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POWER EFFICIENT PULSE OXIMETRY
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/925,431, filed Jan. 9, 2014,
entitled “Power Efficient Pulse Oximetry System,” which is
incorporated by reference herein in its entirety.

BACKGROUND

[0002] The present disclosure relates generally to medical
devices and, more particularly, to power efficient patient
monitoring devices.

[0003] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
the present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.
[0004] In the field of medicine, doctors often desire to
monitor certain physiological characteristics of their patients.
Accordingly, a wide variety of devices have been developed
for monitoring certain physiological characteristics of a
patient. Such devices provide doctors and other healthcare
personnel with the information they need to provide the best
possible healthcare for their patients. As a result, such moni-
toring devices have become an indispensable part of modern
medicine. For example, photoplethysmography is a common
technique for monitoring physiological characteristics of a
patient, and one device based upon photoplethysmography
techniques is commonly referred to as pulse oximetry. Pulse
oximeters may be used to measure and monitor various blood
flow characteristics of a patient. A pulse oximeter may be
utilized to monitor the blood oxygen saturation of hemoglo-
bin in arterial blood, the volume of individualized blood
pulsations supplying the tissue, and/or the rate of blood pul-
sations corresponding to each heartbeat of a patient. In fact,
the “pulse” in pulse oximetry refers to the time-varying
amount of arterial blood in the tissue during each cardiac
cycle.

[0005] A patient in a hospital setting may be monitored by
a pulse oximetry sensor that includes a light source. The light
source may be a light emitting diode that emits light into the
patient’s tissue, and the light is subsequently detected by a
photodetector that generates a signal indicative of a physi-
ological parameter of the patient (e.g., blood oxygen satura-
tion). The signal generated by the photodetector typically
includes noise components introduced by ambient light,
patient movement, or the like. To maintain sufficiently high
signal-to-noise ratios (SNR) for patient monitoring, the light
source is typically driven with a large amount of current to
generate more light for emission into the patient’s tissue and
for detection by the photodetector. However, the large drive
current causes the light source to consume a large amount of
power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Advantages of the disclosed techniques may
become apparent upon reading the following detailed
description and upon reference to the drawings in which:
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[0007] FIG. 1 is a block diagram of a medical monitoring
system, in accordance with an embodiment;

[0008] FIG. 2 is a block diagram of a medical monitoring
system with reduced power consumption, in accordance with
an embodiment;

[0009] FIG. 3 is a block diagram of another medical moni-
toring system with reduced power consumption, in accor-
dance with an embodiment;

[0010] FIG. 4 is a process flow diagram of a method of
operating a monitoring system with reduced power consump-
tion, in accordance with an embodiment;

[0011] FIG. 5 is a process flow diagram of a method of
adjusting a filter for operating a monitoring system with
reduced power consumption, in accordance with an embodi-
ment; and

[0012] FIG. 6 is an example of a plethysmography signal
having a baseline that oscillates in response to a respiration
rate of a patient.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0013] One or more specific embodiments of the present
techniques will be described below. In an effort to provide a
concise description of these embodiments, not all features of
an actual implementation are described in the specification. It
should be appreciated that in the development of any such
actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as com-
pliance with system-related and business-related constraints,
which may vary from one implementation to another. More-
over, it should be appreciated that such a development effort
might be complex and time consuming, but would neverthe-
less be a routine undertaking of design, fabrication, and
manufacture for those of ordinary skill having the benefit of
this disclosure.

[0014] The present disclosure is generally directed toward
power efficient medical monitoring systems and methods.
Embodiments disclosed herein relate to pulse oximeters to
facilitate discussion. However, it should be understood that
the techniques disclosed herein may be applied to and/or
adapted for use with any of a variety of patient monitors and
associated patient sensors. Pulse oximeters typically include
a sensor having one or more light sources (e.g., light emitting
diodes or LEDs) that emit light into a patient’s tissue and one
or more detectors (e.g., photodetectors) that detect the light
after the light passes through the patient’s tissue. The detector
may generate a signal indicative of a physiological parameter
of the patient, such as blood oxygen saturation. However,
such signals typically have noise components due to ambient
light or patient movement, for example. To minimize the
effects of such noise, typically pulse oximetry systems drive
the light source with a large amount of current. While the high
current drive may minimize the effects of noise and provide a
signal having high SNR for patient monitoring, the high cur-
rent drive also consumes a significant amount of power. Thus,
the present disclosure is directed to techniques for operating
patient monitoring systems, such as pulse oximetry systems,
in a power efficient manner. For example, certain techniques
described herein may determine and/or select suitable filters
based at least in part on the patient’s heart rate and/or respi-
ration rate. Such filters may be applied to the signal generated
by the detector to reduce noise acquired at a front end, which
in turn enables the system to adjust certain features of the
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patient monitoring system to reduce power consumed by the
system, while maintaining adequate SNR for patient moni-
toring. For example, the power consumed by the system may
be reduced by lowering the current drive to the light source,
reducing the duty cycle, adjusting a sampling rate of an ana-
log-to-digital converter (ADC) of the system, or any suitable
change to the system.

