more thermal sensors, one or more
lasers, or one or more audio sensors;
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one or more ultra-wideband radar-based sen-
sors.

4. The system of any one of the preceding claims,

wherein the computing device is programmed to
query at least one of:

the at least one of the remote non-contact phys-
iological sensors in at least one of a time de-
pendent manner or a sensor-type dependent
manner;

the at least one of the remote non-contact phys-
iological sensors based on a number of previous
queries to the at least one of the one or more
physiological sensors;

the at least one of the remote non-contact phys-
iological sensors based on the assigned quality
value of a previously received set of sensor val-
ues;

the at least one of the remote non-contact phys-
iological sensors based on at least one of a
health status of the individual or identity of the
individual.

The system of any one of the preceding claims,
wherein the one or more physiological parameters
of the individual include one or more physiological
parameters of the individual diagnostic for heart fail-
ure.

The system of any one of the preceding claims,
wherein the computing device is programmed to per-
form at least one of:

assigning the quality value to the set of physio-
logical sensor values by comparing the set of
physiological sensor values with a set of stand-
ard values;

reporting the set of sensor values to a user.

The system of any one of the preceding claims, fur-
ther comprising one or more condition sensors, the
computing device being operably connected to the
one or more condition sensors and the network of
remote non-contact physiological sensors, the proc-
essor of the computing device being programmed to:

query at least one of the one or more condition
sensors to initiate measurement of one or more
conditions of anindividual relative to the network
of remote non-contact physiological sensors;
receive a set of condition sensor values from the
at least one of the one or more condition sen-
sors, the set of condition sensor values repre-
sentative of the one or more conditions of the
individual relative to the network of remote non-
contact physiological sensors;

assign a predictive value to the set of condition
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sensor values;

wherein the step of querying the at least one of
the network of remote non-contact physiological
sensors to measure the one or more physiolog-
ical parameters of the individual is carried out if
the assigned predictive value of the set of con-
dition sensor values meets or exceeds a mini-
mum predictive value threshold; and

re-query atleastone ofthe one or more condition
sensors if the assigned predictive value of the
set of condition sensor values fails to meet or
exceed the minimum predictive value threshold.

The system of claim 7, wherein the one or more con-
dition sensors include one or more biometric sen-
sors.

The system of claim 7 or claim 8, wherein the one
or more conditions of the individual relative to the
network of remote non-contact physiological sen-
sors include atleast one of proximity, visibility, move-
ment, position, or biometrics of the individual relative
to the network of non-contact physiological sensors.

The system of any one of claims 7 to 9, wherein the
computing device is programmed to perform at least
one of:

querying the at least one of the one or more con-
dition sensors to initiate measurement of one or
more of proximity, visibility, line-of-sight, motion,
acceleration, biometrics, or position of the indi-
vidual relative to the one or more physiological
Sensors;

querying the at least one of the one or more con-
dition sensors in response to a triggering event,
for example wherein the triggering event in-
cludes input from at least one of a motion de-
tector, a timing device, or a proximity sensor;
assigning a predictive value to the set of condi-
tion sensor values based on comparison of the
set of condition sensor values with a stored set
of optimal condition values.

The system of any one of claims 7 to 10, wherein
the minimum predictive value threshold is an as-
signed predictive value for a set of condition sensor
values that is sufficient to predict that the individual
is in one or more conditions relative to at least one
of the remote non-contact physiological sensors to
acquire a useable set of physiological sensor values
from the atleast one of the remote non-contact phys-
iological sensors.

The system of any one of claims 7 to 11, wherein
the computing device is programmed to query the at
least one of the remote non-contact physiological
sensors to measure the one or more physiological
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parameters of the individual if the assigned predic-
tive value of the set of condition sensor values meets
or exceeds a minimum predictive value threshold
and at least one flag indicating a need to measure
the one or more physiological parameters of the in-
dividual is active based on one or more need-meas-
urement criteria, for example wherein the one or
more need-measurement criteria include one or
more of a time of day, an interval of time since a
previous measurement, a number of queries needed
over time for a reliable diagnosis, a monitoring
schedule, or a health status of the individual.

A method for controlling acquisition of information
from a network of remote non-contact sensors, in-
cluding at least one microphone and at least one
image capture device, comprising:

generating at least one flag indicating a need to
measure one or more physiological parameters
of an individual based on one or more need-
measurement criteria;

querying at least one of the remote non-contact
physiological sensors in response to the at least
one flag;

receiving a set of sensor values from the at least
one of the remote non-contact physiological
sensors, the set of sensor values representative
of the one or more measured physiological pa-
rameters of the individual;

assigning a quality value to the set of sensor
values received from the at least one of the re-
mote non-contact physiological sensors;
retaining the set of sensor values if the assigned
quality value of the set of sensor values meets
or exceeds a minimum quality value threshold;
updating the at least one flag if the assigned
quality value of the set of sensor values meets
or exceeds the minimum quality value threshold;
and characterised in that the method further
comprises:

re-querying at least one of the remote non-con-
tact physiological sensors to acquire an updated
set of sensor values representative of the one
or more measured physiological parameters of
the individual if the assigned quality value of the
set of sensor values fails to meet or exceed the
minimum quality value threshold.

14. A computer program product comprising one or more

instructions for causing the processor of the system
of any one of claims 1 to 12 to carry out the method
of claim 13.

Patentanspriiche

1.

