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Description

[0001] The present disclosure relates to systems and
methods for analyzing physiological signals and, more
particularly, the present disclosure relates to systems
and methods for deriving and analyzing skewness met-
rics from physiological signals.
[0002] US 5533511 A describes a method for deter-
mining a patient’s blood pressure comprising the step of
storing an initial input representing a patient’s absolute
blood pressure, noninvasively sensing at least one phys-
iological function of the patient, and evaluating the initial
input and the sensed input to determine the blood pres-
sure. The shape of a physiological signal may hear on
both measurement quality and patient status. For exam-
ple, pulses in a high quality photoplethysmograph (PPG)
signal in an oximetry system are often characterized by
a sharp downstroke at the beginning of a pulse wave,
followed by an upstroke of shorter duration. The time
derivative of such a PPG signal is an undulating wave-
form with both positive and negative parts. The negative
parts, corresponding to the sharp downstroke, may reach
relatively high values as compared to the magnitude of
the positive parts corresponding to the more gradual up-
stroke. The characteristics of pulses within a PPG signal
may be used, for example, in blood pressure measure-
ments, and therefore, the quality of the measurement
may depend on the shape of the PPG signal pulses. By
using a metric to quantify the shape of a PPG derivative
signal, or any physiological signal, measurement quality
can he monitored and used to improve the operation of
patient monitoring devices.
[0003] One such metric is the skewness of the signal,
which generally refers to the asymmetry of a signal
around its mean or average value. Such a metric cap-
tures, for example, the initial high-magnitude negative
portion and subsequent low-magnitude positive portion
of a pulse of the PPG time derivative signal. Other skew-
ness metrics that capture this shape may include the ratio
of the positive area or peak of the PPG time derivative
signal to the negative area or peak of the PPG time de-
rivative signal, or the ratio of the duration of the upstroke
to the duration of the downstroke of the PPG signal.
[0004] A skewness measure of a signal may be used
to identify short- or long-term changes in the morphology
of the signal. For example, the skewness of a PPG time
derivative signal may be compared to that measured at
a calibration point or a previously recorded characteristic
skewness (for example the mean or median skewness
during a prior time period). A transient, or short-term,
change in skewness may indicate a region of noise in
the signal where the measurements should be ignored
or treated appropriately in a filtering operation (e.g., given
a lower weighting in an average). A long-term change in
skewness may indicate a change in signal morphology,
which in turn may indicate a change in, for example, pa-
tient posture or blood vessel compliance.
[0005] Additionally, a skewness measure may be ad-

vantageously employed in continuous, non-invasive
blood pressure (CNIBP) monitoring systems that esti-
mate blood pressure based at least in part on a differential
pulse transit time (DPTT) determination. The DPTT,
which measures the difference in arrival times of a car-
diac pulse between two body sites, may be used through
a known relationship of the change in DPTT with blood
pressure to determine the instantaneous blood pressure
of a patient subsequent to a calibration measure from a
calibration device. Measuring DPTT may be based at
least in part on the use of two sensors, each placed at
one of the two body sites. Comparing skewness meas-
ures between the signals received at each of the two
sensors may, for example, reveal when noise is adverse-
ly affecting one channel, or when, for example, a patient
has undergone a change in condition which manifests in
different signal shape changes at the two channels.
[0006] Deriving and analyzing shape metrics, including
skewness metrics, from physiological signals in the man-
ner described herein allows determinations of measure-
ment quality, physiological changes, and monitoring sys-
tem operating conditions to be made. Such determina-
tions may be used for any number of functions, including
indicating to a patient or care provider that the measure-
ment quality is low or unacceptable, alerting a patient or
care provider to a change in patient status, triggering or
delaying a recalibration of a monitoring device, adjusting
the operating parameters of a monitoring system, any
other suitable function, or any combination thereof.

Brief Description of the Drawings

[0007] The above and other features of the present
disclosure, its nature and various advantages will be
more apparent upon consideration of the following de-
tailed description, taken in conjunction with the accom-
panying drawings in which:

FIGS. 1A-1B depict an illustrative photoplethysmo-
graph (PPG) signal and its time derivative signal,
respectively, in accordance with an embodiment;
FIG. 2 shows an illustrative patient monitoring sys-
tem in accordance with an embodiment;
FIG. 3 is a block diagram of an illustrative patient
monitoring system coupled to a patient in accord-
ance with an embodiment;
FIG. 4 is a block diagram of an illustrative signal
processing system in accordance with an embodi-
ment;
FIG. 5 is a flow diagram of illustrative steps involved
in patient monitoring utilizing a measurement quality
assessment in accordance with an embodiment; and
FIGS. 6-7 are flow diagrams of illustrative steps in-
volved in recalibration initiation processes, each in
accordance with an embodiment.
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Detailed Description

[0008] Electronic patient monitors play a critical role in
medical diagnosis and treatment, both inside and outside
the clinical setting. Such monitors are often able to detect
changes in a patient’s physiological function that may
indicate a dangerous condition before noticeable symp-
toms occur. In particular, monitors that analyze a pa-
tient’s physiological signals can often perform calcula-
tions that uncover dangerous conditions that are difficult
for a human clinician to detect from displayed signals
alone.
[0009] There are many factors that determine the effi-
cacy of a patient monitoring system. One of these factors
is the quality of the physiological measurement or meas-
urements at the monitoring device from the patient. A
high quality measurement is one that communicates use-
ful information about the underlying physiological proc-
ess of interest. The quality of the measurement resulting
from a received electronic signal can be degraded by,
for example, electromagnetic coupling from other elec-
tronic instruments, movement of the patient, and envi-
ronmental factors that interfere with the connection be-
tween the patient and the monitoring device.
[0010] Another factor that contributes to the efficacy of
a patient monitoring system is the accuracy of the rela-
tionship between the electronic signal received at a mon-
itoring device and the physiological process itself. This
relationship is often referred to as the "calibration" and
may be stored within the monitoring device. In an em-
bodiment, the patient monitoring system is a CNIBP sys-
tem that provides blood pressure readings based at least
in part on measurements of a differential pulse transit
time (DPTT), which is the difference in the arrival times
of a cardiac pulse at two or more body sites. Such mon-
itoring systems may include two or more sensors, each
located at one of the two or more body sites, respectively.
However, this stored relationship may not always be ac-
curate, decreasing the usefulness of the monitoring sys-
tem. Monitoring devices are often recalibrated by com-
parison with a calibration device that serves as a known
reference. For example, calibrating a CNIBP system may
include making two DPTT measurements and comparing
the change in DPTT against calibration measures from
a calibration device using a known relationship between
the change in DPTT and blood pressure. Recalibrations
may be performed according to a fixed schedule. In one
suitable approach, a monitoring device may be recali-
brated when the monitored physiological process under-
goes a change (e.g., when a patient changes position).
[0011] While the present disclosure is predominantly
described in the context of a CNIBP monitoring system,
it will be understood that the present disclosure may be
applied to any other suitable physiological monitoring
systems, such as pulse oximetry systems, ECG systems,
any other suitable system, or any combination thereof.
[0012] Changes in the shape of a physiological signal
waveform may communicate information about both

