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PHYSICAL PARAMETER MEASURING

BACKGROUND

[0001] The use of wearable body sensors that monitor
physiological parameters, such as vital signs, is becoming
very common. For example, wearable body sensors may be
used to monitor heart rate, temperature, respiratory rate,
blood oxygen concentration and/or any of a large number of
other parameters. Oftentimes, especially in a healthcare
setting, it may be advantageous to have sensors that are
small in size but also allow for a relatively long run time.
The small size typically enhances comfort and ease of
application of the sensors to the patient’s skin or clothing,
and the long run time allows for continuous monitoring over
a period of many hours or even days, for example the length
of a patient’s hospital stay in some cases.

[0002] The challenge with providing a sensor that is both
small and also allows for a long run time is that these two
characteristics typically conflict with one another. In other
words, sensors that have long run times may have to be
larger. for example to allow for sufficient processing power
on the sensor. Due to this conflict, wearable sensors are often
designed to monitor only one physiological parameter. This
allows them to be small and have a long run time.

SUMMARY

[0003] In general terms, this disclosure is directed to a
system and method for monitoring physical assessment
parameters (or “physiological parameters,” which terms are
used synonymously herein), using one or more wearable
sensors and a processor located separate from (or “off of”)
the sensors. In one possible configuration and by non-
limiting example, the system includes a patch sensor and a
processor. The patch sensor is configured to attach to a
person’s body or clothing and to wirelessly transmit sensed
data to the processor, which may be located, for example, on
a server or in the cloud. The processor is configured to
process the data it receives from the sensor and, in some
embodiments, to provide instructions to the sensor. Various
aspects are described in this disclosure, which include, but
are not limited to, the following aspects.

[0004] In one aspect of the disclosure, a system for detect-
ing one or more physical assessment parameters of a subject
may include a sensing patch and a processor. The sensing
patch is configured to sense signals from the subject corre-
sponding to the one or more physical assessment param-
eters, reduce sensed parameter data corresponding to the
sensed signals, and transmit the sensed parameter data. Also,
the sensing patch includes at least one adjustable sensing
patch parameter. The processor is separate from the sensing
patch and is configured to receive the sensed parameter data
from the sensing patch and transmit a command to the
sensing patch. The sensing patch is configured to perform
different amounts of data reduction on the sensed parameter
data before transmitting the sensed parameter data to the
processor. The different amounts of data reduction are
determined at least in part by one or more system parameters
corresponding to a function of the system. The sensing patch
and/or the processor are configured to determine the differ-
ent amounts of data reduction, based at least in part on the
at least one system parameter.

[0005] Examples of the adjustable sensing patch param-
eter include, but are not limited to, a data reduction rate, a

Jan. 17,2019

rate at which the sensing patch senses signals from the
subject, a monitored vital sign, a data uplink interval and a
vital signs interval. In some embodiments, the different
amounts of data reduction are further determined, at least in
part, by a state of the subject. For example, the state of the
subject may be defined at least in part by one or more
criteria, such as but not limited to an acuity of the subject,
an age of the subject and an input from a healthcare worker
that describes the state of the subject. Examples of system
parameters include, but are not limited to, a battery level of
the sensing patch, an energy cost of transmitting sensed
parameter data from the sensing patch to the processor, a
noise level, a link rate for linking the sensing patch with the
processor and a link reliability for linking the sensing patch
with the processor.

[0006] In some embodiments, the system also includes a
bridge configured to receive the data from the sensing patch
and transmit the data to the processor. In some embodi-
ments, the command transmitted from the processor to the
sensing patch includes an amount of data reduction to be
performed by the sensing patch, and the sensing patch is
configured to receive and react to the command. Examples
of physical assessment parameters include, but are not
limited to, a heart rate, a respiratory rate, a blood pressure,
a temperature, a blood oxygen content, blood chemistry,
pupil activity, galvanic skin response, weight, oxygen satu-
ration, photoplethsymograph activity, an electrocardiogram
signal, an electroencephalogram signal, and a movement of
the subject.

[0007] In another aspect of the present disclosure, a
method for detecting a physical assessment parameter of a
subject first involves determining a first physiological
assessment parameter to sense with a sensor attached to the
subject, determining when to sense the first physiological
assessment parameter with the sensor, and sensing the first
physiological assessment parameter with the sensor to pro-
vide first sensed parameter data. The method then involves
transmitting the first sensed parameter data from the sensor
to a processor, determining with the processor that addi-
tional processing of the first sensed parameter data is
needed, and processing the first sensed parameter data with
the processor. Finally, the method involves providing the
processed first sensed parameter data to a user.

[0008] In some embodiments, the method may further
involve repeating the steps for a second physiological
assessment parameter. In some embodiments, the same
sensor is used for both parameters, while in other embodi-
ments a second sensor may be used for the second param-
eter. In some embodiments, the method further involves
transmitting a command from the processor to the sensing
patch, receiving the command at the sensing patch and
adjusting a setting of the sensing patch in response to the
command. For example, the setting may be a rate of data
acquisition by the sensing patch, a rate of data transmission
from the sensing patch to the processor or the like. In some
embodiments, the method may also include determining,
with the processor, that the command will be transmitted,
based at least in part on an input selected from the group
consisting of an acuity of the subject, an age of the subject,
an instruction from a healthcare worker, a battery level of the
sensing patch, an energy cost of transmitting data from the
sensing patch to the processor, a noise level, a link rate for
linking the sensing patch with the processor and a link
reliability for linking the sensing patch with the processor.
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[0009] In some embodiments, the first sensed parameter
data is transmitted to the processor via a bridge computer
device wirelessly coupled with the sensing patch via a short
range radio interface and with the processor via a network
interface. Optionally, the method may also include perform-
ing initial processing of the first sensed parameter data with
the sensing patch before transmitting the first sensed param-
eter data to the processor. In some embodiments, performing
initial processing of the first sensed parameter data may
involve reducing the first sensed parameter data. In various
embodiments, providing the first processed data to the user
involves transmitting the first processed data through a
network to an electronic health record, a smart phone, a
computer tablet device, a laptop computer, a desktop com-
puter and/or a ward dashboard in a healthcare facility.
[0010] In yet another aspect, a system for analyzing
patient vital signs includes a database, a server, a set of
clinically validated algorithms, and at least one patient-worn
physiological measurement device. The database includes
physical assessment parameter data and clinical results for
patients. The server is configured to analyze the physical
assessment parameter data and clinical results to determine,
based on the clinically validated algorithms, commands for
the patient-worn physiological measurements device.
[0011] In some embodiments, the data analysis by the
server further provides guidance to the clinician for patient
care. For example, the guidance may be based on statisti-
cally likely outcomes based on comparison of the state of the
current patient with the outcomes or diagnoses of prior
patients with similar states. Optionally, the system may also
include test algorithms, which include updates based on
additional physical assessment parameter data and clinical
outcomes compared with the clinically validated algorithms.
In some embodiments, the data analysis by the server
includes performance testing of the test algorithms engine
and the clinically validated algorithms using patient data and
clinical results acquired after the test rule the test algorithms
were created. In some embodiments, the test algorithms
replace the clinically validated algorithms when the statis-
tical match of the guidance from the test algorithms with
actual outcomes is superior to the statistical match of the
guidance from the clinically validated algorithms.

[0012] These and other aspects and embodiments are
described in further detail below, in relation to the attached
drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 schematically illustrates an example system
for wirelessly sensing one or more physical assessment
parameters of a subject.

[0014] FIG. 2 is a more detailed schematic illustration of
the system of FIG. 1 for wirelessly sensing one or more
physical assessment parameters of a subject.

[0015] FIG. 3 schematically illustrates a portion of an
example method for wirelessly sensing one or more physical
assessment parameters of a subject.

[0016] FIG. 4 schematically illustrates another portion of
the example method of FIG. 3 for wirelessly sensing one or
more physical assessment parameters of a subject.

[0017] FIG. 5 schematically illustrates an example sensing
device for sensing and transmitting physical assessment
parameters.

[0018] FIG. 6 schematically illustrates an example control
unit of the sensing device of FIG. 5.
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[0019] FIG. 7 is a schematic perspective view of the
sensing device of FIG. 5.

