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(57) ABSTRACT

According to some embodiments, systems and methods are
provided for non-invasive continuous blood pressure deter-
mination. In some embodiments, a PPG signal is received and
locations of pulses within the PPG signal are identified. An
area within a particular pulse is measured. The area may be of
just the upstroke, downstroke or the entire pulse. The area
may be measured relative to a time-domain axis or a baseline
of'the pulse. The pulse may be split into multiple sections and
the area of each section may be measured. The area of one
portion of the pulse may correspond to systolic blood pres-
sure while the area of another portion may correspond to
diastolic blood pressure. Empirical data may be used to deter-
mine blood pressure from the measured area by applying
calibration data measured by a suitable device.
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SYSTEMS AND METHODS FOR
NON-INVASIVE CONTINUOUS BLOOD
PRESSURE DETERMINATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/242.867, filed on Sep. 30, 2008,
which claims the benefit of U.S. Provisional Application Nos.
61/077,103, filed Jun. 30, 2008, 61/077,130, filed Jun. 30,
2008, and 61/077,132, filed Jun. 30, 2008, each of which is
hereby incorporated by reference herein in its entirety.

SUMMARY

[0002] The present disclosure relates to blood pressure
monitoring and, more particularly, the present disclosure
relates to non-invasive continuous blood pressure (CNIBP)
determination from a photoplethysmograph (PPG) signal.

[0003] Blood pressure of a patient may be determined
based on pulses in a PPG signal. In one implementation,
blood pressure may be determined by, for example, measur-
ing the area under a pulse or a portion of the pulse in the PPG
signal. These measurements may be correlated with empirical
blood pressure data (corresponding to previous blood pres-
sure measurements of the patient or one or more other
patients) to determine the blood pressure (systolic, diastolic
and mean arterial pressure). In some implementations, the
blood pressure may be determined by looking up the area
measurement values in a table (which may be predetermined
and stored in a memory) to get corresponding blood pres-
sures. Alternatively, the blood pressure may be determined by
using any suitable blood pressure-area mapping equation
which is generated based on blood pressure and areca mea-
surements associated with one or more patients. For example,
actually measured samples may be plotted in a graph that
maps blood pressure to area. The graph may be analyzed to
generate a linear-best-fit-line approximation, non-linear best
fit line approximation or other suitable approximation from
which to derive an equation that can be used to determine
blood pressure by plugging in an area measurement.

[0004] Insome embodiments, the area that is used to deter-
mine blood pressure may be the total area of a PPG signal
pulse measured from a starting point of the pulse to the ending
point of the pulse. Alternatively, the area that is used to deter-
mine blood pressure may be the area of the upstroke portion
of'a pulse (e.g., the region starting with the minimum point of
the pulse and ending at the maximum point of the pulse) in a
PPG signal. Each area that is measured and used to determine
blood pressure may be measured relative to a baseline of the
pulse (i.e., a line extending from the starting point of the pulse
to the ending point of the pulse) or the time-domain axis. In
some embodiments, one area of the PPG signal pulse may be
used to determine the systolic blood pressure and another area
of'the PPG signal pulse (i.e., a different portion of the pulse)
may be used to determine the diastolic blood pressure.

[0005] Insome embodiments, the area that is used to deter-
mine blood pressure may be measured from two different
sections of the PPG signal pulse (e.g., an area of an upper
portion of the pulse and an area of a lower portion of the
pulse). For example, the pulse may be split into two separate
sections (e.g., a top and bottom section) along the time
domain axis. Each portion’s area may be measured sepa-
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rately. Each portion’s area may then be used to either deter-
mine the systolic blood pressure or diastolic blood pressure.
[0006] In some embodiments, an average, median, maxi-
mum, minimum or other suitable function of area may be
computed by measuring areas of multiple PPG signal pulses.
For example, a first area of a pulse may be measured followed
by measuring a second area of a subsequent pulse in the PPG
signal. An average may be computed of the two areas of the
pulses and used to determine blood pressure by, for example,
using empirical data (or a suitable equation representing
blood pressure and area) that provides a correspondence
between area of a particular patient and blood pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[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 shows an illustrative CNIBP monitoring sys-
tem in accordance with an embodiment;

[0009] FIG. 2 is a block diagram of the illustrative CNIBP
monitoring system of FIG. 1 coupled to a patient in accor-
dance with an embodiment;

[0010] FIG. 3 is a block diagram of an illustrative signal
processing system in accordance with some embodiments;
[0011] FIG. 4 is an illustrative embodiment of the systems
of FIGS. 1-3 in accordance with some embodiments of the
present disclosure;

[0012] FIG. 5 shows an illustrative PPG signal in accor-
dance with some embodiments of the present disclosure;
[0013] FIGS. 6-9, 10A, and 10B show illustrative pulse
area measurements in accordance with some embodiments of
the present disclosure;

[0014] FIGS. 11A and 11B show illustrative empirical data
in accordance with some embodiments of the present disclo-
sure; and

[0015] FIGS. 12 and 13 illustrate processes performed in
accordance with some embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

[0016] A PPG signal is typically generated by a pulse
oximeter. Pulse oximeters typically measure and display vari-
ous blood flow characteristics including, but not limited to,
the oxygen saturation of hemoglobin in arterial blood.
Oximeters pass light through blood perfused tissue such as a
finger or an ear, and photoelectrically sense the absorption of
light in the tissue. The amount of light absorbed is then used
to calculate the amount of the blood constituent (e.g., oxyhe-
moglobin) being measured.

[0017] 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 constitu-
ent present in the blood. The amount of light passed through
the tissue varies in accordance with the changing amount of
blood constituent in the tissue and the related light absorption.
[0018] It will be understood that the present disclosure is
applicable to any suitable signals 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 bio-
signals (e.g., electrocardiogram, electroencephalogram, elec-
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tro-gastrogram, electromyogram, heart rate signals,
pathological sounds, ultrasound, or any other suitable biosig-
nal), or any combination thereof.

[0019] This disclosure generally relates to blood pressure
determination from a time-domain PPG signal. It should be
understood that the received PPG signal may be digital. For
illustrative purposes, this disclosure will be described in the
context of time-domain PPG signal generated by a pulse
oximeter. It should be understood that the PPG signal may
also be generated by any other suitable device(s) capable of
generating a PPG or any plethysmograph signal.