measurement quality and the need for recalibration. For
example, changes in the shape of a waveform may sug-
gest the introduction of a new noise source into the mon-
itoring environment, indicating decreased measurement
quality. Such a change may also suggest that recalibra-
tion be delayed until an improvement in measurement
quality is detected. Changes in the shape of a waveform
may also result when, for example, a patient is given a
drug which alters their physiological state, requiring a
recalibration of the monitoring device. Accordingly, there
is a need for monitoring devices that employ computa-
tionally-efficient metrics for determining changes in
shape of signal waveforms and that use this information
to perform monitoring operations. The methods and sys-
tems described herein address these needs by determin-
ing skewness values of physiological signals and using
these skewness values to initiate the recalibration of the
device. Additionally, the techniques described herein
provide methods and systems that adjust monitoring and
recalibration parameters based at least in part on shape-
based measurement quality metrics.
[0013] The methods and systems of the present dis-
closure will be illustrated with reference to the monitoring
of a photoplethysmograph (PPG) signal; however, it will
be understood that the disclosure is not limited to moni-
toring PPG signals and is usefully applied within a
number of patient monitoring settings. FIGS. 1A-1B de-
pict an illustrative photoplethysmograph (PPG) signal
102 and its time derivative signal 108, respectively. Such
signals may arise from, for example, an oximetry system.
An oximetry system 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. 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 PPG signal. In addition, the term
"PPG signal," as used herein, may also refer to an ab-
sorption signal (i.e., representing the amount of light ab-
sorbed by the tissue) or any suitable mathematical ma-
nipulation thereof. The time derivative of the PPG signal
may also be of interest, and the term "PPG time derivative
signal" will be used herein. In an embodiment, the PPG
signal and/or the PPG time derivative signal may be used
to calculate the amount of the blood constituent (e.g.,
oxyhemoglobin) being measured as well as the pulse
rate and when each individual pulse occurs.
[0014] A high quality PPG signal may be characterized
by a sharp initial downstroke, corresponding to the be-
ginning of a single pulse wave (e.g., the portion of PPG
signal 102 between point 106 and point 110 in the plot
100 of FIG. 1A). Typical PPG signals from a healthy pa-
tient may go up and down once per pulse, or may have
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a small dicrotic notch (e.g., notch 104) on the upstroke,
on the downstroke, in the middle, or adjacent to the pulse.
The initial downstroke may drop quickly to a trough, then
may rise to a maximum value on an upstroke that extends
over a longer period of time (e.g., the portion of PPG
signal 102 between point 110 and point 112). Conse-
quently, the time derivative of such a waveform may in-
clude an initial portion with a highly negative initial am-
plitude, corresponding to the steep downstroke (e.g, in
plot 106 of FIG. 1B, the portion of PPG time derivative
signal 108 between point 116 and point 122, with highly
negative initial peak 114), followed by a second portion
with a positive amplitude of lower amplitude, correspond-
ing to the gradual upstroke (e.g., the portion of PPG time
derivative signal 108 between point 122 and point 118).
Such signals are often well-characterized by a skewness
metric. Skewness metrics generally measure the asym-
metry of a signal around a mean or average value. Skew-
ness metrics may be advantageously applied to PPG sig-
nals and PPG time derivative signals to characterize the
degree of asymmetry and hence the shape of such sig-
nals.
[0015] FIG. 2 shows an illustrative patient monitoring
system 10. System 10 may include a sensor unit 12 and
a monitor 14. In an embodiment, sensor unit 12 is part
of a continuous, non-invasive blood pressure (CNIBP)
monitoring system and includes sensors 16 and 18 po-
sitioned at two different locations on a subject’s body. In
some embodiments, the signal obtained from the single
sensor or probe may take the form of a PPG signal ob-
tained, for example, from a CNIBP monitoring system or
pulse oximeter. Sensors 16 and 18 may each detect any
signal that carries information about a patient’s physio-
logical state, such as an electrocardiograph signal, arte-
rial line measurements, or the pulsatile force exerted on
the walls of an artery using, for example, oscillometric
methods with a piezoelectric transducer. According to
another embodiment, system 10 may include a plurality
of sensors forming a sensor array in lieu of either or both
of sensors 16 and 18. Although only two sensors 16 and
18 are illustrated in the sensor unit 12 of FIG. 3, it is
understood that any number of sensors measuring any
number of physiological signals may be used to assess
patient status in accordance with the techniques de-
scribed herein.
[0016] In an embodiment, sensors 16 and 18 are com-
bined within a single sensor capable of detecting a single
signal. In an embodiment, this sensor may be a pulse
oximeter. In this embodiment, sensor unit 12 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 photo-
electrically 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.
The light intensity or the amount of light absorbed may
then be used to calculate physiological measurements,

including blood pressure (BP). Techniques for obtaining
BP measurements from oximetry data are described in
more detail in co-pending, commonly assigned U.S. Pat-
ent Application No. 12/242,867, filed September
30,2008, entitled "SYSTEMS AND METHODS FOR
NON-INVASIVE CONTINUOUS BLOOD PRESSURE
DETERMINATION", published as US 2009/326393 A1
and co-pending, commonly assigned U.S. Patent Appli-
cation No.12/242,738, filed September 30,2008, entitled
"LASER SELF-MIXING SENSORS FOR BIOLOGICAL
SENSING", published as US 2010/081940 A1.
[0017] In an embodiment, sensor unit 12 may include
a laser Doppler sensor. Techniques for obtaining infor-
mation about blood pressure from self-mixed laser Dop-
pler sensors are described in more detail in co-pending,
commonly assigned U.S. Patent Application
No.12/242,738, filed September 30, 2008, entitled "LA-
SER SELF-MIXING SENSORS FOR BIOLOGICAL
SENSING".
[0018] It will be understood that the present disclosure
is applicable to any suitable signals that communicate
information about an underlying physiological process.
It will be understood that the signals may be digital or
analog. Moreover, it will be understood that the present
disclosure has wide applicability to signals including, but
not limited to other biosignals (e.g., electrocardiogram,
electroencephalogram, electrogastrogram, phonocardi-
ogram, electromyogram, pathological sounds, ultra-
sound, or any other suitable biosignal), or any combina-
tion thereof. For example, the techniques of the present
disclosure could be applied to monitoring pathological
sounds or arterial (or venous) pressure fluctuations.
[0019] In an embodiment, sensor unit 12 may be con-
nected to and draw its power from monitor 14 as shown.
In another embodiment, sensor unit 12 may be wirelessly
connected to monitor 14 and include its own battery or
similar power supply (not shown). In an embodiment,
sensor unit 12 may be communicatively coupled to mon-
itor 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. In an
embodiment, system 10 may include a second sensor
unit 13, which may take the form of any of the embodi-
ments described herein with reference to sensor unit 12.
For example, sensor unit 13 may include two sensors 15
and 19. Sensor unit 13 may be the same type of sensor
unit as sensor unit 12, or sensor unit 13 may be of a
different sensor unit type than sensor unit 12.
[0020] Monitor 14 may be configured to calculate phys-
iological parameters (e.g., heart rate and blood pressure)
based at least in part on data received from sensor unit
12. In an alternative embodiment, the calculations may
be performed on the monitoring device itself and the re-
sult of the calculations may be passed to monitor 14.
Further, monitor 14 may include a display 20 configured
to display the physiological parameters or other informa-
tion about the system. In the embodiment shown, monitor
14 may also include a speaker 22 to provide an audible
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sound that may be used in various other embodiments
to be discussed further below, such as for example,
sounding an audible alarm in the event that a patient’s
physiological parameters are not within a predefined nor-
mal range. Monitor 14 may also include a measurement
quality indicator, such as a graphic or text in display 20
or a tone or message via speaker 22.
[0021] In the illustrated embodiment, system 10 may
also include a multi-parameter patient monitor 26. The
monitor 26 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 be any other type of
monitor now known or later developed. Multi-parameter
patient monitor 26 may be configured to calculate phys-
iological parameters and to provide a display 28 for in-
formation from monitor 14 and from other medical mon-
itoring 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 mon-
itor 14 (referred to as an "SpO2" measurement), and
pulse rate information from monitor 14. Monitor 26 may
include a speaker 30, and may include a measurement
quality indicator as discussed above with reference to
monitor 14.
[0022] 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 commu-
nications 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.
[0023] Calibration device 80, which may be powered
by monitor 14 via a cable 82, a battery, or by a conven-
tional power source such as a wall outlet, may include
any suitable physiological signal calibration device. Cal-
ibration device 80 may be communicatively coupled to
monitor 14 via cable 82, and/or may communicate wire-
lessly (not shown). For example, calibration device 80
may take the form of any invasive or non-invasive phys-
iological monitoring or measuring system used to gener-
ate reference physiological measurements for use in cal-
ibrating a monitoring device. For example, calibration de-
vice 80 may take the form of a blood pressure monitoring
system, and may include, for example, an aneroid or mer-
cury sphygmomanometer and occluding cuff, a pressure
sensor inserted directly into a suitable artery of a patient,
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 80 may include a manual input device
(not shown) used by an operator to manually input ref-
erence physiological measurements obtained from some
other source (e.g., an external invasive or non-invasive
physiological measurement system).

