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METHODS AND SYSTEMS FOR PROVIDING
THE PROXIMITY OF A PROCESS
REQUIREMENT METRIC TO A SYSTEM
PROCESS REQUIREMENT

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/717,594, filed May 20, 2015, which
claims the benefit of U.S. Provisional Application No.
62/012,206, filed Jun. 13, 2014, each of which is hereby
incorporated by reference herein in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a physiological
monitoring system, and more particularly relates to indicat-
ing the proximity of a process requirement metric to a
corresponding system process requirenient of a physiologi-
cal monitoring system.

SUMMARY

[0003] It may be advantageous to inform a clinician of the
proximity of a particular monitored metric or parameter to a
corresponding threshold which triggers a system process
when the value of the monitored metric or parameter meets
or crosses the corresponding threshold. For example, such
an indication of proximity may inform a clinician that a
physiological monitoring system has been close to automati-
cally triggering a measurement for a number of minutes, and
the clinician may manually take a measurement in response.
The present disclosure provides an indication to a clinician
of how close a process requirement metric, or any other
suitable monitored metric or parameter, is to system process
requirement. In some embodiments, a system process
requirement of the present disclosure may be a threshold,
and may trigger a system process when the value of a
process requirement metric meets or crosses the system
process requirement. A system process may be a recalibra-
tion or a measurement in a non-invasive blood pressure
monitoring system, or an alarm in a pulse oximetry system.
[0004] Insomeembodiments, amethod includes receiving
at least one physiological signal from the subject and
determining a change in value of at least one metric based
at least in part on the received physiological signal. The
method includes calculating a proximity of the change in
value of the metric to a corresponding threshold and indi-
cating the proximity.

[0005] In some embodiments, a system includes an input
configured to receive a physiological signal, for example, a
photoplethysmograph (PPG) signal, and microprocessor cir-
cuitry configured to determine a value of at least one process
requirement metric based at least in part on the received
physiological signal, and calculate a proximity of the value
of the process requirement metric to a corresponding thresh-
old. An output module is configured to indicate the prox-
imity.

[0006] In some embodiments, a system includes an input
configured to receive a physiological signal, for example, a
photoplethysmograph (PPG) signal, and microprocessor cir-
cuitry is configured to determine a value of at least one
process requirement metric based at least in part on the
received physiological signal, compare the value of the
process requirement metric to a corresponding threshold and
output a comparison signal based on the comparison, where
the comparison signal is used to trigger a process when the
value of the process requirement metric meets or crosses the
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corresponding threshold, and calculate a proximity of the
value of the process requirement metric to the corresponding
threshold. The system includes an output module configured
to indicate the proximity.

BRIEF DESCRIPTION OF THE FIGURES

[0007] The above and other features of the present disclo-
sure, its nature and various advantages will be more apparent
upon consideration of the following detailed description,
taken in conjunction with the accompanying drawings in
which:

[0008] FIG. 1 is a block diagram of an illustrative physi-
ological monitoring system in accordance with some
embodiments of the present disclosure;

[0009] FIG. 2 is a perspective view of an illustrative
physiological monitoring system in accordance with some
embodiments of the present disclosure;

[0010] FIG. 3 shows a flow diagram including illustrative
steps for determining and indicating the proximity of a
process requirement metric to a corresponding system pro-
cess requirement in accordance with some embodiments of
the present disclosure;

[0011] FIG. 4 shows an illustrative display of a physi-
ological monitor including a bar display for indicating the
proximity of a process requirement metric to a correspond-
ing system process requirement in accordance with some
embodiments of the present disclosure;

[0012] FIG. 5 shows an illustrative multiparametric dis-
play of a physiological monitor including a bar display for
indicating the proximity of a process requirement metric to
a corresponding system process requirement in accordance
with some embodiments of the present disclosure;

[0013] FIG. 6 is a flow diagram including illustrative steps
for indicating the proximity of a process requirement metric
to a corresponding system process requirement in accor-
dance with some embodiments of the present disclosure;
[0014] FIG. 7 is a block diagram of an illustrative system
for indicating the proximity of a process requirement metric
to a corresponding system process requirement in accor-
dance with some embodiments of the present disclosure;
[0015] FIG. 8 shows an illustrative bar display for indi-
cating the proximity of a process requirement metric to a
corresponding system process requirement in accordance
with some embodiments of the present disclosure; and
[0016] FIG. 9 shows another illustrative bar display for
indicating the proximity of a process requirement metric to
a corresponding system process requirement in accordance
with some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE FIGURES

[0017] A threshold can be used for triggering a process
within a system. Such processes may include, for example,
alarms, recalibration processes, or measurement processes.
In certain situations, it may be advantageous to inform a
clinician, or other user, of the proximity of a monitored
metric or parameter to a corresponding threshold which
triggers such a process. The present disclosure is directed
towards indicating the proximity of a process requirement
metric, such as any suitable monitored metric or parameter,
to a corresponding system process requirement (e.g., a
threshold) of a physiological monitor. The physiological
monitor may determine a value of one or more process
requirement metrics or a change in value of one or more
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process requirement metrics for a received physiological
signal (e.g., a PPG signal). For example, a process require-
ment metric may be the pulse period of a PPG signal. The
physiological monitor may calculate the proximity of the
value or change in value of the process requirement metric
to a corresponding system process requirement. When the
process requirement metric reaches a value that is equal to
or has crossed the system process requirement metric, a
system process may be triggered, for example, an alarm, a
recalibration, a measurement, any other suitable system
process, or any combination thereof. The physiological
monitor may indicate the proximity to the system process
requirement, for example, using a bar display, a color
changing display, aural cues, any other suitable indication
technique, or any combination thereof.

[0018] In some embodiments, the physiological monitor
of the present disclosure may be a non-invasive blood
pressure (NIBP) monitoring system such as a continuous
non-invasive blood pressure (CNIBP) monitoring system. A
CNIBP monitoring system continuously measures a sub-
ject’s blood pressure but typically requires recalibration.
Recalibration of a CNIBP monitoring system may occur
periodically at fixed intervals, in response to a threshold
which is met or crossed, or as specified by a clinician. In
some embodiments, pulse oximetry may be utilized in a
CNIBP monitoring system. The physiological monitor is not
limited to a CNIBP monitoring system, and may instead be
a NIBP monitoring system which may perform periodic
measurements of a subject’s blood pressure without con-
tinuously updating blood pressure. NIBP system measure-
ments may be performed periodically at fixed intervals, in
response to a threshold which is met or crossed, or as
specified by a clinician.

[0019] In some embodiments, the physiological monitor
of the present disclosure may be an oximeter. An oximeter
is a medical device that may determine the oxygen satura-
tion of the blood. One common type of oximeter is a pulse
oximeter, which may indirectly measure the oxygen satura-
tion of a subject’s blood (as opposed to measuring oxygen
saturation directly by analyzing a blood sample taken from
the subject). A pulse oximeter may be included in physi-
ological monitoring systems that measure and display vari-
ous blood flow characteristics including, but not limited to,
the oxygen saturation of hemoglobin in arterial blood. Such
physiological monitoring systems may also measure and
display additional physiological parameters, such as a sub-
ject’s pulse rate, respiration rate, or blood pressure.