System (100), umfassend:
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ein Netzwerk entfernter kontaktloser physiolo-
gischer Sensoren (110), aufweisend mindes-
tens ein Mikrofon und mindestens eine Bilder-
fassungseinrichtung;

eine Recheneinrichtung (120), wirkverbunden
mit dem Netzwerk entfernter kontaktloser phy-
siologischer Sensoren, wobei die Rechenein-
richtung einen Prozessor (130) aufweist, pro-
grammiert zum

Abfragen (145) mindestens eines der entfernten
kontaktlosen physiologischen Sensoren, um ei-
nen oder mehrere physiologische Parameter
(150) eines Individuums in Reaktion auf mindes-
tens ein Flag zu messen, das ein Erfordernis
angibt, den einen oder die mehreren physiolo-
gischen Parameter zu messen;

Empfangen (150) einer Gruppe von Sensorwer-
ten von dem mindestens einen der entfernten
kontaktlosen physiologischen Sensoren, wobei
die Gruppe von Sensorwerten den oder die ei-
nen oder mehreren entfernt gemessenen phy-
siologischen Parameter wiedergibt;

Zuweisen (155) eines Qualitatswerts zu der
Gruppe von an dem mindestens einen der ent-
fernten kontaktlosen physiologischen Sensoren
empfangenen Sensorwerten;

Beibehalten (160) der Gruppe von Sensorwer-
ten, falls der zugewiesene Qualitdtswert der
Gruppe von Sensorwerten einen Mindest-
schwellenwert des Qualitatswerts erreicht oder
Ubersteigt;

Aktualisieren (165) des mindestens einen Flags,
falls der zugewiesene Qualitatswert der Gruppe
von Sensorwerten den Mindestschwellenwert
des Qualitatswerts erreicht oder Ubersteigt;
und dadurch gekennzeichnet, dass der Pro-
zessor ferner programmiert ist zum
Neuabfragen mindestens eines der entfernten
kontaktlosen physiologischen Sensoren zum
Erfassen einer aktualisierten Gruppe von Sen-
sorwerten, die den einen oder die mehreren ge-
messenen physiologischen Parameter des In-
dividuums wiedergeben, falls der zugewiesene
Qualitatswert der Gruppe von Sensorwerten
den Mindestschwellenwert des Qualitatswerts
nicht erreicht oder ubersteigt.

System nach Anspruch 1, wobei die den Prozessor
aufweisende Recheneinrichtung dafiir program-
miert ist, das mindestens eine Flag zu erzeugen, das
das Erfordernis angibt, den einen oder die mehreren
physiologischen Parameter des Individuums basie-
rend auf einem oder mehreren Bedarfsmesskriterien
ZU messen,

beispielsweise, wobei mindestens eines zutrifft von:

das eine Bedarfsmesskriterium oder die mehre-
ren Bedarfsmesskriterien weisen mindestens
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eines auf von einer Anzahl von Sensorwerten,
die im Zeitverlauf fiir eine zuverlassige Diagno-
se bendtigt werden, oder einer Anzahl von Sen-
sorwerten mit zugewiesenen Qualitatswerten,
die den Mindestschwellenwert des Qualitats-
werts erreichen;

das eine Bedarfsmesskriterium oder die mehre-
ren Bedarfsmesskriterien weisen mindestens
eines auf von einer Uhrzeit oder einem Gesund-
heitszustand des Individuums;

das eine Bedarfsmesskriterium oder die mehre-
ren Bedarfsmesskriterien sind Teil eines Uber-
wachungsplans.

System nach einem der vorstehenden Anspriiche,
wobei die entfernten kontaktlosen physiologischen
Sensoren mindestens eines aufweisen von
mindestens einem von einem oder mehreren radar-
basierten Mikroimpulssensoren, einer oder mehre-
ren Bilderfassungseinrichtungen, einem oder meh-
reren thermischen Sensoren, einem oder mehreren
Lasern oder einem oder mehreren Audiosensoren;
einem oder mehreren radarbasierten Ultrabreit-
bandsensoren.

System nach einem der vorstehenden Anspriiche,
wobei die Recheneinrichtung dafiir programmiert,
mindestens einen abzufragen von

dem mindestens einen der entfernten kontaktlosen
physiologischen Sensoren auf mindestens eine von
einer zeitabhangigen Weise oder einer sensortypab-
hangigen Weise;

dem mindestens einen der entfernten kontaktlosen
physiologischen Sensoren, basierend auf einer An-
zahl von vorangegangenen Abfragen an den min-
destens einen der ein oder mehreren physiologi-
schen Sensoren;

dem mindestens einen der entfernten kontaktlosen
physiologischen Sensoren, basierend auf dem zu-
gewiesenen Qualitatswert einer zuvor empfangenen
Gruppe von Sensorwerten;

dem mindestens einen der entfernten kontaktlosen
physiologischen Sensoren, basierend auf mindes-
tens einem von einem Gesundheitszustand des In-
dividuums oder der Identitat des Individuums.

System nach einem der vorstehenden Anspriiche,
wobei die ein oder mehreren physiologischen Para-
meter des Individuums einen oder mehrere physio-
logische Parameter der individuellen Diagnose von
Herzinsuffizienz aufweisen.

System nach einem der vorstehenden Anspriiche,
wobei die Recheneinrichtung daftir programmiertist,
mindestens eines durchzuflihren von

Zuweisen des Qualitatswerts zu der Gruppe physi-
ologischer Sensorwerte mittels Vergleichs der Grup-
pe physiologischer Sensorwerte mit einer Gruppe
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von Standardwerten;
Berichten der Gruppe von Sensorwerten an einen
Benutzer.