[0024] Calibration device 80 may also access refer-
ence measurements stored in memory (e.g., RAM, ROM,
or a storage device). As described in more detail below,
the reference blood pressure measurements generated
or accessed by calibration 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 pres-
sure measurements generated or accessed by calibra-
tion device 80 may be updated periodically, and calibra-
tion may be performed on the same periodic cycle. In the
depicted embodiments, calibration device 80 is connect-
ed 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. Ref-
erence blood pressure measurements may then be wire-
lessly transmitted to monitor 14 for use in calibration. In
still other embodiments, calibration device 80 is com-
pletely integrated within monitor 14. For example, in
some embodiments, calibration device 80 may access
reference measurements from a relational database
stored within calibration device 80, monitor 14, or multi-
parameter patient monitor 26. As described in additional
detail below, calibration device 80 may be responsive to
an electronic recalibration signal, which may initiate the
calibration of monitor 14 or may communicate recalibra-
tion information to calibration device 80 (e.g., a recali-
bration schedule). Calibration may be performed at any
suitable time (e.g., once initially after monitoring begins)
or on any suitable schedule (e.g., a periodic or event-
driven schedule). In an embodiment, calibration may be
initiated or delayed based at least in part on a measure-
ment quality assessment or a recalibration initiation as-
sessment of an electronic signal representing a physio-
logical process.
[0025] FIG. 3 is a block diagram of a patient monitoring
system 200, such as system 10 of FIG. 2, which may be
coupled to a patient 40 in accordance with an embodi-
ment. Certain illustrative components of sensor unit 12
and monitor 14 are illustrated in FIG. 3.
[0026] Sensor unit 12 may include encoder 42. In an
embodiment, encoder 42 may contain information about
sensor unit 12, such as what type of sensors it includes
(e.g., whether the sensor is a pressure transducer or a
pulse oximeter). This information may be used by monitor
14 to select appropriate algorithms, lookup tables and/or
calibration coefficients stored in monitor 14 for calculating
the patient’s physiological parameters.
[0027] Encoder 42 may contain information specific to
patient 40, such as, for example, the patient’s age,
weight, and diagnosis. This information about a patient’s
characteristics may allow monitor 14 to determine, for
example, patient-specific threshold ranges in which the
patient’s physiological parameter measurements should
fall and to enable or disable additional physiological pa-
rameter algorithms. This information may also be used
to select and provide coefficients for equations from
which BP and other measurements may be determined
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based at least in part on the signal or signals received at
sensor unit 12. For example, some pulse oximetry sen-
sors rely on equations to relate an area under a pulse of
a photoplethysmograph (PPG) signal to determine BP.
These equations may contain coefficients that depend
upon a patient’s physiological characteristics as stored
in encoder 42. In some embodiments, encoder 42 may
include a memory or a coded resistor which stores one
or more of the following types of information for commu-
nication to monitor 14: the types of sensors included in
sensor unit 12; the wavelength or wavelengths of light
used by an oximetry sensor when included in sensor unit
12; a signal threshold for each sensor in the sensor array;
any other suitable information; or any combination there-
of. Encoder 42 may also include information about the
recalibration requirements of the sensors included in sen-
sor unit 12, including any one of a nominal frequency of
recalibration and preferred recalibration conditions.
[0028] In an embodiment, signals from sensor unit 12
and encoder 42 may be transmitted to monitor 14. In the
embodiment shown, monitor 14 may include a general-
purpose microprocessor 48 connected to an internal bus
50. Microprocessor 48 may be adapted to execute soft-
ware, which may include an operating system and one
or more applications, as part of performing the functions
described herein. Also connected 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.
[0029] RAM 54 and ROM 52 are illustrated by way of
example, and not limitation. Any suitable computer-read-
able media may be used in the system for data storage.
Computer-readable media are capable of storing infor-
mation that can be interpreted by microprocessor 48.
This information may be data or may take the form of
computer-executable instructions, such as software ap-
plications, that cause the microprocessor to perform cer-
tain functions and/or computer-implemented methods.
Depending on the embodiment, such computer-readable
media may include computer storage media and com-
munication media. Computer storage media may include
volatile and non-wlatile, removable and non-removable
media implemented in any method or technology for stor-
age of information such as computer-readable instruc-
tions, data structures, program modules or other data.
Computer storage media may include, but is not limited
to, RAM, ROM, EPROM, EEPROM, flash memory or oth-
er solid state memory technology, CD-ROM, DVD, or oth-
er 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 de-
sired information and which can be accessed by compo-
nents of the system.
[0030] In the embodiment shown, a time processing
unit (TPU) 58 may provide timing control signals to a
stimulus drive 17, which may control when a stimulus is
used to apply a signal to the patient, the response to
which communicates information about the patient’s
physiological processes. For example, stimulus drive 17

may be an light emitter in an oximetry configuration.
Techniques for obtaining physiological measurements
by inducing perturbations in a patient via a stimulus drive
are described in more detail in co-pending, commonly
assigned U.S. Patent Application No. 12/248,738, filed
October 9, 2008, entitled "SYSTEMS AND METHODS
USING INDUCED PERTURBATION TO DETERMINE
PHYSIOLOGICAL PARAMETERS". TPU 58 may also
control the gating-in of signals from sensor unit 12
through an amplifier 62 and a switching circuit 64. The
received signal or signals from sensor unit 12 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 con-
verter 70 for multiple sensors included in sensor unit 12.
[0031] In an embodiment, microprocessor 48 may de-
termine the patient’s physiological parameters, such as
BP, using various algorithms and/or look-up tables based
at least in part on the value of the received signals and/or
data from sensor unit 12. For example, when sensor unit
12 includes an oximetry sensor, microprocessor 48 may
generate an equation that represents empirical data as-
sociated with one or more patients that includes various
BP measurements associated with different areas under
a pulse of a PPG signal. Signals corresponding to infor-
mation about patient 40 may be transmitted from encoder
42 to a decoder 74. These signals may include, for ex-
ample, encoded information relating to patient charac-
teristics. Decoder 74 may translate these signals to en-
able the microprocessor to determine the thresholds
based at least in part 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.
[0032] Patient monitoring system 10 may also include
calibration 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. Cal-
ibration device 80 may be connected to internal bus 50
of monitor 14. As described above, reference measure-
ments from calibration device 80 may be accessed by
microprocessor 48 for use in calibrating the sensor meas-
urements and determining physiological signals from the
sensor signal and empirical data of one or more patients.
[0033] As discussed above, the signal from the patient
can be degraded by noise, among other sources. One
source of noise is electromagnetic coupling from other
electronic instruments. Movement of the patient also in-
troduces noise and affects the signal. For example, the
contact between the sensor and the skin can be tempo-
rarily disrupted when movement causes either to move
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away from the skin. Another source of noise is ambient
light that reaches the light detector in an oximetry system.
[0034] Noise (e.g., from patient movement) can de-
grade a sensor signal relied upon by a care provider,
without the care provider’s awareness. This is especially
true if the monitoring of the patient is remote, the motion
is too small to be observed, or the care provider is watch-
ing the instrument or other parts of the patient, and not
the sensor site. Processing sensor signals may involve
operations that reduce the amount of noise present in
the signals or otherwise identify noise components in or-
der to prevent them from affecting measurements of
physiological parameters derived from the sensor sig-
nals.
[0035] FIG. 4 is an illustrative processing system 300
in accordance with an embodiment. In an embodiment,
input signal generator 310 generates an input signal 316.
As illustrated, input signal generator 310 includes pre-
processor 320 coupled to sensing device 318. 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 pro-
duce signal 316. Signal 316 may be a single signal, or
may be multiple signals transmitted over a single path-
way or multiple pathways.
[0036] Pre-processor 320 may apply one or more sig-
nal processing techniques to the signal generated by
sensing device 318. For example, pre-processor 320
may apply a pre-determined transformation to the signal
provided by the sensing device 318 to produce an input
signal 316 that can be appropriately interpreted by proc-
essor 312. Pre-processor 320 may also perform any of
the following operations to the signal provided by the
sensing device 318: reshaping the signal for transmis-
sion; multiplexing the signal; modulating the signal onto
carrier signals; compressing the signal; encoding the sig-
nal; and filtering the signal.
[0037] In the embodiment of FIG. 4, signal 316 is 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 ex-
ample, processor 312 may include one or more hardware
processors (e.g., integrated circuits), one or more soft-
ware modules, computer-readable media such as mem-
ory, 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, for
example, be configured of analog electronic compo-
nents. Processor 312 may perform some or all of the
calculations associated with the recalibration initiation
and measurement quality monitoring methods of the
present disclosure. For example, processor 312 may
compute a skewness value of a received signal and com-
pare this skewness value to a threshold. Processor 312
may also generate a suitable recalibration signal, a suit-
able measurement quality signal, or both, and transmit
these signals to calibration device 80 and display 20,
respectively. Processor 312 may also perform any suit-