[0020] FIG. 8 schematically illustrates example compo-
nents and layers of the sensing device of FIG. 7.

[0021] FIG. 9 is a schematic cross-sectional view of the
sensing device of FIG. 7.

[0022] FIG. 10 schematically illustrates an example
antenna arrangement within an antenna enclosure of the
sensing device.

[0023] FIG. 11 schematically illustrates another example
antenna arrangement within the antenna enclosure of the
sensing device.

[0024] FIG. 12 illustrates an exemplary architecture of a
reading device of the system of FIG. 1.

DETAILED DESCRIPTION

[0025] Various embodiments will be described in detail
with reference to the drawings, wherein like reference
numerals represent like parts and assemblies throughout the
several views.

[0026] In general, a physical assessment parameter sens-
ing system in accordance with an exemplary embodiment of
the present disclosure includes a sensing patch and a pro-
cessor located separate and apart from the sensing patch.
The sensing patch may include a first layer with an adhesive,
a circuit fixed relative to the first layer and including a sensor
unit for detecting one or more physical assessment param-
eters of the subject, a sensor processor, and an antenna
electrically connected to the circuit and configured to
receive and transmit a radio frequency signal. The processor
is configured to communicate wirelessly with the sensing
patch and receive the physical assessment parameter(s) from
the sensing patch. The sensor processor may provide a
dynamic amount of data analysis and data reduction, based
on available system resources. System resources and system
state include aspects of the data acquisition, transmission,
and analysis systems, and they may include, for example, for
each component in the system: processing power, available
memory, battery life, on-time, duty cycle, sampling rates,
sensors, communication bandwidth, signal-to-noise ratio,
data error rate, time to next data reading, and/or time to next
data transmission. Data reduction is the process of analyzing
raw data to create a meaningful/actionable result. For
example, in RADAR, data reduction transforms received RF
signals into range, direction and velocity of the target
relative to the RADAR.

[0027] FIG. 1 schematically illustrates an example system
100 for wirelessly sensing one or more physical assessment
parameters of a subject S. The system 100 can include a
physical assessment parameter sensing device 102, a bridge
device 104, and a data management system 106. The physi-
cal assessment parameter sensing device 102 can commu-
nicate with the bridge device 104 via a wireless communi-
cation link 110. The bridge device 104 can communicate
with the data management system 106 via a data commu-
nication network 112. Dynamic, distributed processing
between the sensing device 102, the bridge device 104 and
the data management system 106 may be supported, and the
processing load of each device depends on system resources,
system state and patient state. Patient state may include, for
example, patient acuity, age, history, diagnosis, prescrip-
tions, recent medications, prior vital signs values, gender,
race, time since medical events such as surgery and intuba-



US 2019/0015048 A1

tion, time since last clinical interaction, and/or scaled patient
performance, such as pain level, AVPU, APGAR, and Glas-
£OW coma score.

[0028] The physical assessment parameter sensing device
102 is worn or carried by the subject S. In some examples,
the sensing device 102 includes a physical assessment
parameter sensing patch, as described below. In this docu-
ment, therefore, the sensing device 102 is also referred to as
a physical assessment parameter sensing patch 102.

[0029] In some examples, the sensing device 102 is
removably attached to a portion of the subject’s body or the
subject’s skin. The sensing device 102 can be worn on
different locations of the subject body, such as the forehead,
torso, neck, arm, leg, or other on-body locations, for differ-
ent measurements. In other examples, the sensing device
102 is ingested or implanted in the subject’s body. The
sensing device 102 can be attached to, or implanted in, the
subject S by a healthcare practitioner when the healthcare
practitioner sees the subject S. In other examples, the subject
S can wear or attach the sensing device 102 on his or her
own.

[0030] The sensing device 102 operates to detect one or
more physical assessment parameters of the subject S. (The
subject S may also be referred to herein as a “patient” or
“person.”) The sensing device 102 is configured to detect
one or more physical assessment parameters. In some
examples, the sensing device 102 includes one sensor unit
132 (FIG. 5) to measure the same type of physical assess-
ment parameters. In other examples, the sensing device 102
includes multiple sensor units 132 of different types, capable
of detecting different kinds of physical assessment param-
eters. The sensing patch 102 transmits signals to the bridge
device 104 via the wireless communication link 110.

[0031] Physical assessment parameters can include vital
signs, physiological measurements, and biological measure-
ments, which can be detected from various portions of the
subject’s body. For example, physical assessment param-
eters include measurements of the body’s basic functions,
which are useful in detecting or monitoring medical prob-
lems. Examples of physical assessment parameters include
body temperature, pulse rate (i.e., heart rate), respiratory rate
(i.e., breathing rate), blood pressure, electrocardiogram
(ECG) signals, electroencephalogram (EEG) signals, blood
oxygen content, blood chemistry, pupil diameter, scales such
as APGAR, AVPU, pain or the Glasgow coma score, and
many more. Body temperature can be taken in various
manners, such as orally, rectally, by ear, by skin (including
infrared imaging) detectors, or the like. In addition to heart
rate, or the number of times the heart beats per minute, the
sensing patch 102 may also sense a heart rhythm and/or
strength of the pulse and pulse characteristics, such as
“thready.” The pulse can be taken on different body parts
where the arteries are located, such as on the side of the
neck, on the side of the elbow, or at the wrist. The respiration
rate is the number of breaths a person takes per minute and
is used to note whether the person has any difficulty breath-
ing. Breathing issues such as rales, rhonchi, stridor, wheez-
ing or apnea may be detected. Blood pressure is the force of
the pushing against the artery walls. There may be other vital
signs, such as pain, cyanosis, capillary refill time, alertness,
Glasgow coma scale, pulse oximetry, blood glucose level,
end-tidal CO,, functional status, shortness of breath, and
gait speed.
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[0032] In some examples, the sensing patch 102 is con-
figured without an independent power source, such as a
battery, to supply power to the components of the sensing
patch 102. In this configuration, the sensing patch 102 can
be activated by the bridge device 104 when the bridge device
104 comes close to the sensing patch 102 within a prede-
termined activation or read range and power is supplied to
the sensing patch 102 from the bridge device 104. In other
examples, the sensing patch 102 includes its own power
supply. An example of the sensing device 102 is described
and illustrated in more detail with reference to FIGS. 5-11.
[0033] With continued reference to FIG. 1, the bridge
device 104 operates to communicate with the sensing device
102 attached to the subject S. The bridge device 104 can
receive signals from the sensing patch 102 via the wireless
communication link 110. In some examples, the bridge
device 104 is operable to present the data transmitted from
the sensing patch 102 thereon. For example, the bridge
device 104 may include a display screen and operate to
present the transmitted data on the screen in a visible format.
In some embodiments, the bridge device 104 can output the
data in an audible format, and/or provide an alert in visible
and/or audible manners. The bridge device 104 can also be
in communication with the data management system 106 via
the network 112. The data management system 106 may
provide analysis and reduction of the received data.

[0034] The bridge device 104 can be used by a guardian
and/or a healthcare practitioner to monitor the measurement
of the sensing device 102. The guardian is a person or a
group of people who is interested in the health conditions of
the subject S. Examples of the guardian include a parent of
the subject S, a family member of the subject S, a caregiver
of the subject S, a primary physician of the subject S, and
any other interested parties. The healthcare practitioner is a
person who provides healthcare service to the subject S.
Bxamples of healthcare practitioners P include primary care
providers (e.g., doctors, nurse practitioners, and physician
assistants), nursing care providers (e.g., nurses), specialty
care providers (e.g., professionals in various specialties),
and health professionals that provide preventive, curative,
promotional and rehabilitative health care services. The
healthcare practitioner can be an institution, company, busi-
ness, and/or entity. In other examples, the bridge device 104
can be operated by the subject S him or herself. The guardian
and/or healthcare practitioner may also monitor the mea-
surement of the sensing device 102 via a separate computing
device (not shown) that has a network 112 connection to data
management system 106.