[0020] An oximeter may include a light sensor that is
placed at a site on a patient, typically a fingertip, toe, forehead
or earlobe, or in the case of a neonate, across a foot. The
oximeter may pass light using a light source through blood
perfused tissue and photoelectrically sense the absorption of
light in the tissue. For example, the oximeter may measure the
intensity of light that is received at the light sensor as a
function of time. 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 the photopl-
ethysmograph (PPG) signal. In addition, the term “PPG sig-
nal,” 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 the amount of the blood constituent (e.g., oxyhemo-
globin) being measured as well as the pulse rate and when
each individual pulse occurs.

[0021] FIG.1 shows an illustrative CNIBP monitoring sys-
tem 10 that may also be used to perform pulse oximetry.
System 10 may include a sensor 12 and a monitor 14. Sensor
12 may include an emitter 16 for emitting light at one or more
wavelengths into a patient’s tissue. A detector 18 may also be
provided in sensor 12 for detecting the light originally from
emitter 16 that emanates from the patient’s tissue after pass-
ing through the tissue.

[0022] According to another embodiment and as will be
described, system 10 may include a plurality of sensors form-
ing a sensor array in lieu of single sensor 12. Each of the
sensors of the sensor array may be a complementary metal
oxide semiconductor (CMOS) sensor. Alternatively, each
sensor of the array may be charged coupled device (CCD)
sensor. In another embodiment, the sensor array may be made
up of'a combination of CMOS and CCD sensors. The CCD
sensor may comprise a photoactive region and a transmission
region forreceiving and transmitting data whereas the CMOS
sensor may be made up of an integrated circuit having an
array of pixel sensors. Each pixel may have a photodetector
and an active amplifier.

[0023] According to an embodiment, emitter 16 and detec-
tor 18 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 an embodiment,
emitter 16 and detector 18 may be arranged so that light from
emitter 16 penetrates the tissue and is reflected by the tissue
into detector 18, such as a sensor designed to obtain pulse
oximetry or CNIBP data from a patient’s forehead, neck
(carotid artery), wrist (radial artery), inside of a thigh (femo-
ral artery), ankle (tibial artery) or around the ear (in front of
the ear). Any other suitable location on a patient’s body may
be used where emitter 16 and detector 18 may be arranged so
that light from emitter 16 penetrates the tissue.
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[0024] Inanembodiment, the sensor or sensor array may be
connected to and draw its power from monitor 14 as shown. In
another embodiment, the sensor may be wirelessly connected
to monitor 14 and include its own battery or similar power
supply (not shown). Monitor 14 may be configured to calcu-
late physiological parameters (e.g., blood pressure) based at
least in part on data received from sensor 12 relating to light
emission and detection. In an alternative embodiment, the
calculations may be performed on the monitoring device
itself and the result of the light intensity reading may be
passed to monitor 14. Further, monitor 14 may include a
display 20 configured to display the physiological parameters
or other information about the system. In the embodiment
shown, monitor 14 may also include a speaker 22 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 patient’s physiological parameters are not within
a predefined normal range.

[0025] In an embodiment, sensor 12, or the sensor array,
may be communicatively coupled to monitor 14 via a cable
24. However, in other embodiments, a wireless transmission
device (not shown) or the like may be used instead of or in
addition to cable 24.

[0026] In the illustrated embodiment, system 10 may also
include a multi-parameter patient monitor 26. The monitor
may be cathode ray tube type, a flat panel display (as shown)
such as a liquid crystal display (LCD) or a plasma display, or
any other type of monitor now known or later developed.
Multi-parameter patient monitor 26 may be configured to
calculate physiological parameters and to provide a display
28 for information from monitor 14 and from other medical
monitoring devices or systems (not shown). For example,
multi-parameter patient monitor 26 may be configured to
display an estimate of a patient’s blood pressure from monitor
14, blood oxygen saturation generated by monitor 14 (re-
ferred to as an “SpO,” measurement), and pulse rate infor-
mation from monitor 14.

[0027] Monitor 14 may be communicatively coupled to
multi-parameter patient monitor 26 via a cable 32 or 34 that is
coupled to a sensor input port or a digital communications
port, respectively and/or may communicate wirelessly (not
shown). In addition, monitor 14 and/or multi-parameter
patient monitor 26 may be coupled to a network to enable the
sharing of information with servers or other workstations (not
shown). Monitor 14 may be powered by a battery (not shown)
or by a conventional power source such as a wall outlet.
[0028] Calibration device 80, which may be powered by
monitor 14, a battery, or by a conventional power source such
as a wall outlet, may include any suitable blood pressure
calibration device. For example, calibration device 80 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 the
CNIBP monitoring techniques described herein. Such cali-
bration devices may include, for example, an aneroid or mer-
cury spygmomanometer and occluding cuft, a pressure sen-
sor inserted directly into a suitable artery of a patient, or any
other device or mechanism used to sense, measure, deter-
mine, or derive a reference blood pressure measurement. In
some embodiments, calibration device 80 may include a
manual input device (not shown) used by an operator to
manually input reference blood pressure measurements
obtained from some other source (e.g., an external invasive or
non-invasive blood pressure measurement system).
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[0029] In accordance with some embodiments, the refer-
ence blood pressure measurements may be used to generate
empirical data for one or multiple patients. In particular, the
reference blood pressure measurements may be used to pro-
vide coefficient information for the equations generated
based on the empirical data that may be used to determine
blood pressure based on an area under a pulse of a PPG signal.
[0030] Calibration device 80 may also access reference
blood pressure measurements stored in memory (e.g., RAM,
ROM, or a storage device). For example, in some embodi-
ments, calibration device 80 may access reference blood pres-
sure measurements from a relational database stored within
calibration device 80, monitor 14, or multi-parameter patient
monitor 26. As described in more detail below, the reference
blood pressure measurements generated or accessed by cali-
bration device 80 may be updated in real-time, resulting in a
continuous source of reference blood pressure measurements
for use in continuous or periodic calibration. Alternatively,
reference blood pressure measurements generated or
accessed by calibration device 80 may be updated periodi-
cally, and calibration may be performed on the same periodic
cycle. In the depicted embodiments, calibration device 80 is
connected to monitor 14 via cable 82. In other embodiments,
calibration device 80 may be a stand-alone device that may be
in wireless communication with monitor 14. Reference blood
pressure measurements may then be wirelessly transmitted to
monitor 14 for use in calibration. In still other embodiments,
calibration device 80 is completely integrated within monitor
14.