able signal processing 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. Processor 312 may also re-
ceive input signals from additional sources (not shown).
For example, processor 312 may receive an input signal
containing information about treatments provided to the
patient. These additional input signals may be used by
processor 312 in any of the calculations or operations it
performs in accordance with the patient monitoring sys-
tem 300.
[0038] 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. In
an embodiment, processor 312 may store physiological
measurements or previously received data from signal
316 in a memory device for later retrieval. In an embod-
iment, processor 312 may store calculated values, such
as skewness values, in a memory device for later retriev-
al.
[0039] Processor 312 may determine the locations of
pulses within the signal 316. For example, processor 312
may identify within the PPG signal of FIG. 1A, local min-
imum point 103, local maximum point 106, local minimum
point 110, and local maximum point 112 in the PPG sig-
nal. Processor 312 may pair points to define segments.
Processor 312 may pair each local minimum point with
a following, adjacent maximum point. For example, proc-
essor 312 430 may pair points 103 and 106 to identify
one segment and points 110 and 112 to identify a second
segment. The location and slope of a segment may be
measured to determine what portion of the pulse the seg-
ment corresponds to, for example an upstroke (e.g., a
positive slope) or downstroke (e.g., a negative slope) por-
tion of the pulse. The pulse is defined as a combination
of at least one upstroke and one downstroke. For exam-
ple, the segment identified by points 103 and 106 and
the segment identified by points 106 and 110 may define
a pulse.
[0040] Processor 312 may also identify additional
characteristic points within the signal 316. According to
an embodiment, PPG signal 102 may include a dicrotic
notch 104 or other notches (not shown) in different sec-
tions of the pulse. For example, a notch may occur, at
the beginning of a pulse (referred to as an ankle notch),
in the middle of a pulse (referred to as a dicrotic notch),
or near the top of a pulse (referred to as a shoulder notch).
Pulse detection techniques performed by processor 312
are described in more detail in co-pending, commonly
assigned U.S. Patent Application No. 12,202,948, filed
September 30,2008, entitled "SYSTEMS AND METH-
ODS FOR DETECTING PULSES".
[0041] In an embodiment, processor 312 derives and
analyzes a shape metric from signal 316 to detect chang-
es in the shape of the waveform. In an embodiment, proc-
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essor 312 may identify individual pulses using any of the
techniques described herein, then derive and analyze
the shape metric from each individual pulse. The shape
metric may be a skewness metric. A skewness metric
generally measures the asymmetry of a signal around its
mean or average value. Such embodiments are dis-
cussed in additional detail below with reference to FIGS.
5-7.
[0042] Processor 312 may be coupled to a calibration
device 80 that may generate or receive as input reference
measurements for use in calibrating calculations. This
coupling may occur through recalibration signal 319 and
recalibration output 314, and may occur through addi-
tional signal pathways not shown. In an embodiment, rec-
alibration output 314 is connected to or in communication
with calibration device 80 and is capable of transmitting
a command to calibration device 80 to a recalibration
procedure. Recalibration output 314 may simply pass
recalibration signal 319 to calibration device 80, or may
transform the information in recalibration signal 319 into
a form suitable for calibration device 80.
[0043] Processor 312 may be coupled to measure-
ment quality output 324, between which measurement
quality signal 322 may be communicated. Measurement
quality output 324 may be any suitable output device such
as, for example, one or more medical devices (e.g., a
medical monitor that displays various physiological pa-
rameters, 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 combination
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 combi-
nation thereof), one or more printing devices, any other
suitable output device, or any combination thereof. In an
embodiment, measurement quality signal 322 may in-
clude any one or more of a measurement quality value
representative of current measurements, past measure-
ments, identification of a noise source, a low measure-
ment quality alert, and a current physiological measure-
ment. In some embodiments, measurement quality sig-
nal 322 may be stored in a memory device or recorded
in another physical form for future, further analysis.
[0044] In an embodiment, measurement quality signal
322 may be transmitted to recalibration output 314. Rec-
alibration output 314 may then transmit a command to
calibration device 80 based at least in part on measure-
ment quality signal 322. In an embodiment, recalibration
signal 319 may be is generated by the processor 312
based at least in part on a measurement quality value,
the measurement quality signal 322, or both.
[0045] It will be understood that system 300 may be
incorporated into system 10 (FIGS. 2 and 3) in which, for
example, input signal generator 310 may be implement-
ed as parts of sensor 12 and monitor 14 and processor
312 may be implemented 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, 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 communication with
other components of system 10. As such, system 10 may
be part of a fully portable and continuous patient moni-
toring solution.
[0046] FIG. 5 is a flow diagram of illustrative steps in-
volved in patient monitoring utilizing a measurement
quality assessment in accordance with an embodiment.
Process 500 may be performed by processor 312, or may
be performed by any suitable processing device commu-
nicatively coupled to monitor 14. At step 502, a first elec-
tronic signal is received. This first electronic signal may
be representative of a physiological process, and may
be generated by sensor unit 12, which may itself include
any of the number of physiological sensors described
herein. The received first signal may be signal 316, which
may be generated by a pre-processor 320 coupled be-
tween processor 312 and sensing device 318. The re-
ceived first signal may include multiple signals, for ex-
ample, in the form of a multidimensional vector signal or
a frequency- or time-multiplexed signal. Additionally, the
first electronic signal received in step 502 may be a de-
rived signal generated internally to processor 312. Ac-
cordingly, the first received signal may be a transforma-
tion of a signal 316, or may be a transformation of multiple
such signals. For example, the first electronic signal may
be a ratio of two signals. The first received signal may
be based at least in part on past values of a signal, such
as signal 316, which may be retrieved by processor 312
from a memory such as a buffer memory or RAM 54.
[0047] Once a first electronic signal is received at step
502, a first measurement quality value of the received
first signal may be calculated based at least in part on a
shape metric at step 504. In an embodiment, a shape
metric may be applied to a single pulse or multiple pulses.
In an embodiment, a shape metric may be applied to a
portion of the first electronic signal within a time window.
Generally, "time window" may be used to refer to either
an interval of time, a number of pulses, or a combination
of the two. The time window over which the shape metric
is applied may include past values of the first electronic
signal. The shape metric may be any quantification of
the shape or change in shape of the first electronic signal
or a transformation of the first electronic signal. In an
embodiment, the shape metric is applied to the first elec-
tronic signal over a first time window and a second time
window, then the values of the shape metric over each
window are combined (e.g., by taking a difference, an
absolute difference, or a ratio). Examples of such shape
metrics include:

1. The peak amplitude of a previous pulse.
2. The period of a previous pulse.
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3. The path length of a previous pulse, defined as
the sum of the absolute values of the differences
between subsequent samples taken over the dura-
tion of the pulse.
4. For signals that include two or more components
(e.g., associated with each of the red and infrared
frequency ranges in an PPG monitoring system), a
ratio of a characteristic of each of the components
(e.g., an amplitude or period).
5. The ratio of a duration of the downstroke and a
duration of the upstroke from one or more signals
and/or one or more pulses.

[0048] Shape metrics may also include normalized and
generalized versions of metrics described herein, and
may be applied to one or more pulses or time windows
and combined via any suitable transformation. For ex-
ample, the first measurement quality value may be based
at least in part on a change of shape between two in-
stances or windows of the received first signal. The shape
metric may be a skewness metric, as discussed in addi-
tional detail below.
[0049] In an embodiment, the patient monitoring sys-
tem is a CNIBP system that provides blood pressure
readings based at least in part on measurements of a
differential pulse transit time (DPTT). Such monitoring
systems may include two or more sensors and the skew-
ness of the signals transmitted by of the two sensors may
be compared and tracked over time to detect the need
for recalibration, for example, by comparing skewness
ratios calculated at times T1 and T2, as described above
with reference to process 500. For example, if noise is
introduced into the signal transmitted by only the first
sensor, or if the first sensor malfunctions or is dislodged,
the shape of the waveform transmitted by the first sensor
will be different from time T1 to time T2 and this difference
will be reflected in different first and second ratios.
[0050] At step 506, the first measurement quality value
is subject to a threshold test. Generally, a threshold test
on a value may test any of a number of threshold condi-
tions, including whether the value exceeds a single
threshold, whether the value is below a single threshold,
or whether the value falls within a specified range or rang-
es. The threshold test may be fixed, and retrieved by
processor 312 from ROM 52 or RAM 54. The threshold
test may be dynamic and depend, for example, on past
values of the received first signal, the first measurement
quality value, or both. In an embodiment, the threshold
test may compare the measurement quality value to the
value of a shape metric applied to a past time window of
the first electronic signal. In an embodiment, the thresh-
old test may depend on values of the shape metric ap-
plied to multiple time windows. For example, a single
threshold may be the average of the shape metric applied
to a fixed number of past time windows, or may be this
average minus a multiple of standard deviations of the
shape metric values. When the measurement quality val-
ue exceeds this single threshold, the threshold test is