[0020] An oximeter may include a light sensor that is
placed at a site on a subject, typically a fingertip, toe,
forehead or earlobe, or in the case of a neonate, across a foot.
The oximeter may use a light source to pass light through
blood perfused tissue and photoelectrically sense the trans-
mission of the light in the tissue. In addition, locations which
are not typically understood to be optimal for pulse oximetry
may serve as suitable sensor locations for blood pressure
monitoring, including any location on the body that has a
strong pulsatile arterial flow. For example, additional suit-
able sensor locations include, without limitation, the neck to
monitor carotid artery pulsatile flow, the wrist to monitor
radial artery pulsatile flow, the inside of a subject’s thigh to
monitor femoral artery pulsatile flow, the ankle to monitor
tibial artery pulsatile flow, and around or in front of the ear.
Suitable sensors for these locations may include sensors for
sensing attenuated light based on detecting reflected light. In
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all suitable locations, for example, the oximeter may mea-
sure the intensity of light that is received at the light sensor
as a function of time. The oximeter may also include sensors
at multiple locations. A signal representing light intensity
versus time or a mathematical manipulation of this signal
(e.g., a scaled version thereof, a log taken thereof, a scaled
version of a log taken thereof, etc.) may be referred to as a
photoplethysmograph (PPG) signal. In addition, the term
“PPG signal,” as used herein, may also refer to an absorption
signal (i.e., representing the amount of light absorbed by the
tissue) or any suitable mathematical manipulation thereof.
The light intensity or the amount of light absorbed may then
be used to calculate any of a number of physiological
parameters, including an amount of a blood constituent (e.g.,
oxyhemoglobin) being measured as well as a pulse rate and
when each individual pulse occurs.

[0021] In some applications, the light passed through the
tissue is selected to be of one or more wavelengths that are
absorbed by the blood in an amount representative of the
amount of the blood constituent present in the blood. The
amount of light passed through the tissue varies in accor-
dance with the changing amount of blood constituent in the
tissue and the related light absorption. Red and infrared (IR)
wavelengths may be used because it has been observed that
highly oxygenated blood will absorb relatively less Red light
and more IR light than blood with a lower oxygen saturation.
By comparing the intensities of two wavelengths at different
points in the pulse cycle, it is possible to estimate the blood
oxygen saturation of hemoglobin in arterial blood.

[0022] FIG. 1 is a block diagram of an illustrative physi-
ological monitoring system 110 in accordance with some
embodiments of the present disclosure. System 110 may
include a sensor 112 and a monitor 114 for generating and
processing physiological signals of a subject 140. In some
embodiments, system 110 may be coupled to subject 140. In
some embodiments, sensor 112 and monitor 114 may be part
of a blood pressure monitoring system and/or an oximeter.
[0023] Sensor unit 112 may include emitter 116, detector
118, and encoder 142. In the embodiment shown, emitter
116 may be configured to emit at least two wavelengths of
light (e.g., red and IR) into the tissue of subject 140. For
example, in the embodiment shown, emitter 116 may
include a red light emitting light source such as RED light
emitting diode (LED) 144 and an IR light emitting light
source such as IR LED 146 for emitting light into the tissue
of subject 140 to generate physiological signals. In some
embodiments, the red wavelength may be between about
600 nm and about 700 nm, and the IR wavelength may be
between about 800 nm and about 1000 nm. It will be
understood that emitter 116 may include any number of light
sources with any suitable characteristics. In embodiments
where an array of sensors is used in place of single sensor
112, each sensor may be configured to emit a single wave-
length. For example, a first sensor may emit only a red light
while a second may emit only an IR light. In another
example, the wavelengths of light used are selected based on
the specific location of the sensor.

[0024] It will be understood that, as used herein, the term
“light” may refer to energy produced by radiative sources
and may include one or more of ultrasound, radio, micro-
wave, millimeter wave, infrared, visible, ultraviolet, gamma
ray or X-ray electromagnetic radiation. As used herein, light
may also include any wavelength within the radio, micro-
wave, infrared, visible, ultraviolet, or X-ray spectra, and that
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any suitable wavelength of electromagnetic radiation may be
appropriate for use with the present techniques. Detector 118
may be chosen to be specifically sensitive to the chosen
targeted energy spectrum of the emitter 116, the hemoglobin
absorption profile, or both.

[0025] In some embodiments, detector 118 may be con-
figured to detect the intensity of light at the red and IR
wavelengths. In some embodiments, an array of sensors may
be used and each sensor in the array may be configured to
detect an intensity of a single wavelength. In operation, light
may enter detector 118 after being attenuated (e.g.,
absorbed, scattered) by the tissue of subject 140. Detector
118 may convert the intensity of the received light into an
electrical signal. The light intensity may be directly related
to the absorbance and/or reflectance of light in the tissue.
That is, when more light at a certain wavelength is absorbed
or reflected, less light of that wavelength is received from
the tissue by detector 118. After converting the received light
to an electrical signal, detector 118 may send the signal to
monitor 114, where the signal may be processed and physi-
ological parameters may be determined (e.g., based on the
absorption of the red and IR wavelengths in the tissue of
subject 140).

[0026] In some embodiments, encoder 142 may contain
information about sensor 112, such as sensor type (e.g.,
whether the sensor is intended for placement on a forehead
or digit), the wavelengths of light emitted by emitter 116,
power requirements or limitations of emitter 116, or other
suitable information. This information may be used by
monitor 114 to select appropriate algorithms, lookup tables
and/or calibration coefficients stored in monitor 114 for
calculating the subject’s physiological parameters.

[0027] In some embodiments, encoder 142 may contain
information specific to subject 140, such as, for example, the
subject’s age, weight, and diagnosis. Information regarding
a subject’s characteristics may allow monitor 114 to deter-
mine, for example, subject-specific threshold ranges in
which the subject’s physiological parameter measurements
should fall and to enable or disable additional physiological
parameter algorithms. This information may also be used to
select and provide coeflicients for equations from which, for
example, oxygen saturation, pulse rate, blood pressure, and
other measurements may be determined based on the signal
or signals received at sensor unit 112. For example, some
pulse oximetry sensors rely on equations to relate an area
under a portion of a PPG signal corresponding to a physi-
ological pulse to determine blood pressure. These equations
may contain coeflicients that depend upon a subject’s physi-
ological characteristics as stored in encoder 142. Encoder
142 may, for instance, be a coded resistor which stores
values corresponding to the type of sensor unit 112 or the
type of each sensor in the sensor array, the wavelengths of
light emitted by emitter 116 on each sensor of the sensor
array, and/or the subject’s characteristics. In some embodi-
ments, encoder 142 may include a memory on which one or
more of the following information may be stored for com-
munication to monitor 114: the type of the sensor unit 112;
the wavelengths of light emitted by emitter 116; the par-
ticular wavelength each sensor in the sensor array is moni-
toring; a signal threshold for each sensor in the sensor array;
any other suitable information; or any combination thereof.
In some embodiments, encoder 142 may include an identi-
fying component such as, for example, a radio-frequency
identification (RFID) tag that may be read by decoder 174.
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[0028] In some embodiments, signals from detector 118
and encoder 142 may be transmitted to monitor 114. In the
embodiment shown, monitor 114 may include a general
purpose microprocessor 148, FPGA 146, or both, connected
to an internal bus 150. In some embodiments, monitor 114
may include one or more microprocessors, digital signal
processors (DSPs), or both. Microprocessor 148 may be
adapted to execute software, which may include an operat-
ing system and one or more applications, as part of per-
forming the functions described herein. Also connected to
bus 150 may be a read-only memory (ROM) 126, a random
access memory (RAM) 128, removable memory 124, user
inputs 130, display 120, and speaker 122.

[0029] RAM 128, ROM 126, and removable memory 124
are provided as illustrative examples (e.g., communications
interface 132, flash memory, digital logic array, field pro-
grammable gate array (FPGA), or any other suitable
memory) and are not provided by way of limitation. Any
suitable computer-readable media may be used in the system
for data storage. Computer-readable media are capable of
storing information that can be interpreted by microproces-
sor 148, FPGA 146, or both. This information may be data
or may take the form of computer-executable instructions,
such as software applications, that cause the microprocessor
to perform certain functions and/or computer-implemented
methods. Depending on the embodiment, such computer-
readable media may include computer storage media and
communication media. Computer storage media may
include volatile and non-volatile, writable and non-writable,
and removable and non-removable media implemented in
any method or technology for storage of information such as
computer-readable instructions, data structures, program
modules or other data. Computer storage media may
include, but is not limited to, RAM, ROM, EPROM,
EEPROM, flash memory or other solid state memory tech-
nology, CD-ROM, DVD, or other optical 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 components of the system.