[0031] FIG. 2 is a block diagram of a CNIBP monitoring
system, such as system 10 of FIG. 1, which may be coupled to
apatient 40 in accordance with an embodiment. Certain illus-
trative components of sensor 12 and monitor 14 are illustrated
in FIG. 2. Sensor 12 may include emitter 16, detector 18, and
encoder 42. In the embodiment shown, emitter 16 may be
configured to emit at least one wavelength of light (e.g., RED
or IR) into a patient’s tissue 40. For calculating SpO,, emitter
16 may include a RED light emitting light source such as
RED light emitting diode (LED) 44 and an IR light emitting
light source such as IR LED 46 for emitting light into the
patient’s tissue 40. In other embodiments, emitter 16 may
include a light emitting light source of a wavelength other
than RED or IR. In one embodiment, 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. In embodiments where a sensor array is used in place of
single sensor, each sensor may be configured to emit a single
wavelength. For example, a first sensor emits only a RED
light while a second only emits an IR light.

[0032] 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, microwave,
millimeter wave, infrared, visible, ultraviolet, gamma ray or
X-ray electromagnetic radiation. As used herein, light may
also include any wavelength within the radio, microwave,
infrared, visible, ultraviolet, or X-ray spectra, and that any
suitable wavelength of electromagnetic radiation may be
appropriate for use with the present techniques. Detector 18
may be chosen to be specifically sensitive to the chosen
targeted energy spectrum of the emitter 16.

[0033] Inanembodiment, detector 18 may be configured to
detect the intensity of light at the emitted wavelengths (or any
other suitable wavelength). Alternatively, each sensor in the
array may be configured to detect an intensity of a single
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wavelength. In operation, light may enter detector 18 after
passing through the patient’s tissue 40. Detector 18 may
convert the intensity of the received light into an electrical
signal. The light intensity is directly related to the absorbance
and/or reflectance of light in the tissue 40. That is, when more
light ata certain wavelength is absorbed or reflected, less light
of that wavelength is received from the tissue by the detector
18. After converting the received light to an electrical signal,
detector 18 may send the signal to monitor 14, where physi-
ological parameters may be calculated based on the absorp-
tion of one or more of the RED and IR (or other suitable)
wavelengths in the patient’s tissue 40.

[0034] In an embodiment, encoder 42 may contain infor-
mation about sensor 12, such as what type of sensor it is (e.g.,
whether the sensor is intended for placement on a forehead or
digit) and the wavelength or wavelengths of light emitted by
emitter 16. This information may be used by monitor 14 to
select appropriate algorithms, lookup tables and/or calibra-
tion coefficients stored in monitor 14 for calculating the
patient’s physiological parameters.

[0035] Encoder 42 may contain information specific to
patient 40, such as, for example, the patient’s age, weight, and
diagnosis. This information may allow monitor 14 to deter-
mine, for example, patient-specific threshold ranges in which
the patient’s physiological parameter measurements should
fall and to enable or disable additional physiological param-
eter algorithms. This information may also be used to select
and provide coefficients for equations (associated with the
empirical data) from which blood pressure is determined
based on an area under a pulse of a PPG signal. Encoder 42
may, for instance, be a coded resistor which stores values
corresponding to the type of sensor 12 or the type of each
sensor in the sensor array, the wavelength or wavelengths of
light emitted by emitter 16 on each sensor of the sensor array,
and/or the patient’s characteristics. In another embodiment,
encoder 42 may include a memory on which one or more of
the following information may be stored for communication
to monitor 14: the type of the sensor 12; the wavelength or
wavelengths of light emitted by emitter 16; the particular
wavelength each sensor in the sensor array is monitoring; a
signal threshold for each sensor in the sensor array; any other
suitable information; or any combination thereof.

[0036] In an embodiment, signals from detector 18 and
encoder 42 may be transmitted to monitor 14. In the embodi-
ment shown, monitor 14 may include a general-purpose
microprocessor 48 connected to an internal bus 50. Micro-
processor 48 may be adapted to execute software, which may
include an operating system and one or more applications, as
part of performing the functions described herein. Also con-
nected to bus 50 may be a read-only memory (ROM) 52, a
random access memory (RAM) 54, user inputs 56, display 20,
and speaker 22.

[0037] RAM 54 and ROM 52 are illustrated by way of
example, and not 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 microprocessor 48. This information may be
data or may take the form of computer-executable instruc-
tions, such as software applications, that cause the micropro-
cessor to perform certain functions and/or computer-imple-
mented 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, removable and non-
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removable media implemented in any method or technology
for storage of information such as computer-readable instruc-
tions, data structures, program modules or other data. Com-
puter storage media may include, but is not limited to, RAM,
ROM, EPROM, EEPROM, flash memory or other solid state
memory technology, CD-ROM, DVD, or other optical stor-
age, 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.

[0038] In the embodiment shown, a time processing unit
(TPU) 58 may provide timing control signals to a light drive
circuitry 60, which may control when emitter 16 is illumi-
nated and multiplexed timing for the RED LED 44 and the IR
LED 46. TPU 58 may also control the gating-in of signals
from detector 18 through an amplifier 62 and a switching
circuit 64. These signals are sampled at the proper time,
depending upon which light source is illuminated. The
received signal from detector 18 may be passed through an
amplifier 66, a low pass filter 68, and an analog-to-digital
converter 70. The digital data may then be stored in a queued
serial module (QSM) 72 (or buffer) for later downloading to
RAM 54 as QSM 72 fills up. In one embodiment, there may
be multiple separate parallel paths having amplifier 66, filter
68, and A/D converter 70 for multiple light wavelengths or
spectra received.

[0039] In an embodiment, microprocessor 48 may deter-
mine the patient’s physiological parameters, such as blood
pressure, SpO,, and pulse rate, using various algorithms and/
or look-up tables based on the value of the received signals
and/or data corresponding to the light received by detector 18.
For example, microprocessor 48 may generate an equation
that represents empirical data associated with one or more
patients that includes various blood pressure measurements
associated with different areas under a pulse of a PPG signal.
Microprocessor 48 may compute an area under a pulse of a
PPG signal (as discussed in more detail below) that is
received from sensor 12. Microprocessor 48 may apply the
computed area to the equation generated from the empirical
data to determine blood pressure associated with patient 40.
Signals corresponding to information about patient 40, and
particularly about the intensity of light emanating from a
patient’s tissue over time, may be transmitted from encoder
42 to a decoder 74. These signals may include, for example,
encoded information relating to patient characteristics.
Decoder 74 may translate these signals to enable the micro-
processor to determine the thresholds based on algorithms or
look-up tables stored in ROM 52. User inputs 56 may be used
to enter information about the patient, such as age, weight,
height, diagnosis, medications, treatments, and so forth. In an
embodiment, display 20 may exhibit a list of values which
may generally apply to the patient, such as, for example, age
ranges or medication families, which the user may select
using user inputs 56.