[0035] The bridge device 104 can be of various types. In
some examples, the bridge device 104 is a computing device
dedicated for particular sensing devices 102. In other
examples, other consumer level computing devices can be
used for the bridge device 104. Such computing devices can
include a mobile computing device, such as a smartphone,
(e.g., an iPhone, an Android operating phone, a Blackberry,
a Window operating phone, etc.); a tablet computer (e.g., an
iPad), and a personal digital assistant (PDA). The bridge
device 104 can include a desktop computer, a laptop com-
puter, and/or any other suitable devices operable to send and
receive signals, store and retrieve data, and/or execute
modules.

[0036] The bridge device 104 generally supports both a
network interface and a short range communication inter-
face, for example an RF, acoustic (including subsonic and
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ultrasonic) or optical (including IR, UV, and visible) inter-
face. Smart phones may act as the bridge device 104, as may
any of a number of different types of radio chipsets that
support BT Classic. BT LE, cellular (including IoT) and
Wi-Fi. An example is the Newmar® Radio, available from
Welch Allyn Inc., Skaneateles Falls, N.Y. The patch 102 may
support IPV6 and provide an IP endpoint. In some embodi-
ments, the bridge device 104 may include a processor that
can support applications, including analysis and reduction of
sensor data. This data analysis may be performed fully on
the bridge device 104 or only in part (distributed process-
ing). For example, the bridge device 104 may compute one
key numeric value, such as heart rate, and use the heart rate
data to make decisions, such as whether or not to forward an
entire data packet to the data management system 106 or to
change the data sampling rate of the sensing patch 102.
Alternately, the bridge device 104 may simply forward the
data to the data management system 106 without performing
any processing or analysis of the data.

[0037] In some examples, the bridge device 104 is con-
figured as a portable reader. Such a portable bridge device
104 can be configured as an independent handheld device, or
as a device that is connected to a movable clinical data
station or equipment. As described herein, for home care, the
bridge device 104 can be various consumer mobile devices
as described above. In other examples, the bridge device 104
is mounted to a structure or device that the subject S
periodically or continuously uses. For example, the bridge
device 104 is mounted to the sides or side rails of a hospital
or homecare bed for a patient, such that the bridge device
104 remains within, or easily comes into, a read range of the
sensing patch 102 attached to the patient’s body. In yet other
examples, the bridge device 104 is incorporated into, or used
with, other monitoring systems, such as Connex® Vital
Signs Monitor (CVSM), available from Welch Allyn Inc.,
Skaneateles Falls, N.Y. An example of the bridge device 104
is described in more detail with reference to FIG. 12.

[0038] Referring still to FIG. 1, the data management
system 106 operates to manage the subject’s health condi-
tions and other information. The subject data management
system 106 can be operated by the healthcare practitioner
and/or a healthcare service provider, such as a hospital or
clinic. Some embodiments of the data management system
106 are configured to receive measurement data (and other
data associated with the subject S) from the bridge device
104, and analyze the data for various purposes. In some
embodiments, the data management system 106 operates to
provide information that can be used to assist the guardian
and/or the healthcare practitioner to provide suitable health-
care to the subject S. In some examples, the data manage-
ment system 106 includes a computing device as described
in FIG. 12. Examples of the data management system 106
include Connex® data management systems available from
Welch Allyn Inc., Skaneateles Falls, N.Y.

[0039] As illustrated in FIG. 1, the wireless communica-
tion link 110 is established between the sensing patch 102
and the bridge device 104. The data collected by the sensing
patch 102 are wirelessly transmitted to the bridge device 104
via the wireless communication link 110. The wireless
communication link 110 can be established as short range
wireless communication, such as radio frequency identifi-
cation (RFID) communication, near field communication
(NFC), Bluetooth communication, or Wi-Fi communication.
Low power wide area (LPWA) network solutions, such as a
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cellular ToT module, may also be used, for example the
Sierra Wireless LTE-M module and the Telit ME910 and
ME866. The functionality of the bridge device 104 may be
included in sensor 102.

[0040] In some examples, the bridge device 104 is con-
figured as an active RFID reader and capable of communi-
cating with the sensing patch 102, which correspondingly
includes a RFID device (e.g., a RFID tag). When the bridge
device 104 is brought close enough to the sensing patch 102
attached to the subject S, a short-range power and RF
communication is established between the sensing patch 102
and the bridge device 104 via electromagnetic fields so that
query, authorization/authentication, and/or data interchange
processes are performed between the sensing patch 102 and
the bridge device 104.

[0041] In other examples, the bridge device 104 includes
a NFC interface for establishing radio communication with
the sensing patch 102 by bringing the bridge device 104 into
proximity to the sensing patch 102 or touching the bridge
device 104 with the sensing patch 102. The NFC interface
can be configured in a way known in the art. The sensing
device 102 is correspondingly configured to communicate
with the NFC interface of the bridge device 104. As such, the
bridge device 104 operates as an NFC reader and the sensing
device 102 functions as an NFC tag. Because the patch 102
is on the subject S, capacitive communication may be used
to communicate data via the patient’s body. Similarly, near-
field magnetic induction and other short-range wireless
communication may be used.

[0042] In yet other examples, the bridge device 104
includes a Bluetooth communication interface to establish
Bluetooth wireless connection with the sensing device 102.
The Bluetooth communication interface can be configured in
a way known in the art. The sensing device 102 is also
configured to be capable of establish Bluetooth communi-
cation with the bridge device 104. As such, the sensing
device 102 and the bridge device 104 can be correspond-
ingly configured to transmit data via low-power radio
waves. NFC, capacitive, inductive and/or acoustic methods
may be used to transmit out-of-band (00B) information to a
receiver device, such as the bridge device 104.

[0043] In yet other examples, the bridge device 104
includes a Wi-Fi comniunication interface to establish Wi-Fi
connection with the sensing device 102. The Wi-Fi commu-
nication interface can be designed in a way known in the art.
The sensing device 102 is also configured to communicate
with the Wi-Fi communication interface of the bridge device
104. As such, the sensing device 102 and the bridge device
104 can be correspondingly configured to transmit data via
radio waves. By way of non-limiting example, standards-
based RF systems can be deployed in accordance with IEEE
802.11 (Wireless LAN), IEEE 802.15.4 (Low-Rate wireless
PAN, such as ZigBee, WirelessHART, MiWi, infrared data
communication, Z-Wave, ANT+, or other suitable proto-
cols), IEEE 802.22 (Wireless Regional Area Network), or
other standard. In some embodiments, Wi-Fi connection can
be alternatively established if other connections (e.g., RFID,
NFC, cellular and Bluetooth) are not established.

[0044] With continued reference to FIG. 1, the data com-
munication network 112 communicates digital data between
one or more computing devices, such as among the bridge
device 104 and the data management system 106. Examples
of the network 112 include a local area network and a wide
area network, such as the Internet. In some embodiments,
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the network 112 includes a wireless communication system,
awired communication system, or a combination of wireless
and wired communication systems. A wired communication
system can transmit data using electrical or optical signals in
various possible embodiments. Wireless communication
systems typically transmit signals via electromagnetic
waves, such as in the form of optical signals or radio
frequency (RF) signals. Capacitive and inductive coupling
are other forms of wireless communication. A wireless
communication system typically includes an optical or RF
transmitter for transmitting optical or RF signals, and an
optical or RF receiver for receiving optical or RF signals.
Examples of wireless communication systems include Wi-Fi
communication devices (such as using wireless routers or
wireless access points), cellular communication devices
(such as using one or more cellular base stations), and other
wireless communication devices.

[0045] As such, since the sensing device 102 and the
bridge device 104 communicate with each other via the
wireless communication link 110, the system 100 allows for
conveniently measuring physical assessment parameters
without requiring the patient’s involvement. For example,
when a patient is asleep, a user can simply bring the bridge
device 104 close to the sensing device 102 to activate the
sensing device 102 and/or receive the measurements from
the sensing device 102 without waking the patient.