System nach einem der vorstehenden Anspriiche,
ferner umfassend einen oder mehrere Zustandssen-
soren, wobei die Recheneinrichtung mit dem einen
oder den mehreren Zustandssensoren und dem
Netzwerk von entfernten kontaktlosen physiologi-
schen Sensoren wirkverbunden ist, wobei der Pro-
zessor der Recheneinrichtung programmiert ist zum
Abfragen von mindestens einem der ein oder meh-
reren Zustandssensoren, um eine Messung von ein
oder mehreren Zustanden eines Individuums relativ
zu dem Netzwerk von entfernten kontaktlosen phy-
siologischen Sensoren zu initiieren;

Empfangen einer Gruppe von Zustandssensorwer-
ten von dem mindestens einen der ein oder mehre-
ren Zustandssensoren, wobei die Gruppe von Zu-
standssensorwerten die ein oder mehreren Zustan-
de des Individuums relativ zu dem Netzwerk von ent-
fernten kontaktlosen physiologischen Sensoren wie-
dergibt;

Zuweisen eines pradiktiven Werts zu der Gruppe von
Zustandssensorwerten;

wobei der Schritt des Abfragens des mindestens ei-
nendes Netzwerks von entfernten kontaktlosen phy-
siologischen Sensoren zum Messen des einen oder
der mehreren physiologischen Parameter des Indi-
viduums durchgefihrt wird, falls der zugewiesene
pradiktive Wert der Gruppe von Zustandssensorwer-
ten einen Mindestschwellenwert des pradiktiven
Werts erreicht oder Gbersteigt; und

Neuabfragen von mindestens einem der ein oder
mehreren Zustandssensoren, falls der zugewiesene
pradiktive Wertder Gruppe von Zustandssensorwer-
ten den Mindestschwellenwert des pradiktiven
Werts nicht erreicht oder Gbersteigt.

System nach Anspruch 7, wobei die ein oder meh-
reren Zustandssensoren einen oder mehrere biome-
trische Sensoren aufweisen.

System nach Anspruch 7 oder Anspruch 8, wobei
die ein oder mehreren Zustédnde des Individuums
relativ zu dem Netzwerk entfernter kontaktloser phy-
siologischer Sensoren mindestens eines aufweisen
von Nahe, Sichtbarkeit, Bewegung, Position oder Bi-
ometrie des Individuums relativ zu dem Netzwerk
kontaktloser physiologischer Sensoren.

System nach einem der Anspriiche 7 bis 9, wobei
die Recheneinrichtung programmiert ist zum Durch-
fihren von mindestens einem von

Abfragen des mindestens einen der ein oder meh-
reren Zustandssensoren zum Initiieren der Messung
von einem oder mehreren von Nahe, Sichtbarkeit,
Sichtlinie, Bewegung, Beschleunigung, Biometrie
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oder Position des Individuums relativ zu dem einen
oder den mehreren physiologischen Sensoren;
Abfragen des mindestens einen der ein oder meh-
reren Zustandssensoren in Reaktion auf ein Ausl6-
seereignis, wobei das Ausléseereignis beispielswei-
se eine Eingabe von mindestens einem von einem
Bewegungsdetektor, einer Zeitgebungseinrichtung
oder einem Naherungssensor aufweist;

Zuweisen eines pradiktiven Werts zu der Gruppe von
Zustandssensorwerten, basierend auf einem Ver-
gleich der Gruppe von Zustandssensorwerten mit ei-
ner gespeicherten Gruppe optimaler Zustandswer-
te.

System nach einem der Anspriiche 7 bis 10, wobei
der Mindestschwellenwert des pradiktiven Werts ein
fur eine Gruppe von Zustandssensorwerten zuge-
wiesener pradiktiver Wert ist, der ausreichend ist,
um vorherzusagen, dass das Individuum in einem
Zustand oder in mehreren Zustanden relativ zu min-
destens einem der entfernten kontaktlosen physio-
logischen Sensoren ist, um eine verwendbare Grup-
pe von physiologischen Sensorwerten von dem min-
destens einen der entfernten kontaktlosen physiolo-
gischen Sensoren zu erfassen.

System nach einem der Anspriiche 7 bis 11, wobei
die Recheneinrichtung daflir programmiert ist, den
mindestens einen der entfernten kontaktlosen phy-
siologischen Sensoren abzufragen, um die ein oder
mehreren physiologischen Parameter des Individu-
ums zu messen, falls der zugewiesene pradiktive
Wert der Gruppe von Zustandssensorwerten einen
Mindestschwellenwert des pradiktiven Werts er-
reicht oder Ubersteigt und mindestens ein Flag aktiv
ist, das basierend auf einem oder mehreren Bedarfs-
messkriterien ein Erfordernis angibt, die ein oder
mehreren physiologischen Parameter des Individu-
ums zu messen, wobei die ein oder mehreren Be-
darfsmesskriterien eines oder mehrere aufweisen
von einer Uhrzeit, einem Zeitintervall seit einer vor-
angegangenen Messung, einer flr eine zuverlassige
Diagnose im Zeitverlauf bendtigten Anzahl von Ab-
fragen, einem Uberwachungsplan oder einem Ge-
sundheitszustand des Individuums.

Verfahren zur Steuerung der Informationserfassung
von einem Netzwerk entfernter kontaktloser Senso-
ren, aufweisend mindestens ein Mikrofon und min-
destens eine Bilderfassungseinrichtung, umfas-
send:

Erzeugen mindestens eines Flags, das ein Er-
fordernis angibt, einen oder mehrere physiolo-
gische Parameter eines Individuums basierend
auf ein oder mehreren Bedarfsmesskriterien zu
messen;

Abfragen mindestens eines der entfernten kon-
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taktlosen physiologischen Sensoren in Reakti-
on auf das mindestens eine Flag;

Empfangen einer Gruppe von Sensorwerten
von dem mindestens einen der entfernten kon-
taktlosen physiologischen Sensoren, wobei die
Gruppe von Sensorwerten den einen oder die
mehreren gemessenen physiologischen Para-
meter des Individuums wiedergibt;

Zuweisen eines Qualitatswerts zu der Gruppe
von Sensorwerten, empfangen von dem min-
destens einen der entfernten kontaktlosen phy-
siologischen Sensoren;

Beibehalten der Gruppe von Sensorwerten, falls
der zugewiesene Qualitatswert der Gruppe von
Sensorwerten einen Mindestschwellenwert des
Qualitatswerts erreicht oder Ubersteigt;
Aktualisieren des mindestens einen Flags, falls
der zugewiesene Qualitatswert der Gruppe von
Sensorwerten den Mindestschwellenwert des
Qualitatswerts erreicht oder tbersteigt; und da-
durch gekennzeichnet, dass das Verfahren
ferner umfasst:

Neuabfragen mindestens eines der entfernten
kontaktlosen physiologischen Sensoren zum
Erfassen einer aktualisierten Gruppe von Sen-
sorwerten, die den einen oder die mehreren ge-
messenen physiologischen Parameter des In-
dividuums wiedergeben, falls der zugewiesene
Qualitatswert der Gruppe von Sensorwerten
den Mindestschwellenwert des Qualitatswerts
nicht erreicht oder ubersteigt.