[0040] The optical signal through the tissue can be
degraded by noise, among other sources. One source of noise
is ambient light that reaches the light detector. Another source
of noise is electromagnetic coupling from other electronic
instruments. Movement of the patient 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
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effects, thus resulting in momentary changes in volume at the
point to which the sensor or probe is attached.

[0041] Noise (e.g., from patient movement) can degrade a
CNIBP or pulse oximetry signal relied upon by a physician,
without the physician’s awareness. This is especially true if
the monitoring of the patient is remote, the motion is too small
to be observed, or the doctor is watching the instrument or
other parts of the patient, and not the sensor site. Processing
CNIBP or pulse oximetry (i.e., 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 PPG signals.

[0042] CNIBP monitoring system 10 may also include cali-
bration device 80. Although shown external to monitor 14 in
the example of FIG. 2, calibration device 80 may additionally
or alternatively be internal to monitor 14. Calibration device
80 may be connected to internal bus 50 of monitor 14. As
described in more detail below, reference blood pressure
measurements from calibration device 80 may be accessed by
microprocessor 48 for use in calibrating the CNIBP measure-
ments and determining blood pressure from an area under a
pulse and empirical data of one or more patients.

[0043] FIG. 3 is an illustrative processing system 300 in
accordance with an embodiment. In an embodiment, input
signal generator 310 generates an input signal 316. As illus-
trated, input signal generator 310 may include oximeter 320
(or similar device) coupled to sensor 318, which may provide
as input signal 316, a PPG signal. It will be understood that
input signal generator 310 may include any suitable signal
source, signal generating data, signal generating equipment,
or any combination thereof to produce signal 316.

[0044] In an embodiment, signal 316 may be coupled to
processor 312. Processor 312 may be any suitable software,
firmware, and/or hardware, and/or combinations thereof for
processing signal 316. For example, processor 312 may
include one or more hardware processors (e.g., integrated
circuits), one or more software modules, computer-readable
media such as memory, firmware, or any combination
thereof. Processor 312 may, for example, be a computer or
may be one or more chips (i.e., integrated circuits). Processor
312 may perform some or all of the calculations associated
with the blood pressure monitoring methods of the present
disclosure. For example, processor 312 may measure an area
under a pulse of a PPG signal. Processor 312 may correlate
the measured area with empirical data (e.g., blood pressure
computations associated with different area measurements
under a pulse) to determine blood pressure associated with
the measured area. Processor 312 may also perform any suit-
able signal processing of signal 316 to filter signal 316, such
as any suitable band-pass filtering, adaptive filtering, closed-
loop filtering, and/or any other suitable filtering, and/or any
combination thereof. For example, signal 316 may be filtered
one or more times prior to or after identifying characteristic
points in signal 316.

[0045] Processor 312 may be coupled to one or more
memory devices (not shown) or incorporate one or more
memory devices such as any suitable volatile memory device
(e.g., RAM, registers, etc.), non-volatile memory device (e.g.,
ROM, EPROM, magnetic storage device, optical storage
device, flash memory, etc.), or both. Processor 312 may be
coupled to a calibration device (not shown) that may generate
orreceive as input reference blood pressure measurements for
use in calibrating CNIBP calculations.
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[0046] Processor 312 may be coupled to output 314. Output
314 may be any suitable output device such as, for example,
one or more medical devices (e.g., a medical monitor that
displays various physiological parameters, a medical alarm,
or any other suitable medical device that either displays
physiological parameters or uses the output of processor 312
as an input), one or more display devices (e.g., monitor, PDA,
mobile phone, any other suitable display device, or any com-
bination thereof), one or more audio devices, one or more
memory devices (e.g., hard disk drive, flash memory, RAM,
optical disk, any other suitable memory device, or any com-
bination thereof), one or more printing devices, any other
suitable output device, or any combination thereof.

[0047] It will be understood that system 300 may be incor-
porated into system 10 (FIGS. 1 and 2) in which, for example,
input signal generator 310 may be implemented as parts of
sensor 12 and monitor 14 and processor 312 may be imple-
mented as part of monitor 14. In some embodiments, portions
of'system 300 may be configured to be portable. For example,
all or a part of system 300 may be embedded in a small,
compact object carried with or attached to the patient (e.g., a
watch (or other piece of jewelry) or cellular telephone). In
such embodiments, a wireless transceiver (not shown) may
also be included in system 300 to enable wireless communi-
cation with other components of system 10. As such, system
10 may be part of a fully portable and continuous blood
pressure monitoring solution.

[0048] FIG. 4 shows an illustrative embodiment of the sys-
tems of FIGS. 1-3 in accordance with some embodiments.
PPG signal processing system 400 may include a PPG signal
generation instrument 410 (e.g., sensor 12 (FIG. 2)), prepro-
cessing circuitry 420 (e.g., filter 68), pulse detection circuitry
430, a memory 440 (e.g., ROM 52 or RAM 54) and process-
ing circuitry 450 (microprocessor 48). It should be under-
stood that although each component is drawn separately in
FIG. 4, the components may be part of the same device or may
be part of different devices in various combinations. For
example, PPG signal generation instrument 410 and prepro-
cessing circuitry 420 may be implemented by the same cir-
cuitry or device.

[0049] Inputsignal generation instrument 410 generates an
input signal 416. Input signal generation instrument 410 may
include an oximeter (not shown) coupled to sensor 12 (FIG.
2), which may provide a PPG signal as input signal 416. It will
be understood that input signal generation instrument 410
may include any suitable signal source, signal generating
data, signal generating equipment, or any combination
thereofto produce signal 416. Signal 416 may be any suitable
signal or signals, such as, for example, biosignals (e.g., elec-
trocardiogram, electroencephalogram, electrogastrogram,
electromyogram, heart rate signals, pathological sounds,
ultrasound, or any other suitable biosignal), or any combina-
tion thereof.

[0050] Signal 416 may be coupled to preprocessing cir-
cuitry 420. Preprocessing circuitry 420 may be any suitable
software, hardware, or both for processing signal 416. For
example, preprocessing circuitry 420 may include one or
more hardware processors (e.g., integrated circuits), one or
more software modules, memory, or any combination
thereof. Preprocessing circuitry 420 may, for example, be a
computer or may be one or more chips (i.e., integrated cir-
cuits). Preprocessing circuitry 420 may perform any suitable
signal processing of signal 416 to filter signal 416, such as any
suitable band-pass filtering, adaptive filtering, closed-loop
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filtering, any other suitable filtering, or any combination
thereof. Filtering signal 416 may provide a cleaner, more
workable version of the PPG signal by, for example, elimi-
nating high frequency noise components that may be present
in the PPG signal.