[0046] In some embodiments, data reduction is performed
locally, on the sensing device 102. In other embodiments,
the sensing device 102 transmits raw data, and complex
processing (data reduction) is completed elsewhere, possibly
using distributed computation. In some of these embodi-
ments, the sensing device 102 may be a multi-parameter
wearable sensor, meaning that it is capable of measuring
multiple different patient parameters, such as blood pressure,
heart rate, blood oxygen saturation, etc. In some embodi-
ments, such a multi-parameter wearable sensor may transmit
raw data for data reduction elsewhere. In some embodi-
ments, the system 100 is configured to determine when to
process data locally (at the sensing device 102) and when to
process it elsewhere, based on inputs such as but not limited
to patient acuity, battery level, energy cost to transmit data,
link rate and link reliability. In some embodiments, the
sensing device 102 and the system 100 support cloud
computing and data aggregation to support multi-sensor
analysis. In some embodiments, the system 100 is config-
ured to dynamically adjust the amount of data gathered and
the amount of data transmitted as a function of inputs such
as patient acuity, noise levels, battery life, link quality and
the like. In some embodiments, the sensing device 102 may
provide data that may be aggregated with data from a
gateway device that bridges from wireless sensors on a BAN
and provides for addition of other patient parameters.

[0047] FIG. 2 is a more detailed schematic representation
of the system 100. Again, the system 100 includes the
sensing patch 102, the bridge device 104, the network 112
and the data management system 106, which in this embodi-
ment is represented as a data processing server 106. The
sensor patch 102 includes one or more low-level sensors
202, for sensing one or more physical assessment param-
eters. It may also include battery, power regulation and/or
charging circuits 204 and an optional charging interface 206.
The sensing patch 102 may also include analog filter, gain
and offset correction module 208, an analog to digital
converter 210, a microprocessor 212 and a communication
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module 214, which allows the sensing patch 102 to com-
municate with the bridge device 104. According to various
embodiments, one or more additional sensing patches 216
may also communicate with the bridge device 104.

[0048] The data processing server 106 may include a
sensor communication module 218, an algorithm module
220, an electronic health records (EHR) and ward dashboard
application program interface (API) module 224 and a
network communication module 226 and a database 219.
The database 219 may share data with the database in the
EHR. The algorithm module 220 may include a rules engine
that defines system behavior including sensor settings,
annunciations, and messages to caregivers. The algorithm
module 220 may update the rules engine as new data, such
as patient state and outcome, are included in the database.
Updates may include weightings to neural networks, pattern
matching, modified heuristics, new features such as detec-
tion of a particular physiological issue such as Cushing’s
Triad, and the like. Messages to caregivers may include
guidance on patient care, such as suggested test intervals or
statistically likely future events based on the patient’s state.
As described previously, the sensing patch 102 and the data
processing server 106 (or more broadly the data manage-
ment system 106) may communicate with each other via the
bridge device 104 and the network 112. In various embodi-
ments, processed data from the data processing server 106
may be provided to one or more users via an EHR 228, a
ward dashboard 230 and/or any other suitable means for
providing or displaying information. The sensor module 218
of the data processing server 106 may be configured to
receive data from, and send data and/or commands to, the
sensing patch 102 via the network 112. The network com-
munication module 226, on the other hand, may be config-
ured to send data to, and optionally receive data from, one
or more devices 228, 230 via the network 112. Modules that
include the data processing server may be combined and/or
distributed across multiple computing devices.

[0049] FIG. 3 is a flow diagram, illustrating one embodi-
ment of a physical parameter sensing method 240, focusing
on the perspective of the sensing patch 102. In this embodi-
ment of the method 240, the sensing patch 102 is set to
default values for timing and rate of data acquisition and
transmission 242. When the sensing patch 102 is attached to
the subject S and activated, it will begin to acquire and
transmit data at the set rates 244. At any point in time, the
sensing patch 102 may receive a command 246 from the data
processing server 106 to set one or more new rates 248 (of
data acquisition and/or data transmission, for example). If
such a command is received, the sensing patch 102 will
adjust the rate(s) accordingly. If no command is received, the
sensing patch 102 will continue to acquire and transmit data
at the set rates 244. The set data rates 244 may include, for
example, the sampling rate, such as sampling the optical
detector at 250 Hz and the vital-signs interval, or acquiring
vital signs every 8 hours, every 2 hours, every 10 minutes,
or continuously. Logic for modifying data rates, data
acquired, and the like may be included in the sensing patch
102. This supports operation when the network connection
to a server is missing, and the sensing patch 102 may store
data until it is read, for example, by the bridge device 104.
[0050] FIG. 4 is another flow diagram, illustrating a dif-
ferent portion of one embodiment of a physical parameter
sensing method 250, focusing on the perspective of the data
processing server 106. In this embodiment of the method
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250, the sensing patch 102 acquires sensor data 252 and
transmits it to the data processing server 106, which then
processes the data 254. The processing step 254 may include
determining the data acquisition and/or transmitting rates of
the sensing patch 102. The data processing server 106 may
then determine whether the data rates and data types are
appropriate 256. Data types may include, for example, the
sources of the data, such as sensor type, e.g., ECG, and the
transmitted output, e.g., raw waveform, heart rate, R-R
interval, bits per sample, or performance metric. A perfor-
mance metric might include the wireless retry rate, the
signal-to-noise (SNR) ratio of the communication channel,
and the SNR of the data channel. If the data rates and data
types are appropriate, the data processing server 106 will not
send a change command to the sensing patch 102. If,
however, the data processing server 106 determines that the
rates and/or data types are not appropriate, then it will
determine one or more changes to make to the rates and/or
the data types, based on any of a number of factors. For
example, the factors may include but are not limited to an
acuity of the subject, an age of the subject, an instruction
from a healthcare worker, a battery level of the sensing
patch, an energy cost of transmitting data from the sensing
patch to the processor, a noise level, a link rate for linking
the sensing patch with the processor and a link reliability for
linking the sensing patch with the processor, and proximity
of a clinician to the sensor. At the limit of no reliability, the
sensing patch 102 may automatically provide an increased
amount of data reduction since there is no other processor
available. Instruction from a healthcare worker may come
through a user interface to the sensing patch 102 or an
external computing device, including an EHR/EMR system.
Proximity of a clinician may be used to indicate a clinician,
who requires updated vital sign measurements, is in the
room, and this information may result in commands to
support the clinician’s need. Any changes may then be sent
in the form of commands 260 to the sensing patch 102. The
sensing patch 102 may react to the command by transmitting
an ACK/NACK (acknowledging/negative acknowledge)
signal and/or by implementing the command.

[0051] In any embodiment of the system and method just
described, the sensing patch 102 may be configured to sense
multiple different physical assessment parameters and/or
multiple different sensing patches 102 may be used at the
same time on the same patient. In some embodiments,
therefore, the data processing server 106 may be configured
to receive multiple different types of data relating to different
physical assessment parameters and determine whether the
data rates are appropriate for any or all of those parameters,
which may help improve the reliability of the received data.
Again, these different parameters may be sensed by one
multi-parameter sensing patch 102 or by multiple sensing
patches 102. Furthermore, the methods described in FIGS. 3
and 4 may be performed continuously or at set time inter-
vals, according to various embodiments. Changes to the data
acquisition rate and/or data transmission rate may be made
dynamically over a period of time. In some embodiments,
the system may select to use an energy efficient sensor for
heart rate, while using a less eflicient sensor as needed.
Multi-sensor processing may be used to leverage data from
multiple sensors to improve the overall robustness of the
data. For example, if ECG and SPO2 are both available,
each may be used to derive a heart rate. Analyzing the heart
rate (for example a sudden change) and the noise levels
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allows the system to determine the more reliable sensor and
use that one for input. An accelerometer may be used to help
determine when a sensor has motion artifact and also to
remove the effects of the motion.

[0052] For example, in one embodiment, a sternal-
mounted sensing patch 102 may support SPO2 (oxygen
saturation), ECG, an accelerometer and an imager that
determines skin color. These four measures may all be used
to derive a respiration rate, and all but the imager may be
used to determine a heart rate. When system values change,
the data processing server 106 may analyze the cost and
determine if adjustments should be made. For example, if
heart rate (HR) has been stable at 80 beats per minute (BPM)
and changes to 110 BPM, the data processing server 106
may change the sample period from every hour to every 10
minutes for all variables, even though the HR of 110 BPM
is below the alarm limit of 120. This allows the system 100
to be more sensitive and have a shorter time lag from the
onset of clinical issues to detection and alerts. The system
may determine from user input or from analysis of clinician
requests for routine vitals what the standard time interval is
for obtaining vital signs measurements.