[0030] In the embodiment shown, a time processing unit
(TPU) 158 may provide timing control signals to light drive
circuitry 160, which may control when emitter 116 is
illuminated and multiplexed timing for RED LED 144 and
IR LED 146. TPU 158 may also control the gating-in of
signals from detector 118 through amplifier 162 and switch-
ing circuit 164. These signals are sampled at the proper time,
depending upon which light source is illuminated. In some
embodiments, microprocessor 148, FPGA 146, or both, may
de-multiplex the signal from detector 118 using de-multi-
plexing techniques such as time-division, frequency-divi-
sion, code division, or any other suitable de-multiplexing
technique. In some embodiments, microprocessor 148,
FPGA 146, or both, may perform the functions of TPU 158
using suitable timing signals and multiplexing/de-multiplex-
ing algorithms, and accordingly TPU 158 need not be
included. The received signal from detector 118 may be
passed through amplifier 166, low pass filter 168, and
analog-to-digital converter 170. The digital data may then be
stored in a queued serial module (QSM) 172 (or buffer such
as a first in first out (FIFO) buffer) for later downloading to
RAM 128 as QSM 172 fills up. A window of data may be
selected from the data stored in the buffer for further
processing. In some embodiments, there may be multiple
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separate parallel paths having components equivalent to
amplifier 162, switching circuit 164, amplifier 166, filter
168, and/or A/D converter 170 for multiple light wave-
lengths or spectra received. In some embodiments, a filter
(e.g., an analog filter) may be included (not shown) between
amplifier 162 and switching circuit 164.

[0031] In some embodiments, microprocessor 148 may
determine the subject’s physiological parameters, such as
pulse rate, SpO,, and/or blood pressure, using various algo-
rithms and/or look-up tables based on the value of the
received signals and/or data corresponding to the light
received by detector 118. Signals corresponding to informa-
tion about subject 140, and particularly about the intensity of
attenuated light emanating from a subject’s tissue over time,
may be transmitted from encoder 142 to decoder 174. These
signals may include, for example, encoded information
relating to subject characteristics. Decoder 174 may trans-
late these signals to enable the microprocessor to determine
the thresholds based on algorithms or look-up tables stored
in ROM 126. In some embodiments, user inputs 130 may be
used to enter information, select one or more options,
provide a response, input settings, any other suitable input-
ting function, or any combination thereof. User inputs 130
may be used to enter information about the subject, such as
age, weight, height, diagnosis, medications, treatments, and
so forth. In some embodiments, display 120 may exhibit a
list of values which may generally apply to the subject, such
as, for example, age ranges or medication families, which
the user may select using user inputs 130.

[0032] Calibration device 180, which may be powered by
monitor 114 via a coupling 182, a battery, or by a conven-
tional power source such as a wall outlet, may include any
suitable signal calibration device. Calibration device 180
may be communicatively coupled to monitor 114 via com-
municative coupling 182, and/or may communicate wire-
lessly (not shown). In some embodiments, calibration device
180 is completely integrated within monitor 114. In some
embodiments, calibration device 180 may include a manual
input device (not shown) used by an operator to manually
input reference signal measurements obtained from some
other source (e.g., an external invasive or non-invasive
physiological measurement system). Calibration device 180
may be coupled to one or more components of monitor 114
to calibrate monitor 114.

[0033] Communications interface 132 may enable monitor
114 to exchange information with external devices. Com-
munications interface 132 may include any suitable hard-
ware, software, or both, which may allow physiological
monitoring system 110 (e.g., monitor 114) to communicate
with electronic circuitry, a device, a network, or any com-
binations thereof. Communications interface 132 may
include one or more receivers, transmitters, transceivers,
antennas, plug-in connectors, ports, communications buses,
communications protocols, device identification protocols,
any other suitable hardware or software, or any combination
thereof. Communications interface 132 may be configured
to allow wired communication (e.g., using USB, RS-232,
Ethernet, or other standards), wireless communication (e.g.,
using WiFi, IR, WiMax, BLUETOOTH, UWB, or other
standards), or both. For example, communications interface
132 may be configured using a universal serial bus (USB)
protocol (e.g., USB 2.0, USB 3.0), and may be configured to
couple to other devices (e.g., remote memory devices stor-
ing templates) using a four-pin USB standard Type-A con-
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nector (e.g., plug and/or socket) and cable. In some embodi-
ments, communications interface 132 may include an
internal bus such as, for example, one or more slots for
insertion of expansion cards.

[0034] FIG. 2 is a perspective view of an illustrative
physiological monitoring system 210 in accordance with
some embodiments of the present disclosure. In some
embodiments, one or more components of physiological
monitoring system 210 may include one or more compo-
nents of physiological monitoring system 110 of FIG. 1.
Physiological monitoring system 210 may include sensor
unit 212 and monitor 214. In some embodiments, sensor unit
212 may be part of a continuous, non-invasive blood pres-
sure (CNIBP) monitoring system and/or an oximeter. Sensor
unit 212 may include light source 216 for emitting light at
one or more wavelengths into a subject’s tissue. Detector
218 may also be provided in sensor unit 212 for detecting the
light that is reflected by or has traveled through the subject’s
tissue. Any suitable configuration of light source 216 and
detector 218 may be used. In some embodiments, sensor unit
212 may include multiple light sources and detectors, which
may be spaced apart. Physiological monitoring system 210
may also include one or more additional sensor units (not
shown) that may, for example, take the form of any of the
embodiments described herein with reference to sensor unit
212. An additional sensor unit may be the same type of
sensor unit as sensor unit 212, or a different sensor unit type
than sensor unit 212. Multiple sensor units may be capable
of being positioned at two different locations on a subject’s
body. For example, a first sensor unit may be positioned on
a subject’s forehead, while a second sensor unit may be
positioned at a subject’s fingertip.

[0035] Sensor units may each detect any signal that carries
information about a subject’s physiological state, such as an
electrocardiograph signal, arterial line measurements, or the
pulsatile force exerted on the walls of an artery using, for
example, oscillometric methods with a piezoelectric trans-
ducer. According to another embodiment, physiological
monitoring system 210 may include a plurality of sensors
forming a sensor array in lieu of either or both of the sensor
units. Each of the sensors of a sensor array may be a
complementary metal oxide semiconductor (CMOS) sensor.
Alternatively, each sensor of an array may be a charged
coupled device (CCD) sensor. In some embodiments, a
sensor array may be made up of a combination of CMOS
and CCD sensors. The CCD sensor may comprise a photo-
active region and a transmission region for receiving and
transmitting data whereas the CMOS sensor may be made
up of an integrated circuit having an array of pixel sensors.
In some embodiments, each pixel may have a photodetector
and an active amplifier. In some embodiments, a group of
pixels may share an amplifier. It will be understood that any
type of sensor, including any type of physiological sensor,
may be used in one or more sensor units in accordance with
the systems and techniques disclosed herein. It is understood
that any number of sensors measuring any number of
physiological signals may be used to determine physiologi-
cal information in accordance with the techniques described
herein.

[0036] In some embodiments, light source 216 and detec-
tor 218 may be on opposite sides of a digit such as a finger
or toe, in which case the light that is emanating from the
tissue has passed completely through the digit. In some
embodiments, light source 216 and detector 218 may be
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arranged so that light from light source 216 penetrates the
tissue and is attenuated by the tissue and transmitted to
detector 218, such as in a sensor designed to obtain pulse
oximetry data from a subject’s forehead.