14. Rechnerprogrammprodukt, umfassend eine oder

mehrere Anweisungen, um den Prozessor des Sys-
tems nach einem der Anspriiche 1 bis 12 zum Durch-
fihren des Verfahrens nach Anspruch 13 zu veran-
lassen.

Revendications

Systeme (100), comprenant :

unréseau de capteurs physiologiques sans con-
tact a distance (110), comprenant au moins un
microphone et au moins un dispositif de capture
d’'images ;

un dispositif de calcul (120) connecté de manie-
re opérationnelle au réseau de capteurs physio-
logiques sans contact a distance, le dispositif de
calcul comprenant un processeur (130) pro-
grammeé pour :

interroger (145) au moins un des capteurs
physiologiques sans contact a distance
pour mesurer a distance un ou plusieurs pa-
rameétres physiologiques (150)d’unindividu
en réponse a au moins un indicateur indi-
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quantla nécessité de mesurerles un ou plu-
sieurs paramétres physiologiques ;
recevoir (150) un ensemble de valeurs de
capteurprovenantde 'au moins undes cap-
teurs physiologiques sans contact a distan-
ce, 'ensemble de valeurs de capteur étant
représentatif des un ou plusieurs parame-
tres physiologiques mesurés a distance ;
attribuer (155) une valeur de qualité a I'en-
semble de valeurs de capteur regu de l'au
moins un des capteurs physiologiques sans
contact a distance ;

conserver (160) 'ensemble de valeurs de
capteur si la valeur de qualité attribuée de
I'ensemble de valeurs de capteur atteint ou
dépasse un seuil de valeur de qualité
minimum ;

mettre a jour (165) I'au moins un indicateur
si la valeur de qualité attribuée de I'ensem-
ble de valeurs de capteur atteintou dépasse
le seuil de valeur de qualité minimum ; et
caractérisé en ce que le processeur esten
outre programmé pour :

interroger a nouveau au moins l'un des cap-
teurs physiologiques sans contact a distan-
ce pour acquérir un ensemble mis a jour de
valeurs de capteur représentatif des un ou
plusieurs paramétres physiologiques me-
surés de I'individu si la valeur de qualité at-
tribuée de I'ensemble de valeurs de capteur
n’atteint pas ou ne dépasse pas le seuil de
valeur de qualité minimum.

2. Systeme selon la revendication 1, dans lequel le dis-

positif de calcul comprenant le processeur est pro-
grammeé pour générer 'au moins un indicateur indi-
quant la nécessité de mesurer les un ou plusieurs
paramétres physiologiques de l'individu sur la base
d’un ou de plusieurs criteres de mesure de besoin,
par exemple, ou :

les un ou plusieurs critéres de mesure de besoin
comprennent un nombre de valeurs de capteur
requises au fil du temps pour un diagnostic fiable
et/ou un nombre de valeurs de capteur ayant
des valeurs de qualité attribuées qui satisfont
au seuil de valeur de qualité minimum ; et/ou
les un ou plusieurs critéres de mesure de besoin
comprennent un moment de la journée et/ou un
état de santé de I'individu ; et/ou

les un ou plusieurs critéres de mesure de besoin
font partie d’'un programme de surveillance.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les capteurs physiologi-
ques sans contact a distance comprennent au moins
I'un des éléments suivants :
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au moins I'un d’'un ou de plusieurs capteurs ra-
dar a micro-impulsions, d’'un ou de plusieurs dis-
positifs de capture d'images, d’un ou de plu-
sieurs capteurs thermiques, d’'un ou de plu-
sieurs lasers, et d’un ou de plusieurs capteurs
audio ;

un ou plusieurs capteurs radar a bande ultra-
large.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de calcul est
programmeé pour interroger au moins l'un des élé-
ments suivants :

I'au moins un des capteurs physiologiques sans
contact a distance d’'une maniére dépendante
du temps et/ou d’'une maniére dépendante du
type de capteur ;

I'au moins un des capteurs physiologiques sans
contact a distance sur la base d’'un nombre de
requétes précédentes al’au moins undes unou
plusieurs capteurs physiologiques ;

I'au moins un des capteurs physiologiques sans
contact a distance sur la base de la valeur de
qualité attribuée d’'un ensemble de valeurs de
capteur regues précédemment ;

I'au moins un des capteurs physiologiques sans
contact a distance sur la base de I'état de santé
de l'individu et/ou de l'identité de I'individu.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel les un ou plusieurs para-
meétres physiologiques de 'individu comprennent un
ou plusieurs paramétres physiologiques du diagnos-
tic individuel d’insuffisance cardiaque.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le dispositif de calcul est
programmeé pour exécuter au moins l'une des ac-
tions suivantes :

attribuer la valeur de qualité a 'ensemble de va-
leurs de capteur physiologiques en comparant
'ensemble de valeurs de capteur physiologi-
ques avec un ensemble de valeurs standards ;
rapporter I'ensemble de valeurs de capteur a un
utilisateur.