[0053] In some embodiments, the sensing patch 102 may
perform no processing whatsoever and may simply sense
one or more parameters and transmit raw data to the bridge
device 104 and thus on to the data processing server 106. In
that type of embodiment, the data processing server 106 may
perform all data processing, or alternatively the bridge
device 104 may perform some initial processing, and the
data processing server 106 may perform additional process-
ing. In that type of embodiment, the bridge device 104 may
have a processor that can support applications including
analysis and reduction of sensor data. This may be done fully
or in part (distributed processing). For example, the bridge
device 104 may compute one key numeric value, such as
heart rate and use the HR data to make decisions, such as
whether or not to forward the entire data packet to the data
processing server 106 or to change the data sampling rate of
the sensing patch 102. Alternately, the bridge device 104
may siniply forward the data to the data processing server
106. The protocol might have the radio transmitting the raw
data for one parameter at a time, and for each parameter the
bridge device 104 or the data processing server 106 com-
putes a numeric value and determines if the raw data for the
other parameters should be immediately acquired. When a
sensing patch 102 has no ability to uplink data, it may run
some elementary processing, such as determining heart rate
from ECG signals. In another alternative embodiment, the
sensing patch 102 may perform some initial processing,
such as filtering, and the data processing server 106 (and in
some cases the bridge device 104) may perform additional
processing. In some embodiments, the sensing patch 102 or
any part of the system 100 may send reduced data. For
example, the sensing patch 102 may send some waveform
snippets and all the beat-to-beat intervals for heart rate
variability analysis.

[0054] FIG. 5 schematically illustrates an example of the
sensing device 102, which is used for sensing and transmit-
ting physical assessment parameters of the subject S. The
sensing device 102 includes a sensing circuit 130 and an
antenna 140. The sensing circuit 130 can include a sensor
unit 132, a control unit 134, and a communication unit 136.
The control unit 134 and the sensor unit 132 may include a
processor, memory, and peripheral interfaces.
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[0055] In some embodiments, the sensing device 102
operates as a transponder configured to emit an identifying
signal in response to an interrogating received signal. In the
depicted example, the sensing device 102 is primarily illus-
trated as a near field communication (NFC) unit. In other
embodiments, the sensing device 102 can be designed to be
in other types of communication, such as radio frequency
identification (RFID) unit, Bluetooth, Wi-Fi, and other
short-range wireless communications.

[0056] As further illustrated in FIGS. 7-9, the sensing
device 102 can be configured as a patch. The sensing circuit
130 can be designed as a tag or label suitable to be contained
within the patch. The tag or label can be formed to be
substantially flat and thin so as to be easily mounted onto, or
embedded into, the patch.

[0057] The sensor unit 132 includes one or more sensors
operable to detect one or more physical assessment param-
eters. In some examples, the sensor unit 132 includes one
sensor for detecting one type of physical assessment param-
eters. In other examples, the sensor unit 132 includes
multiple sensors for detecting different types of physical
assessment parameters. Example sensors of the sensor unit
132 include temperature sensors, heartrate sensors, electro-
cardiogram (ECG) sensors, respiratory rate sensors, accel-
erometers, SpO2 sensors, heart rate variability sensors,
galvanic skin response sensors, blood pressure sensors,
blood chemistry sensors, including blood glucose sensors,
blood oxygen sensors, and any other sensors suitable for
measuring physical assessment parameters. The sensor unit
132 can further include one or more sensors (e.g., acceler-
ometer) for detecting the subject’s activity and posture, such
as whether the subject is standing, sitting, laying down, or
engaged in physical activity, such as running.

[0058] The control unit 134 operates to process signals
obtained by the sensor unit 132. Data processed by the
control unit 134 can be stored in a storage unit. An example
of the control unit 134 is further described with reference to
FIG. 6.

[0059] The communication unit 136 operates to send
signals obtained by the sensor unit 132 to the bridge device
104 via the wireless communication link 110. In some
examples, the communication unit 136 can also receive
signals from the bridge device 104. In some examples, the
communication unit 136 is configured to communicate with
the data management system 106 and/or other computing
devices via the network 112. Although the communication
unit 136 is illustrated to be included in the control unit 134,
the communication unit 136 can be configured separately
from the control unit 134.

[0060] The antenna 140 is configured to receive and
transmit a radio frequency (RF) signal. In some embodi-
ments, the antenna 140 is configured for NFC communica-
tion. The communication range for NFC communication is
generally proportional to the size of the antenna. Therefore,
it may be desirable to increase the antenna size to increase
the reading range of a patient worn sensor (e.g., the sensing
patch 102).

[0061] Insome embodiments, the antenna 140 is made flat
so as to be incorporated into the sensing patch 102 as
illustrated in FIGS. 7-9. In the illustrated example, the
antenna 140 is separate from the sensing circuit 130. Since
the antenna 140 need not be formed together with the
sensing circuit 130 on a single printed circuit board, the
sensing circuit 130 can be made smaller, thereby improving
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comfort when the sensing patch 102 is attached on the
subject’s body skin. As described above, the sensing circuit
130 includes the sensor unit 132 that can be separated from
the processing unit circuit board (e.g., the control unit 134)
such that only the sensor unit 132 contacts the body skin.
Since the critical skin contact is limited to the sensor unit,
the skin contact area required is further reduced. In other
embodiments, the antenna 140 can be formed on the sensing
circuit 130. An example of the antenna 140 is described and
illustrated in more detail with reference to FIGS. 7-11.
[0062] FIG. 6 schematically illustrates an example of the
control unit 134 of FIG. 5. In the illustrated example, the
control unit 134 is configured for NFC or RFID communi-
cation.

[0063] The control unit 134 is arranged within the sensing
patch 102 and electrically coupled to the antenna 140. In
some embodiments, the control unit 134 is implemented in
an integrated circuit (IC). In operation, a signal is received
by the antenna 140 and communicated to the control unit
134. The control unit 134 operates to harvest power and
respond as necessary in response to the incoming signal. In
particular, the control unit 134 is configured to store and
process information, modulate and demodulate a RF signal,
collect power from an associated reader signal, and perform
other functions. One example of the control unit 134 is
implemented with model number RF430FRI.152H, avail-
able from Texas Instruments Inc., Dallas, Tex.

[0064] In some embodiments, the control unit 134
includes a power management unit (PMU) 152, a processing
unit 154, and a storage unit 156. In other embodiments, the
control unit 134 can include one or more components in
addition to the components described above, and/or replace
one or more of the components described above by different
components.

[0065] The PMU 152 operates to harvest raw RF power
received via the antenna 140. In particular, an RF wave
received via the antenna 140 is transmitted to the PMU 152
as a signal. The signal is used for harvesting the power and
also decoded for further processes. Where the sensing patch
102 is implemented as a passive NFC device, the sensing
patch 102 does not have its own power source. The sensing
patch 102 can be powered by electromagnetic induction
from magnetic fields produced near a reader of the sensing
patch 102 (e.g., the bridge device 104). However, it is
recognized that the control unit 134 can be powered in
different manners. For example, where the sensing patch 102
is implemented as an active or semi-passive RFID tag, the
sensing patch 102 uses internal power source to power the
circuit.

[0066] The processing unit 154 operates to receive signals
from the antenna 140. In some examples, a demodulator is
provided to demodulate an RF signal received via the
antenna 140. The demodulator can be implemented in a way
known in the art, including, for example, attenuator stage
and amplifier stage. The processing unit 154 can perform
various operations and generate an output signal for trans-
mission. In some examples, a modulator is provided to
modulate an output signal generated by the processing unit
154. The modulated signal is transmitted through the
antenna 140 to one or more readers, such as the bridge
device 104. The modulator can be implemented in a way
known in the art, including, for example, driver stage and
amplifier stage. The processing unit 228 can be implemented
in a way known in the art, including, for example, a
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processor, a decoder, and an encoder. In another example,
the control unit 134 modulates the load as a function of the
data bit stream, e.g., binary amplitude modulation may be
achieved by applying more load for a 1 and less load for a
0. The reader can detect the power transfer using transformer
theory and thereby determine the data bit stream. An analog
output of the sensor unit could provide direct modulation of
the signal transmitted by the communication unit.