[0015] With the foregoing in mind, FIG. 1 depicts a block
diagram of one embodiment of a medical monitoring system.
As shown, the medical monitoring system is a pulse oximetry
system 10 having a sensor 12 and a monitor 14. The sensor 12
may include one or more light sources 16 (e.g., emitter)
configured to emit light into a patient’s tissue. The sensor 12
may also include one or more detectors 18 configured to
detect light from the light source 16 after the light passes
through the patient’s tissue. The detector 18 may be config-
ured to generate a signal, such as a photoplethysmography
signal, based on the detected light. The detector 18 may
transmit and/or provide the signal to the monitor 14.

[0016] The one or more light sources 16 may be a light
emitting diode (LED), a superluminescent light emitting
diode, a laser diode or a vertical cavity surface emitting laser
(VCSEL). Generally, the light passed through the tissue is
selected to be of one or more wavelengths that are absorbed
by the blood in an amount representative of the amount of the
blood constituent present in the blood. The amount of light
passed through the tissue varies in accordance with the chang-
ing amount of blood constituent and the related light absorp-
tion. For example, the light from the light source 16 may be
used to measure blood pressure, blood oxygen saturation,
water fractions, hematocrit, or other physiological param-
eters of the patient. In certain embodiments, the light source
16 may emit at least two (e.g., red and infrared) wavelengths
of light. The red wavelength may be between about 600
nanometers (nm) and about 700 nm, and the IR wavelength
may be between about 800 nm and about 1000 nm. However,
any appropriate wavelength (e.g., green, yellow, etc.) and/or
any number of wavelengths (e.g., three or more) may be used.
It should be understood that, as used herein, the term “light”
may refer to one or more of ultrasound, radio, microwave,
millimeter wave, infrared, visible, ultraviolet, gamma ray or
X-ray electromagnetic radiation, and may also include any
wavelength within the radio, microwave, infrared, visible,
ultraviolet, or X-ray spectra, and that any suitable wavelength
of light may be appropriate for use with the present disclo-
sure.

[0017] In some embodiments, the sensor 12 may be
coupled to the monitor 14 via one or more cables. In the
embodiment depicted in FIG. 1, the sensor 12 is configured to
operate and/or to communicate with the monitor 14 wire-
lessly 20, without the use of any cables or cords. In some such
embodiments, the sensor 12 may include or may be coupled
to a power source 22 (e.g., a battery) to supply the sensor 12
with power. By way of example, the battery 22 may be a
rechargeable battery (e.g., a lithium ion, lithium polymer,
nickel-metal hydride, or nickel-cadmium battery) or may bea
single-use battery such as an alkaline or lithium battery. A
battery meter 24 may be included in the sensor 12 to provide
the expected remaining power of the battery 22 to the monitor
14, for example. In certain embodiments, the sensor 12 may
include or may be coupled to one or more additional sensing
components, such as a temperature sensor 25, as discussed in
more detail below.
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[0018] The sensor 12 may also include an encoder 26,
which may contain information about the sensor 12, such as
what type of sensor it is (e.g., a type of sensor, a location
where the sensor is to be placed, etc.) and how the sensor 12
is to be driven (e.g., wavelength of light emitted by the light
source 16). This information may enable the monitor 14 to
select appropriate algorithms and/or calibration coefficients
or to derive a filter for estimating the patient’s physiological
characteristics. The encoder 26 may, for instance, be a
memory on which information may be stored for communi-
cation to the monitor 14. The encoder 26 may store informa-
tion related to the wavelength of the light source 16. The
encoder 26 may, for instance, be a coded resistor, EEPROM
or other coding devices (such as a capacitor, inductor, PROM,
RFID, parallel resident currents, or a colorimetric indicator)
that may provide a signal to a microprocessor 40 or other
processing circuitry of the monitor 14 related to the charac-
teristics of the sensor 12 to enable the microprocessor 40 to
determine the appropriate calibration characteristics. In some
embodiments, the data or signal from the encoder 26 may be
decoded by a detector/decoder 42 in the monitor 14. In some
embodiments, the encoder 26 and/or the decoder 42 may not
be present.