[0037] In some embodiments, sensor unit 212 may be
connected to and draw its power from monitor 214 as
shown. In some embodiments, sensor unit 212 may be
wirelessly connected (not shown) to monitor 214 and may
be powered by an internal power source such as a battery
(not shown). Monitor 214 may be configured to calculate
physiological parameters based at least in part on data
relating to light emission and detection received from one or
more sensor units such as sensor unit 212. For example,
monitor 214 may be configured to determine pulse rate,
respiration rate, respiration effort, blood pressure, blood
oxygen saturation (e.g., arterial, venous, or both), hemoglo-
bin concentration (e.g., oxygenated, deoxygenated, and/or
total), any other suitable physiological parameters, or any
combination thereof. In some embodiments, calculations
may be performed on the sensor units or an intermediate
device and the result of the calculations may be passed to
monitor 214. Further, monitor 214 may include display 220
configured to display the physiological parameters or other
information about the system. In the embodiment shown,
monitor 214 may also include a speaker 222 to provide an
audible sound that may be used in various other embodi-
ments, such as for example, sounding an audible alarm in the
event that a subject’s physiological parameters are not
within predefined range specified by system process require-
ments. In some embodiments, monitor 214 may include a
blood pressure monitor. In some embodiments, the physi-
ological monitoring system 210 may include a stand-alone
blood pressure monitor in communication with the monitor
214 via a cable or a wireless network link. In some embodi-
ments, monitor 214 may be implemented as display 120 of
FIG. 1.

[0038] In some embodiments, sensor unit 212 may be
communicatively coupled to monitor 214 via a cable 224 at
port 236. Cable 224 may include electronic conductors (e.g.,
wires for transmitting electronic signals from detector 218),
optical fibers (e.g., multi-mode or single-mode fibers for
transmitting emitted light from light source 216), any other
suitable components, any suitable insulation or sheathing, or
any combination thereof. In some embodiments, a wireless
transmission device (not shown) or the like may be used
instead of or in addition to cable 224. Monitor 214 may
include a sensor interface configured to receive physiologi-
cal signals from sensor unit 212, provide signals and power
to sensor unit 212, or otherwise communicate with sensor
unit 212. The sensor interface may include any suitable
hardware, software, or both, which may allow communica-
tion between monitor 214 and sensor unit 212.

[0039] In the illustrated embodiment, physiological moni-
toring system 210 includes a multi-parameter physiological
monitor 226. Multi-parameter physiological monitor 226
may include a cathode ray tube display, a flat panel display
(as shown) such as a liquid crystal display (LCD) or a
plasma display, or may include any other type of monitor
now known or later developed. Multi-parameter physiologi-
cal monitor 226 may be configured to calculate physiologi-
cal parameters and to provide a display 228 for information
from monitor 214 and from other medical monitoring
devices or systems (not shown). For example, multi-param-
eter physiological monitor 226 may be configured to display
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pulse rate information from monitor 214, an estimate of a
subject’s blood oxygen saturation generated by monitor 214,
and blood pressure from monitor 214 on display 228.
Multi-parameter physiological monitor 226 may include a
speaker 230.

[0040] Monitor 214 may be communicatively coupled to
multi-parameter physiological monitor 226 via a cable 232
or 234 that is coupled to a sensor input port or a digital
communications port, respectively and/or may communicate
wirelessly (not shown). In addition, monitor 214 and/or
multi-parameter physiological monitor 226 may be coupled
to a network to enable the sharing of information with
servers or other workstations (not shown). Monitor 214 may
be powered by a battery (not shown) or by a conventional
power source such as a wall outlet.

[0041] In some embodiments, physiological monitoring
system 210 may include calibration device 280. Calibration
device 280, which may be powered by monitor 214, a
battery, or by a conventional power source such as a wall
outlet, may include any suitable calibration device. Calibra-
tion device 280 may be communicatively coupled to monitor
214 via communicative coupling 282, and/or may commu-
nicate wirelessly (not shown). In some embodiments, cali-
bration device 280 may be completely integrated within
monitor 214. For example, calibration device 280 may take
the form of any invasive or non-invasive blood pressure
monitoring or measuring system used to generate reference
blood pressure measurements for use in calibrating a CNIBP
monitoring technique as described herein. Such calibration
devices may include, for example, an aneroid or mercury
sphygmomanometer and occluding cuff, a pressure sensor
inserted directly into a suitable artery of a subject, an
oscillometric device or any other device or mechanism used
to sense, measure, determine, or derive a reference blood
pressure measurement. In some embodiments, calibration
device 280 may include a manual input device (not shown)
used by an operator to manually nput reference signal
measurements obtained from some other source (e.g., an
external invasive or non-invasive physiological measure-
ment system).

[0042] Calibration device 280 may also access reference
signal measurements stored in memory (e.g., RAM, ROM,
or a storage device). For example, in some embodiments,
calibration device 280 may access reference blood pressure
measurements from a relational database stored within cali-
bration device 280, monitor 214, or multi-parameter physi-
ological monitor 226. The reference blood pressure mea-
surements generated or accessed by calibration device 280
may be updated in real-time, resulting in a continuous source
of reference blood pressure measurements for use in con-
tinuous or periodic calibration. Alternatively, reference
blood pressure measurements generated or accessed by
calibration device 280 may be updated periodically, and
calibration may be performed on the same periodic cycle or
a different periodic cycle. In some embodiments, reference
blood pressure measurements may be generated when reca-
libration is triggered. For example, recalibration may be
triggered based on a change parameter.

[0043] In some embodiments, any of the processing com-
ponents and/or circuits, or portions thereof, of FIGS. 1 and
2, including sensors 112 and 212 and monitors 114, 214, and
226 may be referred to collectively as processing equipment.
For example, processing equipment may be configured to
amplify, filter, sample and digitize an input signal from
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sensor 112 or 212 (e.g., using an analog-to-digital con-
verter), calculate metrics from the digitized signal, and
trigger a physiological measurement or recalibration. In
some embodiments, all or some of the components of the
processing equipment may be referred to as a module.
[0044] The optical signal attenuated by the tissue can be
degraded by noise, among other sources, and an electrical
signal derived thereof can also be degraded by noise. One
source of noise is ambient light that reaches the light
detector. Another source of noise in an intensity signal is
electromagnetic coupling from other electronic instruments.
Movement of the subject also introduces noise and affects
the signal. For example, the contact between the detector
and the skin, or the emitter and the skin, can be temporarily
disrupted when movement causes either to move away from
the skin. In addition, because blood is a fluid, it responds
differently than the surrounding tissue to inertial and pres-
sure effects, thus resulting in momentary changes in volume
at the point to which the oximeter probe is attached.
[0045] Noise (e.g., from subject movement) can degrade a
sensor signal relied upon by a clinician, without the clini-
cian’s awareness. This is especially true if the monitoring of
the subject is remote, the motion is too small to be observed,
or the clinician is watching the instrument or other parts of
the subject, and not the sensor site. Analog and/or digital
processing of sensor signals (e.g., PPG signals) may involve
operations that reduce the amount of noise present in the
signals or otherwise identify noise components in order to
prevent them from affecting measurements of physiological
parameters derived from the sensor signals.

[0046] It will be understood that the present disclosure is
applicable to any suitable signal and that PPG signals are
used merely for illustrative purposes. Those skilled in the art
will recognize that the present disclosure has wide applica-
bility to other signals including, but not limited to, other
biosignals (e.g., electrocardiograms, electroencephalo-
grams, electrogastrograms, electromyograms, pulse rate sig-
nals, pathological signals, ultrasound signals, near infrared
spectroscopy (NIRS) signals, any other suitable biosignals),
or any combination thereof.

[0047] FIG. 3 shows a flow diagram including illustrative
steps for determining and indicating the proximity of a
process requirement metric to a corresponding system pro-
cess requirement in accordance with some embodiments of
the present disclosure.