Systeme selon I'une quelconque des revendications
précédentes, comprenant en outre un ou plusieurs
capteurs d’état, le dispositif de calcul étant connecté
de maniére opérationnelle aux un ou plusieurs cap-
teurs d’état et au réseau de capteurs physiologiques
sans contact a distance, le processeur du dispositif
de calcul étant programmeé pour :

interroger au moins I'undes un ou plusieurs cap-
teurs d’état pour lancer une mesure d’un ou de
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plusieurs états d’un individu par rapport au ré-
seau de capteurs physiologiques sans contact
a distance ;

recevoir un ensemble de valeurs de capteur
d’état depuis I'au moins un des un ou plusieurs
capteurs d’état, 'ensemble de valeurs de cap-
teur d’état étant représentatif des un ou plu-
sieurs états de l'individu par rapport au réseau
de capteurs physiologiques sans contact a
distance ;

attribuer une valeur prédictive a 'ensemble de
valeurs de capteur d’état ;

ou I'étape d’interrogation de I'au moins un cap-
teur du réseau de capteurs physiologiques sans
contact a distance pour mesurer les un ou plu-
sieurs parametres physiologiques de I'individu
est exécutée si la valeur prédictive attribuée de
I’ensemble de valeurs de capteur d’état atteint
ou dépasse un seuil de valeur prédictive
minimum ; et

interroger a nouveau au moins l'un des un ou
plusieurs capteurs d’état si la valeur prédictive
attribuée de I'ensemble de valeurs de capteur
d’état n’atteint pas ou ne dépasse pas le seuil
de valeur prédictive minimum.

Systéme selon la revendication 7, dans lequel les
un ou plusieurs capteurs d’état comprennent un ou
plusieurs capteurs biométriques.

Systéme selon la revendication 7 ou la revendication
8, dans lequel les un ou plusieurs états de I'individu
par rapport au réseau de capteurs physiologiques
sans contact a distance comprennent au moins I'un
des éléments suivants : la proximité, la visibilité, le
mouvement, la position et la biométrie de I'individu
par rapport au réseau de capteurs physiologiques
sans contact.

Systéme selon I'une quelconque des revendications
7 a9, dans lequel le dispositif de calcul est program-
mé pour exécuter au moins l'une des actions
suivantes :

interroger 'au moins un capteur des un ou plu-
sieurs capteurs d’état pour lancer une mesure
d’un ou de plusieurs des éléments suivants : la
proximité, la visibilité, la ligne de visée, le mou-
vement, I'accélération, la biométrie etla position
del'individu par rapport aux un ou plusieurs cap-
teurs physiologiques ;

interroger 'au moins un capteur des un ou plu-
sieurs capteurs d’état en réponse a un événe-
ment déclencheur, par exemple ou I'événement
déclencheur comprend une entrée provenant
d’un détecteur de mouvement et/ou d’'un dispo-
sitif de chronométrage et/ou d’un capteur de
proximité ;
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attribuer une valeur prédictive a 'ensemble de
valeurs de capteur d'état sur la base d’une com-
paraison de I'ensemble de valeurs des capteurs
d’étatavec un ensemble stocké de valeurs d’état
optimales.

Systeme selon I'une quelconque des revendications
7 a 10, dans lequel le seuil de valeur prédictive mi-
nimum est une valeur prédictive attribuée pour un
ensemble de valeurs de capteur d’état qui est suffi-
sante pour prédire que 'individu est dans un ou plu-
sieurs états par rapport a au moins un des capteurs
physiologiques sans contact a distance pour acqué-
rir un ensemble utilisable de valeurs de capteur phy-
siologiques en provenance de 'au moins un des cap-
teurs physiologiques sans contact a distance.

Systeme selon I'une quelconque des revendications
7 a 11, dans lequel le dispositif de calcul est pro-
grammé pour interroger I'au moins un capteur des
capteurs physiologiques sans contact a distance
pour mesurer les un ou plusieurs paramétres phy-
siologiques de I'individu si la valeur prédictive attri-
buée de 'ensemble de valeurs de capteur d’état at-
teint ou dépasse un seuil de valeur prédictive mini-
mum et si au moins un indicateur indiquant la né-
cessité de mesurer les un ou plusieurs parameétres
physiologiques de 'individu est actif sur la base d’un
ou de plusieurs critéres de mesure de besoin, par
exemple ou les un ou plusieurs critéres de mesure
de besoin comprennent un ou plusieurs des élé-
ments suivants : un moment de la journée, un inter-
valle de temps depuis une mesure précédente, un
nombre de requétes nécessaires au fil du temps pour
un diagnostic fiable, un programme de surveillance
et un état de santé de l'individu.

Procédeé pour controler I'acquisition d’informations a
partir d’'un réseau de capteurs sans contact a dis-
tance, comprenant au moins un microphone et au
moins un dispositif de capture d'images, comprenant
les étapes suivantes :

générer au moins un indicateur indiquant la né-
cessité de mesurer un ou plusieurs parameétres
physiologiques d’un individu sur la base d’'un ou
de plusieurs critéres de mesure de besoin ;
interroger au moins I'un des capteurs physiolo-
giques sans contact a distance en réponse a
'au moins un indicateur ;

recevoir unensemble de valeurs de capteur pro-
venant de I'au moins un des capteurs physiolo-
giques sans contact a distance, 'ensemble de
valeurs de capteur étant représentatif des un ou
plusieurs parametres physiologiques mesurés
de l'individu ;

attribuer une valeur de qualité a 'ensemble de
valeurs de capteur regues de I'au moins un des
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capteurs physiologiques sans contact a
distance ;

conserver 'ensemble de valeurs de capteurs si
la valeur de qualité attribuée de I'ensemble de
valeurs de capteur atteint ou dépasse un seuil
de valeur de qualité minimum ;

mettre a jour 'au moins un indicateur si la valeur
de qualité attribuée de I'ensemble de valeurs de
capteur atteint ou dépasse le seuil de valeur de
qualité minimum ; et

caractérisé en ce que le procédé comprend en
outre I'étape suivante :

interroger a nouveau au moins un des capteurs
physiologiques sans contact a distance pour ac-
quérirun ensemble mis a jour de valeurs de cap-
teur représentatif des un ou plusieurs parame-
tres physiologiques mesurés de I'individu si la
valeur de qualité attribuée de 'ensemble de va-
leurs de capteur n’atteint pas ou ne dépasse pas
le seuil de valeur de qualité minimum.