passed. The threshold test may also depend on second-
ary signal quality indicators, such as an electromagnetic
noise measuring device or a signal arising from sensor
device 318 indicating a malfunction or undesirable oper-
ating condition. In the DPTT measurement example de-
scribed above, the absolute difference between the first
and second ratios may be compared against a threshold
to determine whether a significant change in measure-
ment quality has occurred.
[0051] If it is determined at step 506 that the first meas-
urement quality value passes the threshold test, the proc-
ess 500 may proceed to step 508 and monitoring oper-
ations may be performed according to a nominal set of
parameters. This nominal parameter set may correspond
to a "normal" operating state of the patient monitoring
system. Such a set of parameters may include displaying
a measurement calculated from the first electronic signal
on at least one of display 20 and display 28, storing the
calculated measurement (e.g., in RAM 54), using the cal-
culated measurement in other calculations performed by
the system, or any combination thereof. Such calcula-
tions may include a patient condition stimation routine or
a patient status prediction routine.
[0052] If it is determined at step 506 that the first meas-
urement quality value does not pass the threshold test,
the process 500 may proceed to step 510 and the system
may perform monitoring operations according to an al-
ternate set of parameters. This alternate parameter set
may correspond to a "low measurement quality" operat-
ing state of the patient monitoring system. Such a state
may indicate reduced confidence in the ability of the first
electronic signal to communicate information about a
physiological process. The corresponding parameter set
may include displaying a "low quality" warning signal via
display 20 or display 28, or an audible warning via speak-
er 22 or speaker 30. The parameter set may also include
suppressing the display of a measurement calculated
from the first electronic signal, suppressing the storing
of the calculated measurement, suppressing the use of
the calculated measurement in other calculations per-
formed by the system, or any combination thereof.
[0053] In an embodiment, steps 506, 508 and 510 need
not be performed. Instead, the patient monitoring system
may use the first measurement quality signal to adjust
monitoring operations that may be based at least in part
on the first electronic signal. For example, multi-param-
eter monitor 26 may provide a measurement estimate of
a physiological process on display 28. This measurement
estimate may be calculated by processor 312 as a run-
ning average of measurements made based at least in
part on the received first signal over a time window. The
first measurement quality value calculated in step 504
may be used to determine the length of this time window,
with lower quality values suggesting wider time windows
and vice versa. Alternately, the length of the time window
may be fixed, but each measurement within the window
may be weighted within the running average by its asso-
ciated measurement quality value. In such an embodi-
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ment, a low quality measurement may have relatively
less influence on the measurement estimate displayed
by multi-parameter monitor 26 than under a "nominal"
parameter set.
[0054] FIG. 6 is a flow diagram of an illustrative recal-
ibration initiation process 600 in accordance with an em-
bodiment. Process 600 may be performed by processor
312, or may be performed by any suitable processing
device communicatively coupled to monitor 14. At step
602, a first electronic signal is received. Embodiments of
step 602 may include, for example, any of the embodi-
ments described above with reference to step 502 of
process 500.
[0055] Once a first electronic signal is received at step
602, a first skewness value may be calculated based at
least in part on the received first signal at step 604. In an
embodiment, the first skewness value includes deriving
and analyzing a skewness metric from a time window of
the received first signal, the time derivative of the re-
ceived first signal, or any transformation of the received
first signal. In an embodiment, a skewness value of a
signal may be calculated as any of the following illustra-
tive skewness metrics:

1. A sample skewness in accordance with

where xi is the i th sample of the signal and 

is the sample mean of the n samples.
2. A usual skewness estimator in accordance with 

where κJ is symmetric, unbiased estimator of the j
th cumulant.
3. A Pearson mode skewness in accordance with 

where x is the mode of the samples and 

4. A Pearson’s second skewness coefficient in ac-
cordance with 

where x is the median of the samples.
5. A Bowley skewness in accordance with 

where Qi is the i th interquartile range.

[0056] In an embodiment, a skewness value of a signal
may be based at least in part on any of a number of
multivariate skewness metrics, including, for example,
metrics based at least in part on joint moments of an
underlying multivariate signal, projections of the under-
lying multivariate signal onto a line, volumes of simplices
within the multivariate space, or any combination thereof.
[0057] In addition to the skewness metrics described
above, embodiments described herein may include any
signal metric that measures the asymmetry of a signal
around its mean or average value. In an embodiment,
the skewness metric may be based at least in part on
any one or more of the following:

1. The ratio of the area under the positive portion of
a pulse of the received first signal to the area under
the negative portion of the same pulse.
2. The ratio of the positive peak of a pulse of the time
derivative of the received first signal to the negative
peak of the same pulse.
3. The ratio of the duration of the upstroke of a pulse
of the received first signal to the duration of the down-
stroke of the same pulse.

[0058] In some embodiments, a skewness value of a
signal may be based at least in part on a constant multiple
of any skewness metric. It will be understood that the
foregoing are merely examples of techniques for calcu-
lating a skewness value in accordance with the methods
and systems described herein.
[0059] In an embodiment, the patient monitoring sys-
tem may be a CNIBP system that provides blood pres-
sure readings based at least in part on measurements
of a differential pulse transit time (DPTT) detected via
two or more sensors. The skewness of the signals trans-
mitted by the two or more sensors may be compared and
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tracked over time, for example, by comparing the ratio
of skewness values at times T1 and T2 as described
above with reference to processor 500. Changes in pa-
tient medical status (e.g., when a patient undergoes a
seizure or arrest) may result in different changes in the
shapes of the waveforms transmitted by the two or more
sensors. Such changes may be detected as a change
between the first and second ratio, and such a change
may be quantified by a first skewness value for determin-
ing whether a recalibration is necessary.
[0060] At step 606, an electronic recalibration signal
may be generated based at least in part on a comparison
of the first skewness value and a reference skewness
value. This comparison may include a threshold test, for
example, as described above with reference to step 506
of process 500. In an embodiment, the reference skew-
ness value is based at least in part on past values of the
electronic recalibration signal, associated skewness val-
ues or any combination thereof. For example, an elec-
tronic recalibration signal may be generated based at
least in part on whether the first skewness value falls
outside a range centered at a reference skewness value.
The reference skewness value may be the average of
the skewness metric applied to a fixed number of past
time windows and the range may include a band of values
centered on the average (e.g., a multiple of standard de-
viations). In the DPTT measurement example described
above, the absolute difference between the first and sec-
ond ratios may be compared against a single threshold
to determine whether the change exceeds this threshold,
which may signal a need to initiate a recalibration. In an
embodiment, the electronic recalibration signal may be
further based at least in part on a measurement quality
signal (e.g., as described above with reference to proc-
ess 500). For example, low quality measurements may
indicate that a patient is moving or that a sensor has
malfunctioned, in which case a recalibration should be
delayed until a higher quality measurement can be ob-
tained. Such an embodiment may advantageously re-
duce time and resources devoted to wasteful recalibra-
tions in periods of low signal quality.
[0061] At step 608, a recalibration of the measurement
device may be initiated based at least in part on the com-
parison of step 606. Initiating a recalibration may include
transmitting an electronic recalibration signal to a cali-
bration device 80 that includes a command to commence
a recalibration process. In an embodiment, initiating a
recalibration may include transmitting an electronic rec-
alibration signal to a calibration device 80 that schedules
a future recalibration process. In an embodiment, initiat-
ing a recalibration includes sending an electronic recal-
ibration signal that includes a frequency at which calibra-
tion device 80 should perform upcoming calibrations.
Such an embodiment may be advantageous when a pa-
tient is undergoing rapid changes in condition, as reflect-
ed in changes in the skewness values of the received
first signal, and more frequent recalibrations are desired
than when a patient is in a stable state. Additional details