[0067] The storage unit 156 includes one or more memo-
ries configured to store data readable by a reader, such as the
bridge device 104. The storage unit 156 can be of various
types, including volatile and nonvolatile, removable and
non-removable, and/or persistent media. In some embodi-
ments, the storage unit 156 is an erasable programmable
read only memory (EPROM) or FLASH memory.

[0068] Referring to FIGS. 7-9, an example structure of the
sensing device 102 is described. In particular, FIG. 7 is a
schematic perspective view of the sensing device 102. FIG.
8 schematically illustrates example components and layers
of the sensing patch 102 of FIG. 7, and FIG. 9 is a schematic
cross-sectional view of the sensing patch 102 of FIG. 7.
[0069] As illustrated, the sensing device 102 is configured
as a patch that can be removably attached to various portions
of the subject’s body. In some examples, the sensing patch
102 includes a base substrate or layer 170, an adhesive layer
172, an antenna enclosure 174, and a cover layer 176. As
described below, the antenna 140 is movably contained
within the sensing patch 102, thereby improving the flex-
ibility of the sensing patch 102 that is attached on the
subject’s body skin.

[0070] Referring to FIGS. 8 and 9, the base substrate 170
has a first surface 180 supporting the sensing circuit 130
thereon, and a second surface 182 (opposite to the first
surface) configured to, directly or indirectly, engage a por-
tion of the subject’s body (e.g., body surface). In some
examples, the adhesive layer 172 is provided on the second
surface 182 of the base substrate 170 to allow the base
substrate 170 (and thus the patch 102) to be attached to a
body surface of the subject S. In other examples, the second
surface 182 of the base substrate 170 is adapted to be
removably attached to a body surface of the subject S with
or without the adhesive layer 172. In some examples, the
base substrate 170 is made of flexible materials, such as
polymeric materials, which are stretchable to remain
attached to a body skin when the body skin deforms.
[0071] The adhesive layer 172 can be made of various
materials. In some examples, the adhesive layer 172 is made
of flexible polymeric materials, which are stretchable to
conform to the deformation of a body skin on which the
sensing patch 102 is attached. The adhesive layer 172 can
include a hydrogel, which can provide skin-adhesion prop-
erties. The adhesive layer 172 can further function as a
thermal conduit between the sensor unit 132 and the sub-
ject’s skin. In addition or alternatively, the adhesive layer
172 includes a pressure-sensitive adhesive.

[0072] In addition or alternatively, the adhesive layer 172
is further configured as an electrically conductive layer that
can conduct current between the skin and the circuit. Fur-
ther, such an electrically conductive layer can also transfer
a measurement of a voltage potential between two different
points on the patient to the sensing circuit.

[0073] In some examples, the base substrate 170 is con-
figured such that the entire second surface 182 of the base
substrate 170 is substantially attached to a predetermined
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body skin of the subject S, either directly or through the
adhesive layer 172. In other examples, the base substrate
170 is configured to be attached to a body skin at a limited
number of points of the second surface 182 of the base
substrate 170 (either directly or via the adhesive layer 172).
For example, in the illustrate example, the base substrate
170 can be attached to a body skin at two points adjacent
opposite corners 192 and 194 (FIG. 8). This configuration
can be used in measuring a stretch of a skin, which, for
example, can be used to calculate a breath rate.

[0074] In some examples, the sensing circuit 130 is dis-
posed between the base substrate 170 and the antenna
enclosure 174. The sensing circuit 130 can be attached to the
base substrate 170. For examples, the control unit 134 is
fixed to a predetermined location on the first surface 180 of
the base substrate 170, and the sensor unit 132 is arranged
at a location from which a desired physical assessment
parameter can be properly detected when the patch 120 is
attached to the subject S. Alternatively, the sensing circuit
130 can be attached to the antenna enclosure 174, or
attached to both the base substrate 170 and the antenna
enclosure 174. In this example, the sensor unit 132 is
illustrated to be separate and extend from the control umit
134. In other examples, the sensor unit 132 can be incor-
porated with the control unit 134 as a single printed circuit
board.

[0075] Insome embodiments, the sensor unit 132 includes
a sensor adhesive layer 133 configured to attach the sensor
unit 132 to the subject’s skin. The sensor unit 132 can be
exposed to the skin through an opening 135 of the base
substrate 170 and an opening 137 of the adhesive layer 172.

[0076] Where the sensing patch 102 is configured for
measuring a body temperature, the sensor unit 132 can
include a thermistor or multiple thermistors in some
examples. In other examples, the sensor unit 132 can include
other types of electrical temperature sensors, including ther-
mocouples, diodes, and other semiconductors.

[0077] The antenna enclosure 174 is configured to house
the antenna 140 therewithin. The antenna enclosure 174
provides a space or cavity 184 within which the antenna 140
can move. In some examples, the antenna enclosure 174 is
configured as a pocket, sleeve, or envelope into which the
antenna 140 is received. The antenna enclosure 174 is sized
such that the antenna 140 freely moves, or floats, within the
antenna enclosure 174. The antenna enclosure 174 can be
made from one or more flexible and stretchable materials.
The antenna enclosure 174 can be made in other manners.
For example, the antenna enclosure 174 can be made by two
opposing layers that cooperate together to define a space
therebetween. By way of example, such opposing layers can
be the base substrate 170 and the cover layer 176.

[0078] In some examples, the antenna enclosure 174
includes a wire hole 186 through which electrical wires pass
between the antenna 140 and the sensing circuit 130. The
electrical wires are used to electrically connect the antenna
140 and the sensing circuit 130.

[0079] The cover layer 176 can be disposed above the
antenna enclosure 174 and forms an exterior layer of the
sensing patch 102. In some examples, the cover layer 176
and the base substrate 170 are connected (e.g., bonded) to
each other along their edges to enclose the antenna enclosure
174, the sensing circuit 130, the antenna 140, and other
components or layers suitable for the sensing patch 102.
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[0080] The materials used for the layers of the sensing
patch 102 are capable of providing resistance to water,
sweat, humidity, and other human or environmental factors
that may reduce or deteriorate the bond between the patch
102 and the subject’s skin over the length of a predetermined
time period.

[0081] In some examples, the layers of the sensing patch
102, such as the base substrate 170, the adhesive layer 172,
the antenna enclosure 174, and the cover layer 176, are made
to be flexible and stretchable to accommodate the movement
of a body skin of the subject S to which the sensing patch
102 is attached. As such, when the body skin moves or
changes its shape (e.g., the body skin stretches or shrinks),
the layers of the sensing patch 102 can remain properly
attached to the body skin by conforming to the various
shapes of the body skin. Since the sensing circuit 130 is
small in size relative to the sensing patch 102, the sensing
circuit 130 does not generally interfere with the flexibility of
the layers of the sensing patch 102. In other examples, the
sensing circuit 130 can also be made with a flexible circuit
board so that the layers and the sensing circuit 130 of the
sensing patch 102 conform to different shapes of the sub-
ject’s body skin on which the sensing patch 102 is attached.
[0082] In other examples, the sensing patch 102 can
include other layers and/or components in addition to all or
some of the layers 170, 172, 174 and 176. Further, the layers
and components of the sensing patch 102, such as the base
substrate 170, the adhesive layer 172, the antenna enclosure
174, the cover layer 176, the sensing circuit 130, the antenna
140, and/or any other layers or components, can be arranged
in various manners, different from the order illustrated in
FIGS. 8 and 9.

[0083] In some examples, the antenna 140 is designed to
generally follow the contour of the sensing patch 102. The
antenna 140 is made of one or more rigid materials, such as
aluminum and copper, which is not stretchable. Where the
sensing patch 102 is configured as a NFC or RFID device,
the antenna 140 is made from etched metal foil. For
example, the antenna 140 can include one or more coils,
which are formed as a loop, a spiral, a square or rectangular,
on a flat plate.

[0084] Several factors can affect a read range between the
bridge device 104 and the sensing patch 102. One factor is
an antenna size. In general, a larger antenna can broadcast
farther than a smaller one. However, such a larger antenna
interferes more with the flexibility of the sensing patch.
[0085] The non-stretchable characteristic and the rela-
tively-large size of the antenna 140 can prevent the sensing
patch 102 from confirming to deformation of a body skin
and the layers of the sensing patch 102 attached to the body
skin and/or restrict natural skin stretching motion. As
described above, the antenna enclosure 174 can reduce the
interference of the antenna 140 by allowing the antenna 140
to float, or move freely, relative to the sensing patch 102.
Therefore, the existence of the antenna 140 does not dete-
riorate the flexibility of the sensing patch 102, which can
thus conform to the deformation of a body skin on which the
sensing patch 102 is attached.