14. Produitprogramme informatique comprenantune ou

plusieurs instructions pour amener le processeur du
systeme de I'une quelconque des revendications 1
a 12 a exécuter le procédé de la revendication 13.
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FIG. 1
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145

Query at least one of the one or more physiclogical sensors {o measure one or more
physiclogical parameters of an individual in response to at least one flag indicating a need to
measure the one or more physiological parameters

150

Receive a set of sensor values from the al least one of the one or more physiclogical sensors,
the set of sensor values representative of the measured one or more physiclogical
parameters

155
Assign a quality value to the set of sensor values received from the at least one of the one or
more physiological sensors

160
Retain the set of sensor values if the assigned guality value of the set of sensor values meels
or exceeds a minimum quality vaiue threshold

165
Update the at least one flag if the assigned guality value of the set of sensor values meets or
exceeds the minimum quality value threshoid
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FiG. 2
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FIG. 3
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more physiclogical parameters
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Lgf a previously received set of sensor values
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FIG. 4
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FIG. 5
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FiG. 6
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One or more instructions for generating at least one flag indicating a need 1o measure one or more
physiological parameters of an individual based on ong or more neaed-measurement criteria

840
One or more instructions for querying one or more physiclogical sensors in response (0 the at least
one flag

650

One or more instructions for receiving @ set of sensor values from the one or more physiclogical
sensors, the set of sensor values represeniative of one or more measured physiological parameters of
the individual

860
One or more instructions for assigning a guality value 1o the set of sensor values received from the one
or more physiclogical sensors

B87¢
One or more instructions for retaining the set of sensor values if the assigned quality value of the set of
sensor values meets or excesds a minimum guality value threshoid

680
One or more instructions for updating the at least one flag if the assigned guality vailue of the set of
sensor values meels or exceeds the minimum quality value threshold

830

One or more instructions for re-querying the one or more physiclogical sensors 10 acquire an updated
set of sensor values representative of the one or more measured physiological parameiers of the
individual if the assigned gualily value of the set of sensor values falls 1o meet or exceed the minimum
quality value threshold
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FIG. 7
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Generating at least one fiag indicating a need {0 measure one or more physiclogical parameters of
an individual based on one or more nesd-measurement criteria

710
Querying one or more physiclogical sensors in response {0 the at least one flag

720
Receiving a set of sensor values from the one or more physiological sensors, the set of sensor
values representative of one or more physiological parameters of the individual

730
Assigning a gqualily value 1o the set of sensor values received from the one or more physiological
SeNsors

740
Retaining the sel of sensor values if the assigned quality value of the set of sensor values meets or
excesds a minimum quality value threshold

750
Updating the at lsast one flag if the assigned quality value of the set of sensor values meels or
exceeds the minimum qualily value threshold
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FIG. 8
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values representative of one or more physiological parameters of an individual
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Assigning a quality value 1o the set of sensor values received from the one or more physiclogical
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740
Retaining the set of sensor values if the assigned quality value of the set of sensor values meets or
exceeds a minimum guality value threshold

750
Updating the at least one flag if the assigned quality value of the set of sensor values meets or
exceeds the minimum quality value threshold
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FIG. 10
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FIG. 13
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Query at least one of the one or more physiclogical sensors to measure one or more physislogical
parameters of the ndividual if the assigned predictive value of the set of condition sensor values
meetls or exceeds a minimum predictive value threshold

1380
Re-guery at least one of the one or more condition sensors if the assigned predictive value of the set
of condition sensors values fails io meet or excead the minimumn predictive value threshold
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FIG. 14
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!i_ndividuai relative to the one or more physiclogical sensors |
[1210 L
|Qu3ryt_h6ﬁt ieast one of the one or more condition sensors in response 1o @ triggering event |
||'1420 [1430 T 1440 )

|mput from a motion detector |Enput from a timing device | |input from a proximity sensor | |

________ i

|Query the at least one of the one or more condition sensors {o initiate measurement of the one or |
more conditions of the individual relative 1o the one or more physiclogical sensors in response to
|a flag indicating a need 1o measure the one or more physiclogical parameters of the individual |
|based on one or more need-measurement criteria
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FIG. 18
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of condition sensor values representative of the one or more conditions of the individual relative to the
one or more physiological sensors

Receive the sef of condition sensor values from the at least one of the one or more condition sensors |
Lthrcugh at least one wired transmission

Receive the set of condition sensor values from the al least one of the one or more condition sensors |
L’chmugh at least one wirgless transmission

1330
Assign a predictive value 1o the set of condition sensor values

|As&agn a predictive value 0 the set of condition sensor values based on whether the one or more |
Iooradiiions of the individual relative to the one or more physiological sensors predicts acquisition of |
useabia set of physinlogical sensor values from the one or more physidlogical sensors |

|Assign a predictive value o the set of condition sensor values based on comparison of the set of |
lconditicn sensor values with a stored set of optimal condition values
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FIG. 16

1200
N 1210 1240

-

N=F

1310 1320 1330

1340
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exceeds a minimum predictive value threshold

Minimum predictive value threshold is an assigned predictive vaiue for a set of condition sensor values |
that is sufficient to predict that the individual is in one or more conditions relative o at least one of the one
|0r more physiological sensors 10 acquire a useable set of sensor values from the al least one of the one

lor more physiological sensors |
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Minimum predictive value | |M;mmum predictive value threshold includes a given multiple ofa |
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630 1

|Query the at least one of the one or more physiological sensors 10 measure the one or more |
physiclogical parameters of the individual if the assigned predictive value of the set of condition sensor
|va!ues meets or exceeds a minimum prediclive value threshold and at least one flag indicating a need {o
[measure the one or more physiological parameters of the individual is active based on one or more need- |
|measure‘mem criteria

| leso 11650 111660 |
| | The one or more need- | | The one or more need- | |The one or more need- |
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hea!th status of the individual G H updateable momtarmg schedule ]