[0048] At step 302, a PPG signal is received. In some
embodiments, a monitor, such as monitor 114 of FIG. 1 or
monitors 214 or 226 of FIG. 2, may be used to receive the
PPG signal. In some embodiments, the PPG signal may have
undergone signal processing before being received, such as
any suitable band-pass filtering, adaptive filtering, closed-
loop filtering, any other suitable filtering, or any combina-
tion thereof. In some embodiments, signal processing may
be performed on the PPG signal after it has been received.
It will be understood that step 302 may include receiving any
suitable physiological signal, and it is not limited to receiv-
ing a PPG signal. For example, step 302 may include
receiving a biopotential signal, pressure signal, impedance
signal, temperature signal, acoustic signal, an NIRS signal,
any other suitable physiological signal, or any combination
thereof.

[0049] Step 304 includes determining PPG metrics based
on the PPG signal received at step 302. Metrics may include
suitable signal values, signal morphologies, output values
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from suitable operations performed on the signal or other
metrics, any other suitable mathematical characterizations,
or any suitable combinations thereof. In some embodiments,
metrics may be computed from averaged, filtered, scaled, or
otherwise processed physiological signals. PPG metrics may
specifically characterize the PPG signal, and may be indica-
tive of pulse wave morphology. PPG metrics may include
pulse period, peak to peak amplitude, DC value, percent
modulation, skew of the first derivative of the pulse, path
ratio, any other suitable characterizations, or any combina-
tion thereof. For example, a PPG metric may be the skew of
the derivative of a suitable ensemble average of pulse waves.
The term “pulse wave” as used herein refers to a portion of
a PPG signal corresponding to a physiological pulse. It
should be understood that metrics may be determined based
on any physiological signal received, and are not limited to
PPG metrics based on a PPG signal.

[0050] Step 306 includes determining a process require-
ment metric. A process requirement metric may be indica-
tive of the need to trigger a system process (e.g., an alarm,
a recalibration, a measurement, or any combination thereof).
A process requirement metric may be any suitable metric or
a combination of more than one suitable metrics. Any
suitable technique of combining metrics may be used,
including weighted sums, non-parametric Bayesian esti-
mates, Neural networks, polynomial function estimates, rule
based systems, adaptive rule based systems such as propo-
sitional logic or predicate calculus, modal logic, non-mono-
tonic logic, fuzzy logic, any other suitable means, or com-
bination thereof. For example, a process requirement metric
may be a combination of a pulse period PPG metric, a
percent modulation PPG metric, a skew derivative PPG
metri¢, and a DC value PPG metric. In some embodiments,
a process requirement metric may also be a change in a
metric, for example, a change in a morphology metric
characterizing a physiological signal. As used herein, the
term “process requirement metric” shall be understood to
include within its scope any suitable change in any suitable
metric. It should be understood that a process requirement
metric may be determined based on metrics which charac-
terize any suitable physiological signal, and need not be
determined based on PPG metrics. Additionally, it should be
understood that step 306 may include determining more than
one process requirement metric.

[0051] Step 308 includes determining whether the process
requirement metric determined at step 306 has met or
crossed a corresponding threshold. The corresponding
threshold may be, for example, a default threshold for the
process requirement metric determined at step 306, a pre-
viously determined threshold for the process requirement
metric determined at step 306, a threshold specified by a
clinician, any other suitable threshold, or any combination
thereof. When the process requirement metric reaches a
value that is equal to or has crossed the corresponding
threshold, a system process may be triggered. A system
process may be an alarm, a recalibration, a measurement,
any other suitable system process, or any combination
thereof. For example, the corresponding threshold may be an
upper threshold limit which is used to trigger a measurement
in an NIBP system when the process requirement metric
value meets or crosses the threshold limit. The triggered
measurement may be used, for example, as an updated
measurement for a monitored patient or as a part of a system
recalibration. The corresponding threshold need not be lim-
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ited to an upper threshold limit, but may also refer to a lower
threshold limit for the process requirement metric, or any
other suitable system process requirement, or any combina-
tion thereof. For example, the corresponding threshold may
be a lower threshold limit which is used to trigger an alarm
in a pulse oximetry system when the SpO, value is at or
below the threshold limit. If it is determined that the process
requirement metric has met or crossed the corresponding
threshold at step 308, processing may proceed to step 310,
which includes triggering the system process triggered by
the corresponding threshold. Subsequently, processing may
proceed to steps 312 and 314, which include updating a start
condition and corresponding threshold for the process
requirement metric respectively. A start condition may be a
start value of the process requirement metric, and may be
used to normalize a change in the process requirement
metric. For example, if a start value for a process require-
ment metric is known, a percentage change in the process
requirement metric value may be determined and compared
to a corresponding threshold. The corresponding threshold
updated at step 314 may be updated based on the start
condition updated at step 312. For example, if a start value
of a process requirement metric is updated, a corresponding
threshold may be updated to account for the updated start
value and correctly reflect the necessary process requirement
metric value to trigger a system process. The start condition
and corresponding threshold updated at steps 312 and 314
respectively are processed at steps 316 and 318 respectively.
The corresponding threshold updated at step 314 and pro-
cessed at step 318 may be subsequently used at step 308 to
determine whether or not the process requirement metric has
met or crossed the corresponding threshold. It should be
understood that step 308 may include comparing more than
one process requirement metric determined at step 306 to
more than one corresponding threshold. Additionally, step
310 may include triggering more than one system process
based on more than one corresponding threshold, and steps
312 and 314 may respectively include updating more than
one start condition and more than one threshold correspond-
ing to more than one process requirement metric determined
at step 306.

[0052] If it is determined that the process requirement
metric has not met or crossed the corresponding threshold at
step 308, processing may repeat steps 304 through 308 until
the process requirement metric meets or crosses the corre-
sponding threshold.

[0053] Step 320 includes calculating the proximity of the
process requirement metric to the corresponding threshold.
The proximity may be calculated at step 320 each time the
process requirement metric is determined at step 306. The
start condition for the process requirement metric, updated
at step 312 and processed at step 316, and the corresponding
threshold for the process requirement metric, updated at step
314 and processed at step 318, may be used to calculate the
proximity. For example, the proximity of the process
requirement metric to the corresponding threshold may be
calculated based on a proportion of the change in the process
requirement relative to the start condition of the process
requirement metric. Step 322 includes indicating the prox-
imity calculated at step 320. The proximity may be indi-
cated, for example, on a display such as display 120 of FIG.
1 or displays 220 or 228 of FIG. 2. It should be understood
that step 320 may include calculating more than one prox-
imity of more than one process requirement metric to more

Jun. 7,2018

than one corresponding threshold, and that step 322 may
include indicating more than one proximity calculated at
step 320. It will be understood that steps 302 through 322
may be equally applied to any medical device which
includes processes triggered through a conditional operator
with reference to a threshold value, or any other suitable
system process requirement.

[0054] FIG. 4 shows an illustrative display of a physi-
ological monitor including a bar display for indicating the
proximity of a process requirement metric to a correspond-
ing system process requirement in accordance with some
embodiments of the present disclosure.