regarding various illustrative embodiments of the steps
of process 600 are described below with reference to
process 700.
[0062] FIG. 7 is a flow diagram of an illustrative recal-
ibration initiation process in accordance with an embod-
iment. For ease of presentation, process 700 will be de-
scribed as performed by processor 312; however, it will
be understood that process 700 may be performed by
any suitable processing device communicatively coupled
to monitor 14.
[0063] At step 702, processor 312 may determine
whether to initiate retrieval of an electronic signal. Re-
trieval may be initiated according to a fixed monitoring
schedule, or may be performed in response to a request
indicated by a patient or care provider via user inputs 56,
or both. At step 704, the electronic signal over a time
window may be extracted. As described above with ref-
erence to processes 500 and 600, past values of the
electronic signal may be extracted, and the width and
delay of such a time window may vary. The electronic
signal may be received at processor 312 in real-time (e.g,
as signal 316), or may be extracted from a buffer such
as QSM 74 or from RAM 54.
[0064] At step 706, processor 312 may calculate a first
skewness value from the extracted signal over a skew-
ness window. The skewness window may be a subwin-
dow of the time window of step 704, and may represent
a subset of the extracted signal data. The skewness value
may be calculated in accordance with any of the embod-
iments described herein. At step 708, processor 312 may
store the calculated first skewness value in one or more
storage devices such as RAM 54. Processor 312 may
store any of the calculated values described herein at a
remote storage device, enabling other remote process-
ing devices to access and analyze the stored calculated
values.
[0065] At step 710, processor 312 may retrieve a rec-
alibration reference value from a storage device (e.g.,
RAM 54). This recalibration reference value may be, for
example, any of the reference values described above
with reference to process 600, and may itself be a value
previously calculated and stored by processor 312. At
step 712, processor 312 may compute a measurement
quality value of the signal extracted in step 704 over a
quality window. The quality window may be a subwindow
of the time window of step 704, and may represent a
subset of the extracted signal data. In an embodiment,
the quality window may be different from the skewness
window. For example, a quality window may include the
most recently received single pulse of a PPG signal, while
the skewness window may include a sequence of several
past pulses. For instance, a quality window may encom-
pass from two to 10 pulses, and the quality threshold at
step 714 may be derived at least in part from the standard
deviation, or other measure of variability, of the skewness
metrics for those pulses. In a further embodiment, the
length of a quality window may be linked to the quality of
the signal which it contains. For example, if the current
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signal quality is deemed to have low quality, then a longer
twenty pulse window may be employed, while a signal
having high quality may employ a window of shorter du-
ration (e.g., one that is five pulses in duration).
[0066] Once the measurement quality value has been
computed at step 712, processor 312 may compare the
measurement quality value to a quality threshold at step
714. If the measurement quality value is below the thresh-
old, processor 312 may set a signal quality flag to one at
step 716 (i.e., as an indicator of low signal quality). Step
714 may include setting a signal quality variable equal
to one in a memory (e.g., RAM 54). In an embodiment,
the signal quality flag may be a "logic high" signal that
may be passed directly to measurement quality output
324. Alternately, if processor 312 determines at step 714
that the measurement quality value is above the thresh-
old, a signal quality flag may be set to zero at step 718.
[0067] After a signal quality flag has been set, proces-
sor 312 may proceed to step 720 and may store the meas-
urement quality value, then may proceed to step 722 and
may retrieve a quality reference value from a memory
(e.g., RAM 54, or a remote storage). The stored meas-
urement quality value may be used in later executions of
process 700, or for additional calculations performed by
processor 712 as described above. At step 724, proces-
sor 312 may computes a recalibration threshold value,
which may be based at least in part on the measurement
quality value and the quality reference value. For exam-
ple, when the measurement quality value is lower than
a baseline value, the recalibration threshold may be high-
er than a baseline value.
[0068] At step 726, processor 312 may compute a rec-
alibration value based at least in part on the first skew-
ness value calculated at step 708 and the recalibration
reference value retrieved at step 710. Such a recalibra-
tion value may be computed in a manner similar to the
electronic recalibration signal described above with ref-
erence to process 600. In an embodiment, step 726 may
include computing an absolute difference between the
first skewness value and the recalibration reference val-
ue, computing a relative and/or normalized difference, or
a combination thereof.
[0069] At step 728, the recalibration value computed
at step 726 may be subject to a recalibration threshold
test to determine whether a recalibration procedure may
be initiated. Illustrative examples of threshold tests are
described in detail above. For example, step 728 may
include determining whether the first skewness value
falls in a range centered on the recalibration reference
value. If the threshold test at step 728 is failed, processor
312 may not initiate a recalibration and may return to step
702 and may wait for an appropriate time to initiate signal
retrieval.
[0070] If the threshold test at step 730 is passed, proc-
essor 312 may then compare the value of a recalibration
timer to a timer threshold. The recalibration timer may be
reset at the beginning of each recalibration procedure,
and may count the time or clock cycles elapsed since the

last recalibration. In an embodiment, a timer threshold
may be fixed to represent a minimum delay between rec-
alibrations in order to prevent the patient monitoring sys-
tem from undergoing too many unnecessary recalibra-
tions. If the recalibration timer has not exceeded the timer
threshold at step 730, not enough time has passed since
the last recalibration and processor 312 may record this
event by incrementing a recalibration error counter at
step 732.
[0071] Processor 312 may proceed from step 732 to
step 734 and may compare the value of the recalibration
error counter to a recalibration error threshold. In an em-
bodiment, the recalibration error threshold may represent
the maximum allowable number of "incomplete" recali-
bration attempts (e.g., the number of times processor
312 passes through steps 730 and 732) before an error
mode may be entered. If the recalibration error counter
exceeds the recalibration error threshold at step 734, the
patient monitoring device may enter a recalibration error
mode at step 736. This error mode may include any one
of requiring a manual intervention by a user; requiring a
electronic or remote restart of the device; requiring serv-
icing by the device manufacturer; requiring an alternative
recalibration procedure; performing a diagnostic of the
monitoring operations; or any combination thereof.
[0072] Returning to step 730, if the recalibration timer
exceeds the timer threshold, then sufficient time may
have passed since the last recalibration to perform an-
other recalibration. Processor 312 may then proceed to
step 738 and may set a recalibration flag to one and may
set an error counter to zero. Setting the recalibration flag
to one may provide a signal to calibration device 80 to
commence a recalibration of the device. Processor 312
may start the recalibration timer at step 740 (once the
recalibration is initiated), then may proceed to step 742
and may wait until the recalibration is complete. Proces-
sor 312 may wait for a fixed period of time corresponding
to a known recalibration interval, may receive a "recali-
bration complete" signal from calibration device 80, or a
combination thereof.
[0073] Once the recalibration is complete, processor
312 may set the recalibration flag to zero at step 734 then
may return to step 702 and may wait to initiate signal
retrieval. In practice, one of more of the steps shown in
processes 500, 600 and 700 may be combined with other
steps, performed in any suitable order, performed in par-
allel (e.g., simultaneously or substantially simultaneous-
ly), or removed.
[0074] The foregoing is merely illustrative of the prin-
ciples of this disclosure and various modifications can be
made by those skilled in the art within the scope defined
by the claims. The above described-embodiments are
presented for purposes of illustration and not of limitation.
Accordingly, it is emphasized that the disclosure is not
limited to the explicitly disclosed methods, systems and
apparatuses, but is intended to include variations to and
modifications thereof which are within the spirit of the
following claims.
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Claims

1. A method for initiating a recalibration of a physiolog-
ical measurement (600), comprising: receiving (602)
a first electronic signal (316) representative of a
physiological process at a measurement device (12);
calculating (604) a skewness value based at least in
part on the received first signal (316); characterized
by generating (606) an electronic recalibration signal
(319) based at least in part on a comparison of the
first skewness value and at least one reference
skewness value; and initiating (608) a recalibration
of the measurement device (12) based at least in
part on the comparison.

2. The method of claim 1, wherein the measurement
device (12) is a part of a continuous, non-invasive
blood pressure monitoring system (10).

3. The method of claim 1, wherein the received first
signal (316) is based at least in part on a comparison
of an electronic signal generated by a sensor (16)
located at a first site on a patient’s body and an elec-
tronic signal generated by a sensor (18) located at
a second site on a patient’s body.

4. The method of claim 1, further comprising: generat-
ing (712) an electronic measurement quality signal
(322) based at least in part on a comparison of the
skewness value and at least one reference skew-
ness value.

5. The method of claim 4, wherein initiating (608) a rec-
alibration of the measurement device is further
based at least in part on the electronic measurement
quality signal (322).

6. The method of claim 4, further comprising determin-
ing a physiological measurement based at least in
part on the received first signal (316) and the meas-
urement quality signal (322).

7. The method of claim 1, wherein the first electronic
signal (316) is a photoplethysmograph signal (102).

8. The method of claim 1, wherein calculating (604) a
skewness value comprises calculating at least one
of a skewness of a time derivative of the received
first signal (316) and a ratio of characteristics of the
received first signal (316).