[0051] Preprocessing circuitry 420 may be coupled to pulse
detection circuitry 430. Pulse detection circuitry 430 may
determine the locations of pulses within the PPG signal. For
example, as shown in FIG. 5, pulse detection circuitry 430
may receive PPG signal 500, according to an embodiment.
Pulse detection circuitry 430 may identify a local minimum
point 510, local maximum point 512, local minimum point
520, and local maximum point 522 in the PPG signal. Pulse
detection circuitry 430 may pair each local minimum point
with an adjacent maximum point. For example, pulse detec-
tion circuitry 430 may pair points 510 and 512 to identify one
segment, points 512 and 520 to identify a second segment,
points 520 and 522 to identify a third segment and points 522
and 530 to identify a fourth segment. The slope of each
segment may be measured to determine whether the segment
corresponds to an upstroke (e.g., a positive slope) or down-
stroke (e.g., a negative slope) portion of the pulse. The pulse
is defined as a combination of at least one upstroke and one
downstroke. For example, the segment identified by points
510 and 512 and the segment identified by points 512 and 520
may define a pulse.

[0052] According to an embodiment, PPG signal 500 may
include a dichrotic notch 550 or other notches (not shown) in
different sections of the pulse (e.g., at the beginning (referred
to as an ankle notch), in the middle (referred to as a dichrotic
notch), or near the top (referred to as a shoulder notch). Pulse
detection circuitry 430 may identify notches and either ignore
them when detecting the pulse locations. In some embodi-
ments, pulse detection circuitry 430 may compute the second
derivative of the PPG signal to find the local minima and
maxima points and may use this information to determine
locations of, for example, a dichrotic notch. The techniques
performed by pulse detection circuitry 430 are described in
more detail in co-pending, commonly assigned U.S. patent
application Ser. No. 12/242,908, filed Sep. 30, 2008, entitled
“SYSTEMS AND METHODS FOR DETECTING PULSES
IN A PPG SIGNAL,” which is incorporated by reference
herein in its entirety.

[0053] Processing circuitry 450 may be coupled to any
suitable output device such as, for example, one or more
medical devices (e.g., a medical monitor that displays various
physiological parameters, a medical alarm, or any other suit-
able medical device that either displays physiological param-
eters or uses the output of preprocessing circuitry 420 as an
input), one or more display devices 20 (FIG. 2) (e.g., monitor,
PDA, mobile phone, any other suitable display device, or any
combination thereof), one or more audio devices 22, one or
more memory devices 52 or 54 (e.g., hard disk drive, flash
memory, RAM, optical disk, any other suitable memory
device, or any combination thereof), one or more printing
devices, any other suitable output device, or any combination
thereof.

[0054] Processing circuitry 450 may measure and compute
one or more areas of the pulses detected by pulse detection
circuitry 430. Processing circuitry 450 may measure the area
by a suitable a mathematical function (e.g., an integration
operation) to the pulse. Alternatively, processing circuitry
450 may measure the area by comparing the shape of a pulse
area to a similar known shape (e.g., triangle, trapezoid, rect-
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angle or circle) from which area can be computed. Processing
circuitry 450 may use the measured areas to calculate the
blood pressure. For example, processing circuitry 450 may
use empirical data (e.g., by way of an equation that represents
a patient among a class of patients in the empirical data) to
determine a blood pressure associated with measured area. In
particular, one patient may have an area that maps to one
blood pressure while another patient may have the same area
map to a different blood pressure (e.g., different patients may
have different curves associated with their blood pressure-
area mappings). Calibrating the system by way of calibration
device 80 may enable processing circuitry 450 to select the
equation or empirical data that is appropriate for the patient
being examined. Processing circuitry 450 may alternatively
perform a look-up of a particular area measurement in a table
to determine a corresponding blood pressure.

[0055] FIGS. 6-10 show exemplary PPG signal pulse areas
600-1000B that may be computed by processing circuitry 450
in accordance with some embodiments. In particular, each
pulse 600-1000B shows a different area that may be measured
and used to determine blood pressure. Although only one
pulse is shown and described below in the context of the
disclosure, it should be understood that the areas of multiple
pulses may be measured and used to determine blood pres-
sure by, for example, using the median, maximum, minimum,
average, or any other suitable function of multiple pulse area
measurements.

[0056] In some embodiments, the area of a pulse may be
measured relative to a baseline of the pulse. Pulse 600 is
illustrative of an embodiment. Pulse 600 includes a starting
point 610, an ending point 620 and a baseline 630 which is
represented by a line segment connecting the starting and
ending points of the pulse (FIG. 6). Area 640 may be the area
of the entire pulse (between points 610 and 620) relative to
baseline 630. The measured value of area 640 may be used to
determine systolic and diastolic blood pressure. Processing
circuitry 450 may be used to measure this area and compute
blood pressure from the measured area. A similar area of one
or more subsequent pulses may also be measured relative to
baseline 630 or relative to their respective baselines. The
mean, max, min, average or some other suitable value may be
computed between the one or more areas (i.c., the area of the
first pulse and the areas of one or more subsequent pulses).
Processing circuitry 450 may use the mean, max, min, aver-
age or other suitable value that is computed to determine
blood pressure.

[0057] In some embodiments, the area of a PPG signal
pulse may be measured relative to a time-domain axis. Pulse
700 is illustrative of an embodiment. Pulse 700 includes a
starting point 710 and an ending point 720 (FIG. 7). Area 730
is the area of the entire pulse 700 (between points 710 and
720) relative to a constant valued baseline defined by a mini-
mum value of the pulse or alternatively, the time-domain axis.
A similar area of one or more subsequent pulses may be
measured relative to similar, subsequently derived constant
valued baseline. The mean, max, min, average or some other
suitable value may be computed between the multiple areas
(i.e., the area of the first pulse and the areas of one or more
subsequent pulses) by processing circuitry 450. Processing
circuitry 450 may use the mean, max, min, average or other
suitable value that is computed to determine blood pressure.
[0058] In some embodiments, the area of an upstroke or
downstroke of a PPG signal pulse may be measured relative to
a constant valued baseline or time-domain axis of the pulse.
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Pulse 800 is illustrative of an embodiment. Pulse 800 includes
a starting point 810, ending point 820 and maximum point
840. Area 830 of the pulse represents the area of the pulse
corresponding to the upstroke of the pulse (e.g., the area
between the starting point 810 of the pulse and the maximum
point 840 of pulse 800 relative to a constant valued baseline
with an amplitude value having the same value as point 810).
Similarly, an area of the pulse corresponding to the down-
stroke of the pulse may be measured (e.g., the area between
the maximum point 840 and the ending point 820 of pulse 800
relative to the constant valued baseline with an amplitude
value having the same value as point 820). The area of one or
more subsequent upstrokes or downstrokes of one or more
pulses may also be measured relative to the similarly derived
constant valued baseline. The mean, max, min, average or
some other suitable value may be computed between the
multiple areas (i.e., the area of the upstroke or downstroke of
the first pulse and the areas of the upstrokes or downstrokes
one or more subsequent pulses) by processing circuitry 450.
Processing circuitry 450 may use the mean, max, min, aver-
age or other suitable value that is computed to determine
blood pressure.