[0055] Display 400 is an illustrative physiological monitor
display including exemplary bar display 401 for indicating
the proximity of a process requirement metric to a corre-
sponding system process requirement (e.g., a threshold).
When the process requirement metric reaches a value that is
equal to or has crossed the system process requirement, a
system process (e.g., a recalibration, a measurement, an
alarm, or any combination thereof) may be triggered. For
example, bar display 401 may represent the proximity of a
process requirement metric to a corresponding threshold
which triggers a measurement when the value of the process
requirement metric meets or crosses the corresponding
threshold. The circular indicator to the right of bar display
401 may represent a timed trigger which triggers a system
process if the process requirement metric does not reach a
value that is equal to or exceeds the system process require-
ment within the time limit displayed by the circular indica-
tor. The top and bottom of bar display 401, marked with a
‘+” and a ‘-’ in FIG. 4, may represent current upper and
lower system process requirements respectively. Upper and
lower system process requirements may trigger the same
system process, or may trigger different system processes.
For example, upper and lower system process requirements
may both trigger a measurement via cuff inflation in a
non-invasive blood pressure monitoring system. Grid lines
402 may represent possible values of the process require-
ment metric which the proximity indicated in bar display
401 is based on. The process requirement metric may also
have values which are in between or outside of grid lines
402. Grid lines 402 may allow a user or a clinician to
graphically estimate the value of the process requirement
metric. Grid lines 402 may also allow a user or a clinician
to graphically estimate changes in the proximity of the
process requirement metric to a corresponding system pro-
cess requirement. The center of bar display 401, marked
with a ‘0°, may represent the start condition of the process
requirement metric which the proximity indicated in bar
display 401 is based on. The start condition may be, for
example, a start value of the process requirement metric. The
start value need not be zero, and may be any suitable value
marked by any suitable marker, or not marked at all. The
black indication bar shown at the center of bar display 401
may indicate the current value of the process requirement
metric which the proximity indicated in bar display 401 is
based on. The black indication bar may be located at any
suitable position within bar display 401 to indicate to value
of the process requirement metric, and may change position
as the value of the process requirement metric changes. The
position of the black indication bar may also represent a
change in value of the process requirement metric, and the
change may be calculated with respect to a start value for the
process requirement metric. For example, the black indica-
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tion bar may represent the percentage change in a process
requirement metric. Bar display 401 is merely an exemplary
means of indicating proximity on a physiological monitor
display, such as display 400. In some embodiments, display
400 may be display 120 of FIG. 1 or displays 220 or 228 of
FIG. 2, and may be included in a monitor, for example,
monitor 114 of FIG. 1 or monitors 214 or 226 of FIG. 2. It
should be understood that proximity may be indicated on
any physiological monitor in any suitable manner. For
example, an indication of proximity of a process require-
ment metric to a corresponding system process requirement
may comprise a colored bar display, and the color of the bar
display may be indicative of the magnitude of the proximity.
Additional examples of indicating proximity of a process
requirement metric to a corresponding system process
requirement are shown in FIG. 8 and FIG. 9 of the present
disclosure. It should be understood that indicating proximity
need not include a graphical display. For example, proximity
may be indicated by presenting aural cues. Aural cues may
be presented using a speaker, for example, speaker 122 of
FIG. 1 or speakers 222 or 230 of FIG. 2. In one embodiment,
the pitch of aural cues is based on the proximity. In another
embodiment, aural cues may include tonal beeps, and the
duration of the tonal beeps may be based on the proximity.
[0056] FIG. 5 shows an illustrative multiparametric dis-
play of a physiological monitor including a bar display for
indicating the proximity of a process requirement metric to
a corresponding system process requirement in accordance
with some embodiments of the present disclosure.

[0057] Multiparametric display 500 is an illustrative
physiological monitor display including exemplary bar dis-
play 501 for indicating the proximity of a process require-
ment metric to a corresponding system process requirement
(e.g. a threshold). When the process requirement metric
reaches a value that is equal to or has crossed the system
process requirement, a system process (e.g., a recalibration,
a measurement, an alarm, or any combination thereof) may
be triggered. Bar display 501 may represent, for example,
the proximity of a process requirement metric to a threshold
which triggers a measurement when the value of the process
requirement metric meets or crosses the threshold. The
circular indicator to the right of bar display 501 may
represent a timed trigger which triggers a system process if
the process requirement metric does not reach a value that is
equal to or exceeds the system process requirement within
the time limit displayed by the circular indicator. Bar display
501 as shown in FIG. 5 only occupies a portion of multi-
parametric display 500. It should be understood that this
view is only exemplary, and that bar display 501 may be
displayed in any suitably sized portion of multiparametric
display 500. Display 500 may be included in a monitor, for
example, monitor 114 of FIG. 1 or monitors 214 or 226 of
FIG. 2. It should be understood that bar display 501 is only
an exemplary indication of proximity. Proximity of a process
requirement metric to a corresponding system process
requirement may be indicated in any suitable manner,
including a bar display, a color changing display, aural cues,
any other suitable manner, or any combination thereof.
[0058] FIG. 6 is a flow diagram including illustrative steps
for indicating the proximity of a process requirement metric
to a corresponding system process requirement in accor-
dance with some embodiments of the present disclosure.
[0059] At step 602 a physiological signal is received (e.g.
a PPG signal). In some embodiments, a monitor, such as

Jun. 7,2018

monitor 114 of FIG. 1 or monitors 214 or 226 of FIG. 2, may
be used to receive the physiological signal. In some embodi-
ments, the physiological signal may have undergone signal
processing before being received, such as any suitable
band-pass filtering, adaptive filtering, closed-loop filtering,
any other suitable filtering, or any combination thereof. In
some embodiments, signal processing may be performed on
the physiological signal after it has been received. Step 602
may include receiving any suitable physiological signal, and
it is not limited to receiving a PPG signal. For example, step
602 may include receiving a biopotential signal, pressure
signal, impedance signal, temperature signal, acoustic sig-
nal, NIRS signal, any other suitable physiological signal, or
any combination thereof.

[0060] Step 604 includes determining a change in value of
at least one metric based on the physiological signal
received at step 602. Metrics may include suitable signal
values, signal morphologies, output values from suitable
operations performed on the signal or other metrics, any
other suitable mathematical characterizations, or any suit-
able combinations thereof. In some embodiments, metrics
may be computed from averaged, filtered, scaled, or other-
wise processed physiological signals. For example, a metric
may be heart rate, SpQO,, blood pressure, any other suitable
characteristic, or any combination thereof. Determining a
change in value of a metric may be done with processing
equipment. For example, determining a change in value of
a metric may be done with a metric module. The change in
value of a metric may be determined based on a start
condition of the metric, for example, a start value. For
example, step 604 may include determining a change in
Sp0O,.

[0061] Step 606 includes calculating the proximity of the
change in value of a metric determined in step 604 to a
corresponding threshold. When the change in value meets or
crosses the corresponding threshold, a system process (e.g,,
a recalibration, a measurement, an alarm, or any combina-
tion thereof) may be triggered. For example, step 602 may
include receiving a PPG signal, step 404 may include
determining a change in a peak to peak amplitude metric
based on the received PPG signal and one or more previous
values of the peak to peak amplitude metric, and step 606
may include calculating the proximity of the change to a
corresponding threshold, or any other suitable system pro-
cess requirement, where a measurement is triggered when
the change meets or crosses the corresponding threshold. In
another example, step 602 may include receiving a PPG
signal, step 404 may include determining a change in blood
pressure based on the received PPG signal and one or more
previous values of blood pressure, and step 606 may include
calculating the proximity of the change to a corresponding
threshold, where the corresponding threshold triggers a
recalibration when the change equals or crosses the corre-
sponding threshold. The proximity may be calculated using
processing equipment, for example, a proximity module.

[0062] Step 608 includes indicating the proximity calcu-
lated at step 606. The proximity may be indicated on a
display of a physiological monitor, for example, monitor 114
of FIG. 1 or monitors 214 or 226 of FIG. 2. For example, the
proximity may be indicated by bar display 401 or bar display
501. The proximity may also be indicated, for example, by
aural cues, by a color changing display, by any other suitable
manner of indication, or any combination thereof, and is not
limited to being displayed.
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[0063] FIG. 7 is a block diagram including an illustrative
system for indicating the proximity of a process requirement
metric to a corresponding system process requirement in
accordance with some embodiments of the present disclo-
sure.