58



EP 2 934 301 B1
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Receive a set of physiclogical sensor vaiues from at least one of the one or more physiological sensors, the |
Iset of physiological sensor values representative of the measured one or more physiclogical parameters of |
the individual

[1740 114750 |
| |Receive the set of physiological sensor values | [Receive the set of physiological sensor values | |
| Lthrough ong or more wired transmissions | Lthrough one of more wireless ransmissions =

|A$$ign a quality value 10 the set of physiological sensor values received from the at least oneg of the one or
Imore physiological sensors

|Assigﬂ the quality value to the set of physiological sensor values by comparing the set of physiological
sensor values with a set of standard values

I
| [sensor values with a set fotandard valves |
| [1770 [1775 [1780 |
| | A setof standard values | |A set of standard values representing IThe set of standard values is |

| Iwith defined signal-to- | Ia relevant range of values for a | |specific for a physiological | |
I noise ratio specific physiclogical parameier | sensor type |
|.| - | I e e - - J I
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l1720 I

|Retain the set of physiological sensor values if the assigned quality value of the set of physiclogical sensor |
lvaiu@s meets or exceeds a minimum quality value threshold

- .
| Retain the set of physiclogical sensor values in one or more data storage devices operably connected {o | |

|Update at least one flag indicating a need o measure one or more physiological parameters of the individual h‘l
|the assigned guality value of the set of physiological sensor values meets or exceeds the minimum quality
value threshold
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FiG. 18

Cluery at least one of one or more
condition sensors in response 0 & flag
indicating a need to measure one or
more physiological parameters of an
individual 1o iniliate measurement of one
or more conditions of the individual
relative (0 one or more physinlogical
SEnsors

1805

Receive a sef of condition sensor values
from the al least one of the one or mors
condition sensors

1810

/'i 820

1815

N

Assign a predictive value to the set of
condition sensor values

Minimum predictive
value threshold not

met or excesded

1825\ vaiue threshold met or
exceaded

Minimum predictive

Query at least one of the one or more
physiciogical sensors o measure one or
more physiological parameters of the
individual

1830

Recsive a set of physiclogical sensor
values from the al least one of the one or
more physiological sensors

1835

N

1 845\

Minimum quality

value threshold

not met or

Assign a quality value {o the set of
physiological sensor values

1840

exceeded

185L threshold met or
exceeded

I
Minimum gquality value

1855

Retain the set of physiological sensor
values

Update the at least one fiay

1860

\

1865

Report a set of sensor values {0 a user

\

60



EP 2 934 301 B1

FlG. 19

1900

Receiving a set of condition sensor values for an individual from at least one of one or more
condition sensors in response 1o one or more queries, the sst of condition sensor values
representative of one or more conditions of the individual relative 10 one or more physiological
SENSOrs

1810
Assigning a predictive value to the set of condition sensor values

1920

Giuerying al least one of the one or more physiological sensors io measure one or More
physiological parameters of the individual if the assigned predictive value of the setl of condition
sensor values meels or exceeds a minimum predictive value threshold

1930
Re-guerying at least one of the one or more condition sensors if the assigned predictive value of
the set of condition sensor values fails 1o meet or exceed the minimum predictive vaiue threshold
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| Querying the at least one of the one or more condition sensors 10 measure one or more conditions of the |

| individual relative to the one or more physiclogical sensors |
___—Il—______________—__ ______ |

[2010 2020 |
| Querying the at | | Querying the at least one of the one or more condition sensors in response to at least one | |
| least one of the | | flag indicating a need to measure one or more physiological parameters of the individuat

ONE OF MOoFe ||?QBH_______—______________”

| | condition | The at least one flag indicating the need to measure the one or more physiclogical | | |

| sensors in parameters of the individual is generated based on one or more need-measurement |
responsetoa | || criteria
et _ _ _ _ _ _ _ _ _ 4

| tggering oven | -

| | Querying at least one of one or more maotion sensors, one or more light sensors, one or more proximity | |
I SENSsOrs, or one of more biometric sensors | |

1900
Receiving a set of condition sensor values for an individual from at least one of one or more congdition sensors in
response 1o one or more queries, the set of condition sensor values representative of one or more conditions of

| 2050 ]
| Recsiving the set of condition sensor values for the individual from at least one of one or more motion sensors |
e e e e e e e e e — — o — — — — — — —— — — — — — — — — — — — )
- - - - - === 3

2055 |

| Receiving the set of condition sensor values for the individual from at least one of one or more proximity |
SENS0rs |

| Receiving the set of condition sensor values for the individual from at least one of one or more biometric |
SENSOIS |

| 2075 K
| Receiving the set of condition sensor values for the individual through one or more wireless transmissions I
—_— e e e e e == = = .
1910
I
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FIG. 21

1800

Receiving a set of condition sensor values for an individual from at least one of one or more condition
sensors in response 10 one or more queries, the set of condition sensor values representative of one
or more conditions of the individual relative 10 one or more physiclogical sensors

18916
Assigning a predictive vaiue 1o the set of condition sensor values

| Assigning a predictive value based on comparing the set of condition sensor values with a stored
| set of oplimal condition values

(2110 [2120 12130 _}
| Wherein the stored set of | Wherein the stored set of | | Wherein the stored set of optimal
| | optimal condition values is | | optimal condition values is | | condition values is specific for a |
| Lsiored in & computing device | Lpart of a lookup table | Lcondition sSensor type |
L - - - - - - - - - - T T - - - - - - - —
I
1920

Querying atl least one of the one or more physiclogical sensors 0 measure one or more physiological
parameters of the individual if the assigned prediclive value of the set of condition sensor values
meels or excesds 2 minimum predictive valug threshold

| 2150 | 2155 | 2160

| Querying at least one of one or | | Querying at least one of one or | | Querying at least one of one or

| more non-contact | | more micre-impuise radar- | | more ultra-wideband radar- |

bhysiological sensors | basedsensors _ _ _ _ | basedsensors _ _ _ _ |
________ St gt L gl - = — —