[0059] In some embodiments, the area of an upstroke or
downstroke of the pulse may be measured relative to a base-
line of the pulse. Pulse 900 is illustrative of an embodiment.
Area 950 may be measured from the portion under pulse 900
between baseline 940, maximum point 930 and starting point
910. Area 950 may represent the area ofthe pulse correspond-
ing to the upstroke of the pulse relative to the baseline. Simi-
larly, an area of the pulse corresponding to the downstroke of
the pulse may be measured for an area covered between the
line extending from maximum point 930 and ending point
920. The area of one or more subsequent upstrokes or down-
strokes of one or more pulses may also be measured relative
to baseline 940 or their respective baselines. The mean, max,
min, average or some other suitable value may be computed
between the multiple areas (i.e., the area of the upstroke or
downstroke of the first pulse and the areas of the upstrokes or
downstrokes one or more subsequent pulses) by processing
circuitry 450. Processing circuitry 450 may use the mean,
max, min, average or other suitable value that is computed to
determine blood pressure.

[0060] In some embodiments, a PPG signal pulse may be
split into different sections and the area of each section may
be used to determine either the systolic blood pressure or the
diastolic blood pressure. For example, pulse 10004 is split
into two sections. The pulse may be split along segment 1070
which may extend from an approximate midpoint of the
upstroke of the pulse (a point between the starting point 1010
and maximum point 1060) to an approximate midpoint of the
downstroke of the pulse (a point between maximum point
1060 and end point 1020).

[0061] Although segment 1070 extending from the mid-
point is drawn parallel to baseline 1040, it should be under-
stood that segment 1070 may be drawn at any angle relative to
baseline 1040 without departing from the scope of this dis-
closure. It should also be understood, that although segment
1070 is shown and described as extending from the midpoint
of the upstroke of the pulse, segment 1030 may extend from
any point along the upstroke of the pulse to any point along
the downstroke of the pulse to split the pulse into two sec-
tions. For example, the pulse may be split with a segment
drawn from the starting point of a dichrotic or some other
notch in the pulse parallel to the baseline or some with some
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other suitable slope. It should also be understood that the
areas of each section of the split pulse may be measured
relative to the time-domain axis as discussed above.

[0062] Thearea1030 ofa first section may be measured and
the area 1050 of a second section may be measured. Area
1030 corresponding to the upper section of the pulse may be
used to determine systolic blood pressure while area 1050
corresponding to the lower section of the pulse may be used to
determine diastolic blood pressure. It should be understood
that alternatively, the upper section may be used to determine
diastolic blood pressure and the lower section may be used to
determine systolic blood pressure.

[0063] In some embodiments, the pulse may be split into
three sections and the areas of two of the three sections may
be measured and used to determine blood pressure. For
example, two segments may be drawn one extending from
slightly above the midpoint and one extending from slightly
below the midpoint forming an upper section and a lower
section separated by a middle section. The areas of the upper
section and lower sections may be used to determine blood
pressure while the middle section may be ignored. Alterna-
tively, any combination of two of the three sections may be
measured and used to determine blood pressure.

[0064] The areas of multiple pulses and their respective
sections may be similarly measured and a mean, median,
average, maximum, or some other suitable value may be
computed between the multiple respective areas. Processing
circuitry 450 may use the mean, max, min, average or other
suitable value that is computed to determine blood pressure.

[0065] Insomeembodiments, pulse 1000B may be filtered
such that the pulse is aligned along the time-domain axis as
shown in FIG. 10B. In particular, a filter or some other suit-
able technique may be applied to pulse 1000B to cause the
portion of the pulse that is above the segment 1080 (corre-
sponding to segment 1070) extending from the midpoint of
the pulse to be positioned above the time-domain axis (such
that it corresponds to positive amplitudes) and the section
below the midpoint to be positioned below the time-domain
axis (such that it corresponds to negative amplitudes). The
area of the upper pulse section may be measured and used to
determine systolic blood pressure and the area of the lower
pulse section may be measured and used to determine dias-
tolic blood pressure. Alternatively, the area of the upper pulse
section may be measured and used to determine diastolic
blood pressure and the area of the lower pulse section may be
measured and used to determine systolic blood pressure. This
may simplify measuring areas of multiple pulses because all
of'the positive areas of the multiple pulses may correspond to
the upper pulse sections and all of the negative areas of the
multiple pulses may correspond to the lower pulse sections. A
mean, max, median, min, or some other suitable value may
more easily be computed from the multiple area measure-
ments. Processing circuitry 450 may use the mean, max, min,
average or other suitable value that is computed to determine
blood pressure.

[0066] In some embodiments, the blood pressure may be
determined from the measured area based on empirical data.
For example, memory 440 (FIG. 4) may store values (samples
taken by invasive or non-invasive blood pressure techniques)
associated with one or more patients that map PPG signal
pulse areas to blood pressure values. These are known as the
empirical data. The empirical data may be based on previous
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blood pressure measurements of the patient currently being
measured and/or blood pressure measurements of a particular
group of patients.

[0067] The empirical data stored in the memory may be
used to derive an equation (e.g., a linear or non-linear best fit
approximation) that represents a mapping of blood pressure
to area measurement as shown in FIGS. 11a-b, according to
embodiments. The equation may be derived by, for example,
drawing a straight or curved line through the sample values
that correspond to a particular class of patients. In particular,
FIG. 11a shows blood pressure values for a particular patient
versus pulse area values (in arbitrary units) corresponding to
area 600 (FIG. 6) (entire pulse area relative to a baseline).
FIG. 1156 shows blood pressure values for a particular patient
versus area values (in arbitrary units) corresponding to area
950 (FIG. 9) (pulse upstroke area relative to a baseline).
Although FIGS. 11 and 115 show blood pressure values for a
particular patient, values may similarly be provided on the
graphs for multiple patients of a class or group of patients.
More specifically, relationships between changes in area and
blood pressure may be known and used to determine the
particular blood pressure based on the measured area in ques-
tion. In an alternative embodiment, blood pressure may be
determined by looking up a particular area measurement in a
table that maps areas to blood pressures. Performing a look-
up to determine the blood pressure may make it unnecessary
to compute the blood pressure through an equation or for-
mula.