9. The method of claim 1, wherein the at least one ref-
erence skewness value is based at least in part on
at least one past portion of the received first signal
(316).

10. A system (10) for initiating a recalibration of a phys-
iological measurement comprising: at least one

memory device (52), capable of storing at least one
reference skewness value; a calibration device (80),
capable of initiating a recalibration of the system (10)
in response to a recalibration signal (319); a proces-
sor (312), communicably coupled to the at least one
memory device (52) and the calibration device (80)
and capable of receiving a first input signal (316),
the processor (312) configured to calculate a skew-
ness value based at least in part on the received first
signal (316); retrieve the at least one reference skew-
ness value from the at least one memory device (52)
characterized in that the processor (312) is further
configured to generate a recalibration signal (319)
based at least in part on a comparison of the skew-
ness value and the at least one reference skewness
value; and transmit the recalibration signal (319) to
the calibration device (80).

11. The system (10) of claim 10, wherein the processor
(312) is a part of a continuous, non-invasive blood
pressure monitoring system.

12. The system (10) of claim 10, wherein the processor
(312) is configured to calculate a skewness value by
calculating at least one of a skewness of a time de-
rivative of the received first signal (316) and a ratio
of characteristics of the received first signal (316).

13. The system (10) of claim 10, wherein the at least one
reference skewness value is based at least in part
on at least one past portion of the received first signal
(316).

14. The system (10) of claim 10, wherein the received
first signal (316) is based at least in part on a com-
parison of a signal generated by a sensor (16) locat-
ed at a first site on a patient’s body and a signal
generated by a sensor (18) located at a second site
on a patient’s body.

15. The system (10) of claim 10, wherein the processor
(312) is further configured to: generate a measure-
ment quality signal (322) based at least in part on a
comparison of the skewness value and at least one
reference skewness value

16. The system (10) of claim 15, wherein the processor
(312) is configured to generate the recalibration sig-
nal (319) based at least in part on the measurement
quality signal (322).

17. The system (10) of claim 15 adapted to generate a
physiological measurement based at least in part on
the received first signal (316) and the measurement
quality signal (322)

18. The system (10) of claim 10, wherein the first signal
(316) is a photoplethysmograph signal (102).
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19. Computer-readable medium for use in initiating a
recalibration of a physiological measurement, the
computer-readable medium having computer pro-
gram instructions recorded thereon for causing,
when executed by a processor (312), the system ac-
cording to claim 10 to receive (602) a first electronic
signal (316) representative of a physiological proc-
ess; calculate (604) a skewness value based at least
in part on the received first signal (316); character-
ized by further causing the system to generate (606)
an electronic recalibration signal based at least in
part on a comparison of the first skewness value and
at least one reference skewness value; and initiate
(608) a recalibration of a measurement device based
at least in part on the comparison.

20. The computer-readable medium of claim 19, where-
in the first electronic signal (316) is a photoplethys-
mograph signal (102).

Patentansprüche

1. Verfahren zum Einleiten einer Neukalibrierung einer
physiologischen Messung (600), das umfasst: Emp-
fangen (602) eines ersten elektronischen Signals
(316), das für einen physiologischen Prozess reprä-
sentativ ist, an einer Messeinrichtung (12); Berech-
nen (604) eines Schiefenwerts zumindest teilweise
auf Basis des empfangenen ersten Signals (316);
gekennzeichnet durch Erzeugen (606) eines elek-
tronischen Neukalibrierungssignals (319) zumindest
teilweise auf Basis eines Vergleichs des ersten
Schiefenwerts und zumindest eines Referenzschie-
fenwerts; und Einleiten (608) einer Neukalibrierung
der Messeinrichtung (12) zumindest teilweise auf
Basis des Vergleichs.

2. Verfahren nach Anspruch 1, wobei die Messeinrich-
tung (12) ein Teil eines kontinuierlichen nicht-inva-
siven Blutdrucküberwachungssystems (10) ist.

3. Verfahren nach Anspruch 1, wobei das empfangene
erste Signal (316) zumindest teilweise auf einem
Vergleich eines elektronischen Signals, das von ei-
nem Sensor (16) erzeugt wird, der sich an einer ers-
ten Stelle am Körper eines Patienten befindet, und
eines elektronischen Signals basiert, das von einem
Sensor (18) erzeugt wird, der sich an einer zweiten
Stelle am Körper des Patienten befindet.

4. Verfahren nach Anspruch 1, das darüber hinaus um-
fasst: Erzeugen (712) eines elektronischen Mes-
sungsqualitätssignals (322) zumindest teilweise auf
Basis eines Vergleich des Schiefenwerts und zumin-
dest eines Referenzschiefenwerts.

5. Verfahren nach Anspruch 4, wobei das Einleiten

(608) eine Neukalibrierung der Messeinrichtung dar-
über hinaus zumindest teilweise auf dem elektroni-
schen Messungsqualitätssignal (322) basiert.

6. Verfahren nach Anspruch 4, das darüber hinaus das
Bestimmen einer physiologischen Messung zumin-
dest teilweise auf Basis des empfangenen ersten
Signals (316) und des Messungsqualitätssignals
(322) umfasst.

7. Verfahren nach Anspruch 1, wobei das erste elek-
tronische Signal (316) ein Photoplethysmographen-
signal (102) ist.

8. Verfahren nach Anspruch 1, wobei das Berechnen
(604) eines Schiefenwerts das Berechnen zumin-
dest einer Schiefe eines Zeitderivats des ersten
empfangenen Signals (316) und eines Verhältnisses
von Charakteristika des empfangenen ersten Sig-
nals (316) umfasst.

9. Verfahren nach Anspruch 1, wobei der zumindest
eine Referenzschiefenwert zumindest teilweise auf
zumindest einem vergangenen Abschnitt des emp-
fangenen ersten Signals (316) basiert.

10. System (10) zum Einleiten einer Neukalibrierung ei-
ner physiologischen Messung, das umfasst: zumin-
dest eine Speichereinrichtung (52), die in der Lage
ist, zumindest einen Referenzschiefenwert zu spei-
chern; eine Kalibrierungseinrichtung (80), die in der
Lage ist, eine Neukalibrierung des Systems (10) in
Antwort auf ein Neukalibrierungssignal (319) einzu-
leiten; einen Prozessor (312), der kommunikativ mit
der zumindest einen Speichereinrichtung (52) und
der Kalibrierungseinrichtung (80) verbunden und in
der Lage ist, ein erstes Eingangssignal (316) zu
empfangen, wobei der Prozessor (312) so konfigu-
riert ist, dass er einen Schiefenwert zumindest teil-
weise auf Basis des empfangenen ersten Signals
(316) erzeugt; den zumindest einen Referenzschie-
fenwert von der zumindest einen Speichereinrich-
tung (52) abruft; dadurch gekennzeichnet, dass
der Prozessor (312) darüber hinaus so konfiguriert
ist, dass er ein Neukalibrierungssignal (319) zumin-
dest teilweise auf Basis eines Vergleichs des Schie-
fenwerts und des zumindest einen Referenzschie-
fenwerts erzeugt; und das Neukalibrierungssignal
(319) an die Kalibrierungseinrichtung (80) überträgt.

11. System (10) nach Anspruch 10, wobei der Prozessor
(312) Teil eines kontinuierlichen nicht-invasiven
Blutdrucküberwachungssystems ist.

12. System (10) nach Anspruch 10, wobei der Prozessor
(312) so konfiguriert ist, dass er einen Schiefenwert
durch Berechnen zumindest einer Schiefe eines
Zeitderivats des empfangenen ersten Signals (316)
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und eines Verhältnisses von Charakteristika des
empfangenen ersten Signals (316) erzeugt.

13. System (10) nach Anspruch 10, wobei der zumindest
eine Referenzschiefenwert zumindest teilweise auf
einem vergangenen Abschnitt des empfangenen
ersten Signals (316) basiert.

14. System (10) nach Anspruch 10, wobei das empfan-
gene erste Signal (316) zumindest teilweise auf ei-
nem Vergleich eines Signals, das von einem Sensor
(16) erzeugt wird, der sich an einer ersten Stelle am
Körper eines Patienten befindet, und eines elektro-
nischen Signals basiert, das von einem Sensor (18)
erzeugt wird, der sich an einer zweiten Stelle am
Körper des Patienten befindet.

15. System (10) nach Anspruch 10, wobei der Prozessor
(312) weiter so konfiguriert ist, dass er: ein Mes-
sungsqualitätssignal (322) zumindest teilweise auf
Basis eines Vergleichs des Schiefenwerts und zu-
mindest eines Referenzschiefenwerts erzeugt.