[2165 |r2170 112175

| more of an audio sensor and/ | | of one or more | | more physiological sensors through one

or an image caplure device thermal sensors or more wireless transmissions

I
| Querying at least one of one or | | Querying at least one | | Querying the at least one of the one or |
LOr 2n image capiure device _ | thermal sensors | (O IOre wireless transmissions |

__________________________ 3
| 2185 IT2180
| Querying the at least one of the one or more physiological || Querying the at least one of the one or |
sensors o measure one or more physiological | | more physiological sensors through |
|_parame‘ters of the individual diagnostic for heart failure _, one or more wired ransmissions |
1
1830

Re-querying al least one of the one or more condition sensors if the assigned predictive value of the
set of condition sensor values fails 1o meet or exceed the minimum predictive value threshold

| Re-guerying the at least one of the one or more condition sensors until the assigned predictive |
| value of the set of condition sensor values meels or excesds the minimum predictive value |

Jheeshold - _ _ _ N
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FIG. 22

| Receiving a set of physiological sensor values from at least one of the one or more physiological sensors, the
set of physiological sensor values representative of the measured one or more physiologicat parameters

____________________________ -
||2240 2245
| Receiving the set of physiclogical sensor values || Receiving the set of physiological sensor values l
Lthrough one or more wireless transmissions _ _ | through one or more wired transmissions _ _ _ |
| T2250 [2255 | [2260

| | Receiving the set of physiological | | Receiving the set of physiological | | Receiving the set of physiological |
| sensor values from at least one |sensor valugs from at least one |sensor valugs from at least one |

of one or more non~contact of one or more audio sensors | ' of one or more micro-impulse |
| | physiciogical sensors | | andrar image capture devices | | radar-based sensors |
| - - - - - - - - - -
(2265 1
| | Receiving the set of physiolegical sensor values from at least one of one or more ultra-wideband radar- | |
lbased SENsors | |
r_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—| |
2270 |
| Receiving the set of physiological sensor values from at least one of one or more thermal sensors | |
- |
- - - - - -"-"-" - - -—=—=—-=— rr - - - - - - - - —_ = 1
[2210

[2220 1
| Retaining the set of physioingical sensor values if the assigned quality value of the set of physiclogical |
| sensor values falls meets or exceeds a minimum quaiity value threshold |
- - - - - - - - - - - - - - ===
| 2230 |
| Updating at least one flag indicating a need to measure the one or more physiological parameters of the |
| individual if the assigned quality value of the set of physiciogical sensor values meets or exceeds the
Lminimum guatity value threshold |
______________ —_
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FIG. 23

2200 |
| Receiving a set of physiological sensor values from at least one of the one or more physiological sensors, the
| set of physiological sensor values representative of the measured one or more physiclogical parameters

| Assigning a guality value to the set of physiological sensor values received from the at least one of the one or
| more physiclogical sensors

J

| | Assigning the quality value to the set of physiological sensor values by comparing the set of physiological |
| sensor values with a set of standard values |

| | | Wherein the set of standard values | | Wherein the set of standard values includes a set of |
includes a set of standard values with standard values representing a relevant range of values |

| I_deﬁned signal-to-noise ratio Jl :-for a specific physiological pararmeter |
[ __________________________

| Retaining the set of physiologicatl sensor values if the assigned qualily value of the set of physiological
| sensor values meets or exceeds a minimum quality vaiue threshold

| | Retaining the set of sensor values in one or more data storage device |
| b e e e e e e e e e e e M

- - L . . . . . . . . L L o - L L —_—_—_—_— =
| 2230

|
| Updating at least one flag indicating a need to measure the one or more physiological parameters of the |
individual if the assigned quality value of the set of physiological sensor valuss mests or exceeds the |

minimum quality vaiue threshold

|
| L ___ _

______________ T - - — - ———-————————
[2340 !
| Reporting the set of physiclogical sensor values to a user |
— o o J
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FIG. 24 2400

/ 2420
2425

One or more instructions for generating at least one flag indicating a need {0 measure one or more
physiological parameters of an individual based on one or more need-measurement criteria

2430

One or more instructions for guerying at least one of one or more condition sensors {0 measure one or
more conditions of an individual relative to one or more physiologicat sensors in response 1o the at least
one flag

2435

One or more instructions for receiving a set of condition sensor values from the at least one of the one or
more condition sensors, the set of condition sensors values representative of the one or more conditions
of the individual relative 10 the one or more physiological sensors

2440
One or more instructions for assigning a prediciive value 1o the set of condilion sensor values

2445

One or more instructions for re-guerying at least one of the one or more condilion sensors if the assigned
predictive value of the set of condition sensor values fails 1o meet or exceed a minimum prediclive value
threshold

2450

One or more instructions for querying at least one of the one or more physiological sensor {0 measure
one or more physiological parameters of the individual if the assigned predictive value of the set of
condition sensor values meeis or exceeds the minimum predictive value threshold

2455

One or more instructions for receiving a set of physiological sensor values from the at least one of the one
or more physiclogical sensors, the set of physiclogical sensor values representative of the measured one
or more physiological paramelers

2460
One or more instructions for assigning a gualily value to the set of physiclogical sensor values received
from the at ieast ons of the one or more physiological sensors

2465
One or more instructions for retaining the set of physiological sensor values if the assigned quality value
of the set of physiclogical sensor values meets or exceeds a minimum quatlity value threshold

2470

One or more instructions for updating the at least one fiag indicating the need to measure the oneg or more
physiclogical parameters of the individual if the assigned guality value of the set of physiological sensor
values meets or exceeds the minimum quality value threshold

2475
One or more instructions for reporting the set of physiciogical sensor values to a user
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