[0068] For example, empirical data for multiple patients
can be used to determine a general relationship between
blood pressure and area of a PPG signal pulse. The general
relationship may be a linear equation with various coeffi-
cients. The linear equation may be used to determine the
blood pressure of a patient used to form the equation or any
other patient. An initial calibration may be performed on a
particular patient to determine which linear or non-linear
approximation applies to the particular patient and also to
compute various coefficients of the equation which may be a
linear or non-linear approximation of the empirical data.

[0069] The graphs shown in FIGS. 11a and 115 may be
used to determine the blood pressure of a particular patient
based on the measured area. For example, a PPG signal for a
particular patient may be received. The pulse locations may
be determined and the area under a portion or the entire pulse
may be measured. In some embodiments, the actual blood
pressure may be measured using known techniques in order to
determine which of the approximations shown in FIGS. 11a
and 1156 are most appropriate to apply to the patient being
measured. This is understood as the initial measurements that
are used as the coefficients of the equations or functions that
approximate the sample values shown in the graphs.

[0070] In particular, some patients may have an area that
fits one blood pressure while others may have the same area fit
a different blood pressure. These patients may form different
groups and it may be necessary to determine to which group
a particular patient being measured belongs. This may be
done by comparing the actual blood pressure reading (re-
ceived from known techniques such as using the auscultatory
method, oscillometric method (automated NIBP), arterial
line method, tonometric method, differential pulse transit
time method or auscultation oscillometric method) with the
area, or areas, measured corresponding to the particular
patient. This comparison may be compared to data from other
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patients and used to identify a particular line approximation
based on the patient group having the closest approximation.
[0071] For example, a patient being measured may have an
actual blood pressure reading of 44 and an area measured to
be 580. Looking at the graph (e.g., FIG. 11a), for an area of
580 there may be several different blood pressure readings
and thus several linear or non-linear approximations. Accord-
ingly, the approximation that is selected for future use for the
patient being measured may be the approximation closest to
the blood pressure reading of 44 with an area of 580. The
coefficients may be derived corresponding to the approxima-
tion and used for future blood pressure determination based
on area measurement without using known techniques such
as the auscultatory method.

[0072] Although only two different types of graphs are
shown in FIGS. 11a and 115, it should be understood that any
number of different graphs may be generated or used each
corresponding to a different type of area measurement. For
example, a graph may correspond to the area measurement of
just the upstroke or downstroke relative to a baseline, another
graph may correspond to the area measurement of just the
upstroke or downstroke relative to an axis, another graph may
correspond to the area measurement of the entire pulse rela-
tive to a baseline, and another graph may correspond to the
area measurement of the entire pulse relative to an axis. As
stated above, one graph or linear or non-linear approximation
or equation may be used for determining diastolic blood
pressure while another may be used to determine systolic
blood pressure.

[0073] In an alternative embodiment, the relationship
between measured areas and blood pressures may be derived
using historical or empirical data. For example, the formulae
for the lines of FIGS. 11a and 115 may be derived from
historical data (e.g., arterial line data, pulse area data or cali-
bration data). A line of choice may then be calculated for a
particular subject from their area measurements in conjunc-
tion with pressures measured by calibration device 80. Con-
tinuous blood pressure may then be calculated from, for
example, solely subsequently measured areas using the for-
mula.

[0074] FIG. 12 illustrates a process 1200 performed by
processing circuitry 450 in accordance with some embodi-
ments. The processes performed by processing circuitry 450
illustrated in FIG. 12 will be described with continued refer-
ences to PPG signals 600-1000 (FIGS. 6-10).

[0075] Atstep 1210, locations of pulses in a PPG signal are
received. For example, pulse detection circuitry 430 (FIG. 4)
may provide to processing circuitry 450 the starting, ending,
minimum and maximum points of each pulse, downstroke or
upstroke in the PPG signal. Processing circuitry 450 may use
this information to process and compute characteristics (e.g.,
area) of a particular pulse.

[0076] At step 1220, an area under a portion of a pulse is
measured. For example, processing circuitry 450 may mea-
sure areas of different sections of the pulse in order to deter-
mine blood pressure. Some sections of the pulse may provide
better correlation to blood pressure than others. Processing
circuitry 450 may use the pulse locations received from pulse
detection circuitry 430 to measure areas.

[0077] For example, in some embodiments, processing cir-
cuitry 450 may measure the area 640 of the entire pulse
relative to baseline 630 (FIG. 6). In some embodiments, pro-
cessing circuitry 450 may measure the areca 730 of the entire
pulse relative to the time-domain axis (e.g., x-axis) (FI1G. 7).
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In some embodiments, processing circuitry 450 may measure
area 830 of the upstroke portion of the pulse relative to the
time-domain axis (e.g., x-axis) (FIG. 8). In some embodi-
ments, processing circuitry 450 may measure area 950 of the
upstroke or downstroke portion of the pulse relative to base-
line 940 (FIG. 9). In some embodiments, processing circuitry
450 may measure two or more areas 1050 and 1030 of the
pulse relative to baseline 1040 (FIGS. 10A and 10B).

[0078] At step 1230, blood pressure may be determined
based at least in part on the measured area. Processing cir-
cuitry 450 may use the measured area to determine the blood
pressure. In some embodiments, processing circuitry 450
may apply an equation or function (i.e., representing previ-
ously stored sample values to area mappings) to the measured
area to determine blood pressure. Processing circuitry 450
may determine the blood pressure from the measured area
based on empirical data. Alternatively, processing circuitry
450 may lookup the measured area in a predetermined table to
find the corresponding blood pressure measurement.

[0079] It should also be understood that the area being
measured may be in any arbitrary unit. It may be desired to
have the unit used for measuring area for one patient be the
same as the unit used for generating the linear or non-linear
approximations.

[0080] It may be desirable to combine different area mea-
surements to determine different blood pressures (e.g., sys-
tolic or diastolic). For example, it may be desirable to mea-
sure the area under the entire pulse to determine systolic
blood pressure and measure the area just under the upstroke
portion of the pulse to determine diastolic blood pressure.
Alternatively, it may be desirable to measure the area under
the entire pulse to determine diastolic blood pressure and
measure the area just under the upstroke portion of the pulse
to determine systolic blood pressure.

[0081] FIG. 13 illustrates a process 1300 performed by
processing circuitry 450 in accordance with some embodi-
ments. The processes performed by processing circuitry 450
illustrated in FIG. 13 will be described with continued refer-
ences to PPG signals 600-1000 (FIGS. 6-10).