[0064] System 700 is an illustrative system which may
indicate the proximity of a process requirement metric to a
corresponding system process requirement (e.g. a thresh-
old). System 700 may include input 702, which may be
configured to receive a physiological signal. Input 702 may
be configured to receive a PPG signal, or any other physi-
ological signal, for example, a biopotential signal, pressure
signal, impedance signal, temperature signal, acoustic sig-
nal, NIRS signal, any other suitable physiological signal, or
any combination thereof. In some embodiments, the physi-
ological signal may have undergone signal processing
before being received by input 702, such as any suitable
band-pass filtering, adaptive filtering, closed-loop filtering,
any other suitable filtering, or any combination thereof. In
some embodiments, signal processing may be performed on
the physiological signal after it has been received by input
702. In some embodiments, input 702 may be a sensor signal
input to a monitor (or any suitable pre-processed sensor
signal input to processing circuitry of a monitor), such as
monitor 114 of FIG. 1 or monitors 214 or 226 of FIG. 2.

[0065] Metric module 704 of system 700 may be coupled
to input 702, and may be configured to determine a value of
a process requirement metric based on the physiological
signal received at input 702. The process requirement metric
may be any metric or combination of metrics, and may
characterize the received physiological signal. Metrics may
include suitable signal values, signal morphologies, output
values from suitable operations performed on the signal or
other metrics, any other suitable mathematical characteriza-
tions, or any suitable combinations thereof. In some embodi-
ments, metrics may be computed from averaged, filtered,
scaled, or otherwise processed physiological signals. Any
suitable means of combining metrics may be used, including
weighted sums, non-parametric Bayesian estimates, Neural
networks, polynomial function estimates, rule based sys-
tems, adaptive rule based systems such as propositional
logic or predicate calculus, modal logic, non-monotonic
logic, fuzzy logic, any other suitable means, or combination
thereof. For example, metric module 704 may determine a
process requirement metric which is a weighted sum of the
pulse period and percent modulation of a received PPG
signal. In some embodiments, metric module 704 may be
any suitable software, hardware, or both configured to
implement the features as described herein. For example,
metric module 704 may be at least partially implemented as
part of a processor such as microprocessor 148 of FIG. 1. In
other embodiments, metric module 704 may be a monitor
such as monitor 114 of FIG. 1 or monitors 214 or 226 of FIG.
2

[0066] Comparison module 706 of system 700 may be
coupled to metric module 704, and may be configured to
compare the value of a process requirement metric to a
corresponding threshold. For example, comparison module
706 may be configured to compare a pulse period metric,
determined by metric module 704 and based on a PPG signal
received by input 702, to a corresponding upper threshold
limit for the pulse period of a PPG signal. In some embodi-
ments, comparison module 706 may be configured to output
a comparison signal based on the comparison. The output
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comparison signal may be useable to trigger a system
process (e.g.. a measurement, a recalibration, an alarm, or
any combination thereof) when the value of the process
requirement metric meets or crosses the corresponding
threshold. In some embodiments, comparison module 706
may be any suitable software, hardware, or both configured
to implement the features as described herein. For example,
comparison module 706 may be at least partially imple-
mented as part of a processor such as microprocessor 148 of
FIG. 1. In other embodiments, comparison module 706 may
be a monitor such as monitor 114 of FIG. 1 or monitors 214
or 226 of FIG. 2.

[0067] Comparison module 706 of system 700 may
include proximity module 708. Proximity module 708 may
be configured to calculate the proximity of a value of a
process requirement metric to a corresponding threshold.
When the process requirement metric reaches a value that is
equal to or has crossed the corresponding threshold, a
system process (e.g., a measurement, a recalibration, an
alarm, or any combination thereof) may be triggered. A
system process may be triggered by a clinician or by any
suitable software, hardware, or both, within or external to,
system 700. For example, in some embodiments system 700
may include a measurement module and a system process
may be triggered by the measurement module. In some
embodiments, the corresponding threshold may be updated
before or after a system process is triggered, for example,
based on the proximity calculated by proximity module 708.
The proximity calculated by proximity module 708 may be
indicated to a user using an output module, such as output
module 710. In some embodiments, proximity module 708
may be any suitable software, hardware, or both configured
to implement the features as described herein. For example,
proximity module 708 may be at least partially implemented
as part of a processor such as microprocessor 148 of FIG. 1.
In other embodiments, proximity module 708 may be a
monitor such as monitor 114 of FIG. 1 or monitors 214 or
226 of FIG. 2.

[0068] Output module 710 may be coupled to comparison
module 706, proximity module 708, or both, and may be
configured to indicate the proximity of a value of a process
requirement metric to a corresponding threshold. The prox-
imity indicated by output module 710 may be the proximity
calculated by proximity module 708. Output module 710
may be configured to indicate proximity on a graphical
display, through the presentation of aural cues, in any other
suitable manner of indication, or any combination thereof. In
some embodiments, output module 710 can be any suitable
software, hardware, or both for providing an indication of
the calculated proximity. For example, output module 710
can be display equipment (e.g., display 120 of FIG. 1 or
displays 220 or 228 of FIG. 2), audio equipment (e.g.,
speaker 122 of FIG. 1 or speakers 222 or 230 of FIG. 2), any
other suitable output device, or any combination thereof. In
some embodiments, more than one process requirement
metric value is determined by metric module 704, each
determined process requirement metric value is compared to
a corresponding threshold by comparison module 706, a
proximity of each process requirement metric value to its
corresponding threshold is calculated by proximity module
708, and one or more of these calculated proximities is
indicated by output module 710. Output module 710 may
choose to indicate one proximity value from multiple cal-
culated proximity values based on magnitude, predefined
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priorities, any other suitable characteristic, or any combina-
tion thereof. Alternatively, output module 710 may indicate
an average of multiple calculated proximity values. For
example, metric module 704 may determine three process
requirement metrics, proximity module 708 may calculate
the proximity of each determined process requirement met-
ric to a corresponding threshold, and output module 710 may
indicate the highest magnitude proximity. However, output
module 710 is not limited to indicating only one proximity
value, and may be configured to indicate multiple calculated
proximity values. In some embodiments, output module 710
may be configured to indicate a trend of proximity values
over time. For example, proximity module 708 may be
configured to calculate proximity values for one or more
values of a process requirement metric to one or more values
of a corresponding threshold, and the resulting proximity
values may be displayed by output module 710 in any
suitable manner, including, for example, a graph of prox-
imity values versus time which displays the trending behav-
ior of the calculated proximity values over time. In some
embodiments, system 700 may be configured to trigger an
alarm when a series of calculated proximity values are
within a predetermined percentage of a corresponding
threshold for a predetermined amount of time. For example,
if a series of proximity values corresponding to the prox-
imity of a patient’s blood pressure to a corresponding
threshold are within five percent of the threshold for a
predetermined time limit of one minute, an alarm may be
triggered.

[0069] FIG. 8 shows an illustrative bar display for indi-
cating the proximity of a process requirement metric to a
corresponding system process requirement in accordance
with some embodiments of the present disclosure.

[0070] Bar display 800 of FIG. 8 is an exemplary way of
indicating the proximity of a process requirement metric to
a corresponding system process requirement (e.g., a thresh-
old). When the process requirement metric reaches a value
that is equal to or has crossed the system process require-
ment, a system process (e.g., a measurement, a recalibration,
an alarm, or any combination thereof) may be triggered.
Proximity may be calculated, for example, by proximity
module 708 of system 700. For example, bar display 800
may indicate the proximity between blood pressure, and an
upper threshold for blood pressure. Top 802 of bar display
800 may represent the current system process requirement
(e.g., threshold) corresponding to the process requirement
metric. For example, top 802 of bar display 800 may
represent an upper threshold which triggers an alarm. Bar
display 800 may include a shaded portion 801, the height of
which may indicate the value of the process requirement
metric. The height of shaded portion 801 may alternatively
indicate the magnitude of proximity to a system process
requirement. Shaded portion 801 may fill from the bottom,
and grow larger as the value of the process requirement
metric increases. Shaded portion 801 may alternatively fill
from the top, increase, decrease, change in any other suitable
manner, or any combination thereof, to indicate the value of
the process requirement. Bar display shaded portion 801
need not use shading to represent the value of the process
requirement metric, but may change in color, width, any
other suitable characteristic, or combination thereof to indi-
cate the value. Bar display 800 may include visual grid lines,
which may be used to estimate the height of shaded portion
801 or the proximity of the process requirement metric to the
corresponding system process requirement. For example, if
bar display 800 represents the proximity of a subject’s blood
pressure to a blood pressure threshold, the proximity of the
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subject’s blood pressure to the corresponding blood pressure
threshold may be estimated by a clinician by looking at the
height of shaded portion 801 in relation to the nearest grid
line and top 802 of bar display 800.