[0086] Although the sensing patch 102 is made be flexible
in general, the sensing patch 102 is configured to be unswal-
lowable and/or not chewable. In some examples, the sensing
patch 102 includes one or more layers or members that are
at least partially rigid and can thus prevent the subject S
(such as a pediatric patient) from accidentally ingesting the
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sensing patch 102. In other examples, the sensing patch 102
is sized to be large enough so that a pediatric patient is not
able to swallow the sensing patch 102. In yet other
examples, the sensing patch is treated with a biocompatible,
non-toxic coating that has an undesirable taste or flavor to
prevent the subject from swallowing or ingesting the patch.
[0087] Similarly to the antenna 140 above, in some
examples, the sensing circuit 130 can be movably contained
within the sensing patch 102. For example, the sensing
circuit 130 can be received within the antenna enclosure 174
so that the sensing circuit 130, as well as the antenna 140,
freely moves within the antenna enclosure 174. In other
examples, another enclosure, similar to the antenna enclo-
sure 174, can be provided to provide a space for the
movement of the sensing circuit 130. For reliable measure-
ment, the sensor unit 132 can be fixed within the sensing
patch 102 while the control unit 134 of the sensing circuit
130 and/or the antenna 140 are movably disposed within the
sensing patch 102.

[0088] Referring to FIGS. 10 and 11, the antenna 140 is
described to be disposed within the antenna enclosure 174 in
various manners. In particular, FIG. 10 schematically illus-
trates an example arrangement of the antenna 140 within the
antenna enclosure 174, and FIG. 11 schematically illustrates
another example arrangement of the antenna 140 within the
antenna enclosure 174.

[0089] With reference to FIG. 10, the antenna 140 is
disposed within the antenna enclosure 174 and movable
therewithin. The movement of the antenna 140 is only
limited by the wires extending from the antenna 140 to the
sensing circuit 130 through the wire hole 186. The antenna
140 can freely move in the three-dimensional space of the
cavity 184 (e.g., a space defined by three-dimensional Car-
tesian coordinate system).

[0090] With reference to FIG. 11, the antenna 140 can be
disposed within the antenna enclosure 174 and pivotally
connected at a predetermined anchor point 190. In this
configuration, the antenna 140 can pivot about the anchor
point 190 on the x-y plane and movable along the z-axis.
[0091] The antenna 140 can be fixed at a single point, such
as the anchor point 190, and the rest of the antenna 140 is
not fixed relative to the subject’s skin on which the sensing
patch 102 is attached. Therefore, the antenna 140 is allowed
to move or slide within the antenna enclosure 174. As such,
the sensing patch 102 is not restrained by the rigid antenna
140 and is adapted to be stretchable in response to the
deformation (e.g., stretching or shrinking) of the subject’s
skin. In other examples, the antenna 140 can be fixed at two
or more points within the antenna enclosure 174 while the
antenna 140 is sufficiently movable within the antenna
enclosure 174 as the sensing patch 102 and/or the subject’s
skin deform.

[0092] FIG. 12 illustrates an exemplary architecture of the
bridge device 104. The bridge device 104 illustrated in FIG.
12 is used to execute the operating system, application
programs, and software modules (including the software
engines) described herein.

[0093] The bridge device 104 is a computing device of
various types. In some embodiments, the bridge device 104
is a mobile computing device. Examples of the bridge device
104 as a mobile computing device include a mobile device
(e.g., a smart phone and a tablet computer), a wearable
computer (e.g., a smartwatch and a head-mounted display),
a personal digital assistant (PDA), a handheld game console,
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a portable media player, an ultra-mobile PC, a digital still
camera, a digital video camera, and other mobile devices. In
other embodiments, the bridge device 104 is other comput-
ing devices, such as a desktop computer, a laptop computer,
or other devices configured to process digital instructions.
[0094] It is recognized that the architecture illustrated in
FIG. 12 can also be implemented in other computing devices
used to achieve aspects of the present disclosure. For
example, the data management system 106 can be config-
ured similarly to the architecture of FIG. 12. To avoid undue
repetition, this description of the bridge device 104 will not
be separately repeated herein for each of the other comput-
ing devices including the data management system 106.
[0095] The bridge device 104 includes, in some embodi-
ments, at least one processing device 302, such as a central
processing unit (CPU). A variety of processing devices are
available from a variety of manufacturers, for example, Intel
or Advanced Micro Devices. In this example, the bridge
device 104 also includes a system memory 304, and a
system bus 306 that couples various system components
including the system memory 304 to the processing device
302. The system bus 306 is one of any number of types of
bus structures including a memory bus, or memory control-
ler; a peripheral bus; and a local bus using any of a variety
of bus architectures.

[0096] The system memory 304 includes non-volatile
memory 308 and random access memory 310. A basic
input/output system 312 containing the basic routines that
act to transfer information within the bridge device 104,
such as during start up, is typically stored in the non-volatile
memory 308.

[0097] The bridge device 104 also includes a secondary
storage device 314 in some embodiments, such as a hard
disk drive, for storing digital data. The secondary storage
device 314 is connected to the system bus 306 by a second-
ary storage interface 316. The secondary storage devices and
their associated computer readable media provide nonvola-
tile storage of computer readable instructions (including
application programs and program modules), data struc-
tures, and other data for the bridge device 104.

[0098] Although the exemplary environment described
herein employs a hard disk drive as a secondary storage
device, other types of computer readable storage media are
used in other embodiments. Examples of these other types of
computer readable storage media include magnetic cas-
settes, flash memory cards, digital video disks, Bernoulli
cartridges, compact disc read only memories, digital versa-
tile disk read only memories, random access memories,
FLASH memories, removable memories such as USB
memory sticks, or read only memories. Some embodiments
include non-transitory media.

[0099] A number of program modules can be stored in
secondary storage device 314 or memory 304, including an
operating system 318, one or more application programs
320, other program modules 322, and program data 324.
[0100] In some embodiments, the bridge device 104
includes input devices to enable a user to provide inputs to
the bridge device 104. Examples of input devices 326
include a keyboard 328, a pointer input device 330, a
microphone 332, and a touch sensitive display 340. Other
embodiments include other input devices. The input devices
are often connected to the processing device 302 through an
input/output interface 338 that is coupled to the system bus
306. These input devices 326 can be connected by any
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number of input/output interfaces, such as a parallel port,
serial port, game port, or a universal serial bus. Wireless
communication between input devices and interface 338 is
possible as well, and includes infrared, BLUETOOTH®
wireless technology, 802.11a/b/g/n/ac/ad, cellular, or other
radio frequency communication systems in some possible
embodiments.

[0101] In this example embodiment, a touch sensitive
display device 340 is also connected to the system bus 306
via an interface, such as a video adapter 342. The touch
sensitive display device 340 includes touch sensors for
receiving input from a user when the user touches the
display. Such sensors can be capacitive sensors, pressure
sensors, or other touch sensors. The sensors not only detect
contact with the display, but also the location of the contact
and movement of the contact over time. For example, a user
can move a finger or stylus across the screen to provide
written inputs. The written inputs are evaluated and, in some
embodiments, converted into text inputs.

[0102] In addition to the display device 340, the bridge
device 104 can include various other peripheral devices (not
shown), such as speakers or a printer.

[0103] When used in a local area networking environment
or a wide area networking environment (such as the Inter-
net), the bridge device 104 is typically connected to the
network through a network interface, such as a wireless
network interface 346. Other possible embodiments use
other communication devices. For example, some embodi-
ments of the bridge device 104 include an Ethernet network
interface, or a modem for communicating across the net-
work.

[0104] The bridge device 104 typically includes at least
some form of computer-readable media. Computer readable
media includes any available media that can be accessed by
the bridge device 104. By way of example, computer-
readable media include computer readable storage media
and computer readable communication media.