[0082] At step 1310, start and end points of a pulse are
identified. For example, pulse detection circuitry 430 (FI1G. 4)
may provide to processing circuitry 450 starting point 610
and ending point 620 of pulse 600 in the PPG signal. Process-
ing circuitry 450 may use this information to process and
compute characteristics (e.g., area) of a particular pulse.
[0083] At step 1320, one or more areas between the start
and end points of the pulse are identified. For example, pro-
cessing circuitry 450 may identify area 640 of the entire pulse
relative to baseline 630 (FIG. 6). In some embodiments, pro-
cessing circuitry 450 may identify area 730 of the entire pulse
relative to the time-domain axis (e.g., x-axis) (FIG. 7). In
some embodiments, processing circuitry 450 may identify
area 830 of the upstroke portion of the pulse relative to the
time-domain axis (e.g., x-axis) (FIG. 8). In some embodi-
ments, processing circuitry 450 may identify area 950 of the
upstroke or downstroke portion of the pulse relative to base-
line 940 (FIG. 9). In some embodiments, processing circuitry
450 may identify two or more areas 1050 and 1030 of the
pulse relative to baseline 1040 (FIGS. 10A and 10B). In some
implementations, the area identified by processing circuitry
450 may correspond to the systolic or diastolic blood pressure
of'a patient. Processing circuitry 450 may identify a particular
area of interest depending on a desired blood pressure deter-
mination.
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[0084] At step 1330, an area value is computed for each of
the one or more areas. For example, processing circuitry 450
may compute an area of an upper portion, lower portion, or
both relative to a time-domain or a baseline using, for
example, integration techniques. Any other suitable geomet-
ric or trigonometric function or technique may be applied to
measure the area of one or more sections of the pulse. The
measured area value may be stored in memory 440 for later
use (FIG. 4).
[0085] At step 1340, an area-to-blood pressure mapping is
determined based on prior blood pressure measurements. For
example, calibration device 80 may be used to sample or
measure through invasive or non-invasive techniques actual
blood pressure for one or more patients and a corresponding
area of a particular pulse (FIG. 2). The blood pressure mea-
sured by calibration device 80 and corresponding pulse area
may be stored in RAM 52 or ROM 54 and may be mapped to
a graph (e.g., FIGS. 11A and 11B). Processing circuitry 450
may generate an equation or function that represents the
samples measured by calibration device 80 (e.g., a straight-
line, linear or non-linear approximation) (FIG. 2).
[0086] Additionally, calibration device 80 may be used to
measure any necessary coefficient values in the equation or
function. For example, one equation or function may be better
suited for one class of patients than another. Accordingly,
calibration device 80 may provide coefficients to processing
circuitry 450 in order to make the equation or function more
appropriate to a particular patient. Alternatively, processing
circuitry 450 generate a table that represents the mapping of
the blood pressures and areas measured or sampled by cali-
bration device 80 and store the table in memory 440 (FIG. 4).
[0087] At step 1350, the mapping is applied to each of the
computed area values to determine blood pressure. For
example, processing circuitry 450 may retrieve one of the
functions or equations from the memory and apply the com-
puted areas to the functions or equations to determine the
blood pressure(s) that corresponds to the computed area(s).
Alternatively, processing circuitry 450 may look up in a
stored table a particular computed area and determine the
corresponding blood pressure measurement.
[0088] The foregoing is merely illustrative of the principles
of this disclosure and various modifications can be made by
those skilled in the art without departing from the scope and
spirit of the disclosure. The following numbered paragraphs
may also describe various aspects of the disclosure.
What is claimed is:
1. A method for determining blood pressure based on a
physiological signal, the method comprising:
receiving the physiological signal;
identifying, using processing circuitry, a first point and a
second point of the physiological signal;
measuring, using the processing circuitry, an area under a
segment of the physiological signal, wherein the seg-
ment begins at the first point and ends at the second
point, wherein the segment is a portion of a pulse in the
physiological signal, and wherein the portion is smaller
than the pulse; and
determining, using the processing circuitry, blood pressure
based on the measured area.
2. The method of claim 1 wherein the measured area is an
area under the segment of the physiological signal relative to
a baseline of the pulse.
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3. The method of claim 1 wherein the measured area is an
area under the segment of the physiological signal relative to
a temporal axis.

4. The method of claim 1 wherein the segment of the
physiological signal corresponds to an upstroke of the pulse.

5. The method of claim 1 wherein the segment of the
physiological signal corresponds to a downstroke of the
pulse.

6. The method of claim 1 wherein the blood pressure is
determined based on empirical data that relates to a patient or
at least one other patient.

7. The method of claim 1 wherein the blood pressure is
determined based on calibration data.

8. The method of claim 1 wherein the blood pressure is
determined by applying a function to the measured area to
compute the blood pressure or looking up a corresponding
blood pressure value associated with the measured area in a
table.

9. The method of claim 1, wherein the blood pressure is one
of systolic blood pressure and diastolic blood pressure.

10. The method of claim 1, wherein the physiological
signal is a photoplethysmograph signal.

11. A system for determining blood pressure based on a
physiological signal, the system comprising:

processing circuitry configured to:

receive the physiological signal;

identify a first point and a second point of the physiologi-
cal signal;

measure an area under a segment of the physiological
signal, wherein the segment begins at the first point
and ends at the second point, wherein the segment is a
portion of a pulse in the physiological signal, and
wherein the portion is smaller than the pulse; and

determine blood pressure based on the measured area.

12. The system of claim 11 wherein the measured area is an
area under the segment of the physiological signal relative to
a baseline of the pulse.

13. The system of claim 11 wherein the measured area is an
area under the segment of the physiological signal relative to
a temporal axis.

14. The system of claim 11 wherein the segment of the
physiological signal corresponds to an upstroke of the pulse.

15. The system of claim 11 wherein the segment of the
physiological signal corresponds to a downstroke of the
pulse.

16. The system of claim 11 wherein the processing cir-
cuitry is configured to determine the blood pressure based on
empirical data that relates to a patient or at least one other
patient.

17. The system of claim 11 wherein the processing cir-
cuitry is configured to determine the blood pressure based on
calibration data.

18. The system of claim 11 wherein the processing cir-
cuitry is configured to determine the blood pressure by apply-
ing a function to the measured area to compute the blood
pressure or looking up a corresponding blood pressure value
associated with the measured area in a table.

19. The system of claim 11, wherein the blood pressure is
one of systolic blood pressure and diastolic blood pressure.

20. The system of claim 11, wherein the physiological
signal is a photoplethysmograph signal.
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