[0071] FIG. 9 shows another illustrative bar display for
indicating the proximity of a process requirement metric to
a corresponding system process requirement in accordance
with some embodiments of the present disclosure.

[0072] Bar display 900 of FIG. 9 is an exemplary way of
indicating the proximity of a process requirement metric to
at least one corresponding system process requirement (e.g,,
a threshold). When the process requirement metric reaches
a value equal to a system process requirement, a system
process (e.g.. a measurement, a recalibration, an alarm, or
any combination thereof) may be triggered. Proximity may
be calculated, for example, by proximity module 708 of
system 700. For example, bar display 900 may indicate the
proximity of a subject’s blood pressure to corresponding
upper and lower blood pressure thresholds. The top of bar
display 900, marked with a ‘+’, may represent an upper
system process requirement which triggers a system process.
Similarly, the bottom of bar display 900, marked with a ‘-,
may represent a lower system process requirement which
triggers a system process. For example, the top of bar
display 900 may represent an upper threshold for blood
pressure which triggers a recalibration when met or crossed,
and the bottom of bar display 900 may represent a lower
threshold for blood pressure which also triggers a recalibra-
tion when met or crossed. Upper and lower system process
requirements need not trigger the same system process, but
may alternatively trigger different system processes. The
center of bar display 900, marked with a ‘0’, may indicate
the start condition of a process requirement metric. The start
condition indicated at the center of bar display 900 may be
a start value. The start condition need not be zero, and may
be any suitable condition marked by any suitable marker, or
not marked at all. For example, the center of bar display 900
may represent an initial blood pressure value. Bar display
900 may include a shaded portion 901, the height of which
may represent the value of the process requirement metric.
Shaded portion 901 may alternatively indicate the magni-
tude of the proximity of the process requirement metric to
the corresponding system process requirement. Shaded por-
tion 901 may start from the start condition at the center of
bar display 900, and may increase towards the top of bar
display 900 as the value of the process requirement metric
increases, or increase towards the bottom of bar display 900
as the value of the process requirement metric decreases.
Shaded bar display portion 901 may alternatively fill,
increase, decrease, change in any other suitable manner, or
any combination thereof to indicate the value of the process
requirement metric. Bar display shaded portion 901 need not
use shading to represent the value of the process requirement
metric, but may change in color, width, height, or any other
suitable characteristic, or combination thereof to indicate the
value. Bar display 900 may include visual grid lines. Visual
grid lines may be used to graphically estimate the height of
shaded portion 901 or the proximity of the process require-
ment metric to the corresponding system process require-
ment. For example, if bar display 900 represents the prox-
imity of blood pressure to upper and lower blood pressure
thresholds, blood pressure may be estimated by a clinician
by looking at the top or bottom of shaded bar display portion
901 in relation to the nearest grid line, the start condition,
and the nearest threshold.

[0073] It will be understood that the steps above are
exemplary and that in some implementations, steps may be
added, removed, omitted, repeated, reordered, modified in
any other suitable way, or any combination thereof.
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[0074] The foregoing is merely illustrative of the prin-
ciples of this disclosure, and various modifications may be
made by those skilled in the art without departing from the
scope of this disclosure. The above-described embodiments
are presented for purposes of illustration and not of limita-
tion. The present disclosure also can take many forms other
than those explicitly described herein. Accordingly, it is
emphasized that this disclosure is not limited to the explic-
itly disclosed methods, systems, and apparatuses, but is
intended to include variations to and modifications thereof.

What is claimed is:

1. A system comprising:

a physiological monitor comprising:

a display; and
a processor configured to:
determine a start condition for a blood pressure
metric of a patient based at least in part on at least
one physiological signal,
determine a change over time in a value of the blood
pressure metric from the start condition,
calculate a proximity of the change in the value of
the blood pressure metric to a recalibration thresh-
old,
initiate recalibration of the physiological monitor in
response to determining that the change in value
meets or crosses the recalibration threshold, and
indicate the proximity on the display.

2. The system of claim 1, further comprising an input
configured to receive the at least one physiological signal
from a physiological sensor coupled to the patient, wherein
the processor is coupled to the input.

3. The system of claim 1, wherein the processor is
configured to determine the change over time in the value of
the blood pressure metric based on a morphology metric of
the at least one physiological signal.

4. The system of claim 1, wherein the at least one
physiological signal comprises a photoplethysmograph sig-
nal, a biopotential signal, a pressure signal, an impedance
signal, a temperature signal, an acoustic signal, a near-
infrared spectroscopy signal, or any combination thereof.

5. The system of claim 4, wherein the processor is
configured to determine the change over time in the value of
the blood pressure metric based on at least one metric
selected from the group consisting of pulse period, peak to
peak amplitude, DC value, percent modulation, skew, path
ratio, and any combination thereof.

6. The system of claim 1, wherein the processor is
configured to trigger an alarm in response to determining
that the value of the blood pressure metric crossed the
recalibration threshold.

7. The system of claim 1, wherein the processor is
configured to initiate recalibration by at least initiating a
measurement of a physiological parameter in response to
determining that the value of the blood pressure metric
crossed the recalibration threshold.

8. The system of claim 1, further comprising a calibration
device, wherein the processor is configured to initiate reca-
libration by causing the calibration device to measure a
physiological parameter.
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9. The system of claim 1, wherein the processor is
configured to indicate the proximity on the display by at
least displaying a bar display that indicates the proximity.

10. The system of claim 9, wherein the bar display
comprises a colored bar display, wherein a color of the bar
display is indicative of the magnitude of the proximity.

11. The system of claim 1, wherein the processor is
configured to indicate the proximity by at least generating a
signal indicative of aural cues.

12. A system, comprising:

a display; and

a processor configured to:

determine a start condition for a blood pressure metric
of a patient based at least in part on at least one
physiological signal,

compare a change in time in a value of the blood
pressure metric from the start condition to a recali-
bration threshold,

output a comparison signal based on the comparison,

trigger a process in response to determining that the
value meets or crosses the recalibration threshold,
and

calculate a proximity of the change in the value of the
blood pressure metric to the recalibration threshold;
and

indicate the proximity on the display.

13. The system of claim 12, further comprising an input
configured to receive the at least one physiological signal
from a physiological sensor coupled to the patient, wherein
the processor is coupled to the input.

14. The system of claim 12, wherein the processor is
configured to determine the change over time in the value of
the blood pressure metric based on a morphology metric of
the at least one physiological signal.

15. The system of claim 12, wherein the processor is
configured to, after triggering the process, update the reca-
libration threshold.

16. The system of claim 12, wherein the at least one
physiological signal comprises a photoplethysmograph sig-
nal, a biopotential signal, a pressure signal, an impedance
signal, a temperature signal, an acoustic signal, a near-
infrared spectroscopy signal, or any combination thereof.

17. The system of claim 16, wherein the processor is
configured to determine the change over time in the value of
the blood pressure metric based on at least one metric
selected from the group consisting of pulse period, peak to
peak amplitude, DC value, percent modulation, skew, path
ratio, and any combination thereof.

18. The system of claim 12, wherein the process com-
prises a measurement of a physiological parameter.

19. The system of claim 12, wherein the processor is
configured to indicate the proximity on the display by at
least displaying a bar display that indicates the proximity.

20. The system of claim 12, wherein the processor is
configured to indicate the proximity by at least generating a
signal indicative of aural cues.
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