16. System (10) nach Anspruch 15, wobei der Prozessor
(312) so konfiguriert ist, dass er das Neukalibrie-
rungssignal (319) zumindest teilweise auf Basis des
Messungsqualitätssignals (322) erzeugt.

17. System (10) nach Anspruch 15, das so ausgelegt
ist, dass es eine physiologische Messung zumindest
teilweise auf Basis des empfangenen ersten Signals
(316) und des Messungsqualitätssignals (322) er-
zeugt.

18. System (10) nach Anspruch 10, wobei das erste Si-
gnal (316) ein Photoplethysmographensignal (102)
ist.

19. Computerlesbares Medium zur Verwendung beim
Einleiten einer Neukalibrierung einer physiologi-
schen Messung, wobei auf dem Computerpro-
gramm Anweisungen aufgezeichnet sind, die das
System nach Anspruch 10 bei Ausführung durch ei-
nen Prozessor (312) veranlassen, ein erstes elek-
tronisches Signal (316) zu empfangen (602), das für
einen physiologischen Prozess repräsentativ ist; ei-
nen Schiefenwert zumindest teilweise auf dem emp-
fangenen ersten Signal (316) zu berechnen (604);
dadurch gekennzeichnet, dass sie darüber hinaus
veranlassen, dass das System ein erstes elektroni-
sches Neukalibrierungssignal zumindest teilweise
auf Basis eines Vergleichs des ersten Schiefenwerts
und zumindest eines Referenzschiefenwerts er-
zeugt (606); und eine Neukalibrierung einer Mess-
einrichtung zumindest teilweise auf Basis des Ver-
gleichs einleitet (608).

20. Computerlesbares Medium nach Anspruch 19, wo-

bei das erste elektronische Signal (316) ein Photo-
plethysmographensignal (102) ist.

Revendications

1. Procédé permuttant de déclencher un réétalonnage
d’une mesure physiologique (600), comprenant les
étapes consistant à : recevoir (602) un premier si-
gnal électronique (316) représentatif d’un processus
physiologique au niveau d’un dispositif de mesure
(12) ; calculer (604) une valeur de dissymétrie en se
basant au moins en partie sur le premier signal (316)
reçu ; caractérisé par les étapes consistant à : gé-
nérer (606) un signal électronique de réétalonnage
(319) en se basant au moins en partie sur une com-
paraison entre la première valeur de dissymétrie et
au moins une valeur de dissymétrie de référence ;
et déclencher (608) un réétalonnage du dispositif de
mesure (12) en se basant au moins en partie sur
ladite comparaison.

2. Procédé selon la revendication 1, dans lequel le dis-
positif de mesure (12) fait partie d’un système non
invasif de surveillance de tension artérielle en con-
tinu (10).

3. Procédé selon la revendication 1, dans lequel le pre-
mier signal (316) reçu est basé au moins en partie
sur une comparaison entre un signal électronique
généré par un capteur (16) situé au niveau d’un pre-
mier site sur un corps de patient et un signal élec-
tronique généré par un capteur (18) situé au niveau
d’un second site sur un corps de patient.

4. Procédé selon la revendication 1, comprenant en
outre les étapes consistant à: générer (712) un signal
électronique de qualité de mesure (322) en se ba-
sant au moins en partie sur une comparaison entre
la valeur de dissymétrie et au moins une valeur de
dissymétrie de référence.

5. Procédé selon la revendication 4, dans lequel l’étape
de déclenchement (608) d’un réétalonnage du dis-
positif de mesure est en outre basée au moins en
partie sur le signal électronique de qualité de mesure
(322).

6. Procédé selon la revendication 4, comprenant en
outre une étape consistant à déterminer une mesure
physiologique en se basant au moins en partie sur
le premier signal (316) reçu et sur le signal de qualité
de mesure (322).

7. Procédé selon la revendication 1, dans lequel le pre-
mier signal électronique (316) est un signal de pho-
topléthysmographe (102).
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8. Procédé selon la revendication 1, dans lequel l’étape
de calcul (604) d’une valeur de dissymétrie com-
prend une étape consistant à calculer au moins une
valeur parmi une dissymétrie d’une dérivée tempo-
relle du premier signal (316) reçu et un rapport de
caractéristiques du premier signal (316) reçu.

9. Procédé selon la revendication 1, dans lequel la au
moins une valeur de dissymétrie de référence est
basée au moins en partie sur au moins une partie
passée du premier signal (316) reçu.

10. Système (10) permettant de déclencher un réétalon-
nage d’une mesure physiologique, comprenant : au
moins un dispositif de mémoire (52), capable de
stocker au moins une valeur de dissymétrie de
référence ; un dispositif d’étalonnage (80), capable
de déclencher un réétalonnage du système (10) en
réaction à un signal de réétalonnage (319) ; un pro-
cesseur (312), couplé de manière communicante au
au moins un dispositif de mémoire (52) et au dispo-
sitif d’étalonnage (80) et capable de recevoir un pre-
mier signal d’entrée (316), le processeur (312) étant
configuré pour calculer une valeur de dissymétrie en
se basant au moins en partie sur le premier signal
(316) reçu ; récupérer la au moins une valeur de dis-
symétrie de référence à partir du au moins un dis-
positif de mémoire (52) ; caractérisé en ce que le
processeur (312) est en outre configuré pour générer
un signal de réétalonnage (319) en se basant au
moins en partie sur une comparaison entre la valeur
de dissymétrie et la au moins une valeur de dissy-
métrie de référence ; et émettre le signal de rééta-
lonnage (319) vers le dispositif d’étalonnage (80).

11. Système (10) selon la revendication 10, dans lequel
le processeur (312) fait partie d’un système non in-
vasif de surveillance de tension artérielle en continu.

12. Système (10) selon la revendication 10, dans lequel
le processeur (312) est configuré pour calculer une
valeur de dissymétrie en calculant au moins une va-
leur parmi une dissymétrie d’une dérivée temporelle
du premier signal (316) reçu et un rapport de carac-
téristiques du premier signal (316) reçu.

13. Système (10) selon la revendication 10, dans lequel
la au moins une valeur de dissymétrie de référence
est basée au moins en partie sur au moins une partie
passée du premier signal (316) reçu.

14. Système (10) selon la revendication 10, dans lequel
le premier signal (316) reçu est basé au moins en
partie sur une comparaison entre un signal généré
par un capteur (16) situé au niveau d’un premier site
sur un corps de patient et un signal généré par un
capteur (18) situé au niveau d’un second site sur un
corps de patient.

15. Système (10) selon la revendication 10, dans lequel
le processeur (312) est en outre configuré pour gé-
nérer un signal de qualité de mesure (322) en se
basant au moins en partie sur une comparaison en-
tre la valeur de dissymétrie et au moins une valeur
de dissymétrie de référence.

16. Système (10) selon la revendication 15, dans lequel
le processeur (312) est configuré pour générer le
signal de réétalonnage (319) en se basant au moins
en partie sur le signal de qualité de mesure (322).

17. Système (10) selon la revendication 15, conçu pour
générer une mesure physiologique en se basant au
moins en partie sur le premier signal (316) reçu et
sur le signal de qualité de mesure (322).

18. Système (10) selon la revendication 10, dans lequel
le premier signal (316) est un signal de photoplé-
thysmographe (102).

19. Support pouvant être lu par un ordinateur et utilisé
pour déclencher un réétalonnage d’une mesure phy-
siologique, des instructions de programme informa-
tique étant enregistrées sur le support pouvant être
lu par un ordinateur et lesdites instructions, lorsqu’el-
les sont exécutées par un processeur (312), permut-
tant d’amener le système selon la revendication 10
à recevoir (602) un premier signal électronique (316)
représentatif d’un processus physiologique ; calcu-
ler (604) une valeur de dissymétrie en se basant au
moins en partie sur le premier signal (316) reçu ;
caractérisé en ce qu’il amène en outre le système
à générer (606) un signal électronique de réétalon-
nage en se basant au moins en partie sur une com-
paraison entre la première valeur de dissymétrie et
au moins une valeur de dissymétrie de référence ;
et déclencher (608) un réétalonnage d’un dispositif
de mesure en se basant au moins en partie sur ladite
comparaison.

20. Support pouvant être lu par un ordinateur selon la
revendication 19, dans lequel le premier signal élec-
tronique (316) est un signal de photopléthysmogra-
phe (102).
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