[0105] Computer readable storage media includes volatile
and nonvolatile, removable and non-removable media
implemented in any device configured to store information
such as computer readable instructions, data structures,
program modules or other data. Computer readable storage
media includes, but is not limited to, random access
memory, read only memory, electrically erasable program-
mable read only memory, flash memory or other memory
technology, compact disc read only memory, digital versatile
disks or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to store the
desired information and that can be accessed by the bridge
device 104. Computer readable storage media does not
include computer readable communication media.

[0106] Computer readable communication media typi-
cally embodies computer readable instructions, data struc-
tures, program modules or other data in a modulated data
signal such as a carrier wave or other transport mechanism
and includes any information delivery media. The term
“modulated data signal” refers to 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,
computer readable communication media includes wired
media such as a wired network or direct-wired connection,
and wireless media such as acoustic, radio frequency, infra-
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red, and other wireless media. Combinations of any of the
above are also included within the scope of computer
readable media.

[0107] The computing device illustrated in FIG. 12 is also
an example of programmable electronics, which may
include one or more such computing devices, and when
multiple computing devices are included, such computing
devices can be coupled together with a suitable data com-
munication network so as to collectively perform the various
functions, methods, or operations disclosed herein.

[0108] Referring again to FIG. 12, the bridge device 104
can include a location identification device 348. The location
identification device 348 is configured to identify the loca-
tion or geolocation of the bridge device 104. The location
identification device 348 can use various types of geolocat-
ing or positioning systems, such as network-based systems,
handset-based systems, SIM-based systems, Wi-Fi position-
ing systems, and hybrid positioning systems. Network-based
systems utilize service provider’s network infrastructure,
such as cell tower triangulation. Handset-based systems
typically use the Global Positioning System (GPS). Wi-Fi
positioning systems can be used when GPS is inadequate
due to various causes including multipath and signal block-
age indoors. Hybrid positioning systems use a combination
of network-based and handset-based technologies for loca-
tion determination, such as Assisted GPS.

[0109] Referring again to FIG. 12, the bridge device 104
further includes a short-range wireless communication
device 350. The short-range wireless communication device
350 is configured to establish short-range wireless commu-
nication with the sensing patch 102. Short-range wireless
communication is one-way or two-way short-range to
medium-range wireless communication. Short-range wire-
less communication can be established according to various
technologies and protocols. Examples of short-range wire-
less communication include a radio frequency identification
(RFID), a near field communication (NFC), a Bluetooth
technology, and a Wi-Fi technology.

[0110] The various examples and teachings described
above are provided by way of illustration only and should
not be construed to limit the scope of the present disclosure.
Those skilled in the art will readily recognize various
modifications and changes that may be made without fol-
lowing the example examples and applications illustrated
and described herein, and without departing from the true
spirit and scope of the present disclosure.

What is claimed is:

1. A system for detecting one or more physical assessment

parameters of a subject, the system comprising:

a sensing patch configured to sense signals from the
subject corresponding to the one or more physical
assessment parameters and transmit sensed parameter
data corresponding to the sensed signals, wherein the
sensing patch includes at least one adjustable sensing
patch parameter; and

a processor, separate from the sensing patch and config-
ured to receive the sensed parameter data from the
sensing patch and transmit a command to the sensing
patch,

wherein the sensing patch is configured to perform dif-
ferent amounts of data reduction on the sensed param-
eter data before transmitting the sensed parameter data
to the processor, and
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wherein the different amounts of data reduction are deter-
mined at least in part by at least one system parameter
corresponding to a function of the system.

2. The system of claim 1, wherein the at least one
adjustable sensing patch parameter is selected from the
group consisting of a data reduction rate, a rate at which the
sensing patch senses signals from the subject, a monitored
vital sign, a data uplink interval and a vital signs interval.

3. The system of claim 1, wherein the different amounts
of data reduction are further determined, at least in part, by
a state of the subject.

4. The system of claim 1, wherein the at least one system
parameter is selected from the group consisting of a battery
level of the sensing patch, an energy cost of transmitting
sensed parameter data from the sensing patch to the proces-
sor, a noise level, a link rate for linking the sensing patch
with the processor and a link reliability for linking the
sensing patch with the processor.

5. The system of claim 1, further comprising a bridge
configured to receive the data from the sensing patch and
transmit the data to the processor.

6. The system of claim 1, wherein the command trans-
mitted from the processor to the sensing patch comprises an
amount of data reduction to be performed by the sensing
patch, and wherein the sensing patch is configured to receive
and react to the command.

7. A method for detecting a physical assessment param-
eter of a subject, the method comprising:

determining a first physiological assessment parameter to

sense with a sensor attached to the subject;
determining when to sense the first physiological assess-
ment parameter with the sensor;

sensing the first physiological assessment parameter with

the sensor to provide first sensed parameter data;
transmitting the first sensed parameter data from the
sensor to a processor;

determining, with the processor, that additional process-

ing of the first sensed parameter data is needed,
processing the first sensed parameter data with the pro-
cessor; and

providing the processed first sensed parameter data to a

user.

8. The method of claim 7, wherein the first physiological
assessment parameter is selected from the group consisting
of a heart rate, a respiratory rate, a blood pressure, a
temperature, a blood oxygen content, blood chemistry, pupil
activity, galvanic skin response, weight, oxygen saturation,
photoplethsymograph activity, an electrocardiogram signal,
an electroencephalogram signal, and a movement of the
subject.

9. The method of claim 7, further comprising:

determining a second physiological assessment parameter

to sense with the sensor;

determining when to sense the second physiological

assessment parameter with the sensor;

sensing the second physiological assessment parameter

with the sensor to provide second sensed parameter
data;

transmitting the second sensed parameter data from the

sensor to a processor;

determining, with the processor, that additional process-

ing of the second sensed parameter data is needed,
processing the second sensed parameter data with the
processor; and
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providing the processed second sensed parameter data to
a user.

10. The method of claim 7, further comprising:

transmitting a command from the processor to the sensing

patch;

receiving the command at the sensing patch; and

adjusting a setting of the sensing patch in response to the

command.

11. The method of claim 10, wherein the setting is
selected from the group consisting of a rate of data acqui-
sition by the sensing patch and a rate of data transmission
from the sensing patch to the processor.

12. The method of claim 10, further comprising deter-
mining, with the processor, that the command will be
transmitted, based at least in part on an input selected from
the group consisting of an acuity of the subject, an age of the
subject, an instruction from a healthcare worker, a battery
level of the sensing patch, an energy cost of transmitting data
from the sensing patch to the processor, a noise level, a link
rate for linking the sensing patch with the processor and a
link reliability for linking the sensing patch with the pro-
Ccessor.

13. The method of claim 7, wherein the first sensed
parameter data is transmitted to the processor via a bridge
computer device wirelessly coupled with the sensing patch
via a short range radio interface and with the processor via
a network interface.

14. The method of claim 7, further comprising performing
initial processing of the first sensed parameter data with the
sensing patch before transmitting the first sensed parameter
data to the processor.

15. A system for analyzing patient vital signs, the system
comprising:

a data base;

a server;

12
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clinically validated algorithms stored on the server; and

at least one patient-worn physiological measurement

device,

wherein the database includes physical assessment

parameter data and clinical results pertaining to mul-
tiple patients, and

wherein the server analyzes the physical assessment

parameter data and the clinical results to determine,
based on the clinically validated algorithms, commands
for the at least one patient-worn physiological mea-
surements device.

16. The system of claim 15, wherein the server is further
configured to provide guidance to a user of the system for
patient care.

17. The system of claim 16, wherein the guidance is based
on statistically likely outcomes based on comparison of a
current state of a patient with at least one of outcomes or
diagnoses of prior patients with similar states.

18. The system of claim 17, further comprising test
algorithms, wherein the test algorithms include updates
based on additional physical assessment parameter data and
clinical outcomes compared with the clinically validated
algorithms.

19. The system of claim 18, wherein the server is further
configured to perform performance testing of the test algo-
rithms and the clinically validated algorithms using patient
data and clinical results acquired after a test rule with which
the test algorithms were created.

20. The system of claim 19, wherein the test algorithms
replace the clinically validated algorithms when a statistical
match of the guidance from the test algorithms with actual
outcomes is superior to a statistical match of the guidance
from the clinically validated algorithms.
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