[0019] The microprocessor 40 of the monitor 14 may be
coupled to an internal bus 50. The received signal from the
sensor 12 may be passed through an amplifier 52, a filter 54,
and an analog-to-digital converter 56 (ADC). As discussed in
more detail below, the filter 54 may be determined and/or
selected by the monitor 14 based at least in part on a time
varying waveform characteristic of the signal generated by
the detector 18, such as the patient’s heart rate and/or respi-
ration rate. Thus, in certain embodiments, the filter 54 may be
configured to attenuate noise at frequencies other than the
patient’s heart rate and/or respiration rate, which in turn may
enable the system 10 to reduce the current available to the
light source 16 while maintaining adequate SNR for patient
monitoring. In certain embodiments, the filter 54 may be
accessed and/or selected from a filter bank, which may
include multiple filters stored within the monitor 14, the
sensor 12, and/or an external device or network.

[0020] A time processing unit (TPU) 58 may provide tim-
ing control signals to light drive circuitry 60, which may be
configured to control and/or to adjust the power consumed by
the light source 16. For example, the light drive circuitry 60
may control and/or adjust when the light source 16 of the
sensor 12 is activated, and, if multiple light sources are used,
the multiplexed timing for the different light sources 16. In
certain embodiments, the light drive circuitry 60 may be
configured to control a duty cycle and/or to control the maxi-
mum current provided to the light source 16 of the sensor 12.
Various techniques for controlling and/or adjusting the power
consumed by the light source 16 and/or the system 10 are
discussed in more detail below.

[0021] The TPU 58 may also control the gating-in of sig-
nals from sensor 12 through a switching circuit 62. These
signals are sampled at the proper time, depending at least in
part upon which of multiple light sources is activated, if
multiple light sources are used. The digital data may then be
stored in a queued serial module (QSM) 64, for later down-
loading to RAM 66 or ROM 68 as QSM 64 fills up. In
addition, the monitor 14 may include a display 24 configured
to display information regarding the physiological param-
eters, information about the system, and/or alarm indications,
for example. The monitor 14 may also include various control
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inputs 26, such as knobs, switches, keys and keypads, touch-
screens, buttons, etc., to provide for operation and configu-
ration of the monitor 14.

[0022] As noted above, in some embodiments, the sensor
12 and the monitor 14 may communicate wirelessly 20. Thus,
the sensor 12 may include a wireless module 70 (e.g., wireless
transceiver), and the monitor 14 may include a wireless mod-
ule 72. The wireless module 70 ofthe sensor 12 may establish
the wireless communication 20 with the wireless module 72
of the monitor 14 using any suitable protocol. By way of
example, the wireless modules 70, 72 may be capable of
communicating using the IEEE 802.15.4 standard, and may
communicate, for example, using ZigBee, WirelessHART, or
MiWi protocols. Additionally or alternatively, the wireless
modules 70, 72 may be capable of communicating using the
Bluetooth standard or one or more of the IEEE 802.11 stan-
dards. In an embodiment, the wireless module 70 may include
a transmitter (such as an antenna) for transmitting wireless
data, and the wireless module 72 includes a receiver (such as
an antenna) for receiving wireless data. In an embodiment,
the wireless module 70 also includes a receiver for receiving
instructions (such as instructions to switch modes), and the
wireless module 72 also includes a transmitter for sending
instructions to the sensor 12.

[0023] Additionally, based at least in part upon the received
signals corresponding to the light received by optical compo-
nents of the sensor 12, the microprocessor 40 may be config-
ured to determine an oxygen saturation, a heart rate, a respi-
ration rate, and/or other physiological parameters using
various algorithms. The algorithms may employ certain coef-
ficients, which may be empirically determined and may cor-
respond to the wavelengths of light used. The algorithms and
coeflicients may be stored in the ROM 68 or other suitable
computer-readable storage medium or memory circuitry and
accessed and operated according to microprocessor 40
instructions.

[0024] Furthermore, one or more functions of the monitor
14 may also be implemented directly in the sensor 12. For
example, in some embodiments, the sensor 12 may include
one or more processing components configured to calculate
the oxygen saturation, the heart rate, the respiration rate,
and/or various physiological parameters from the signals
obtained from the patient. The sensor 12 may have varying
levels of processing power, and may wirelessly output data in
various stages to the monitor 14. For example, in some
embodiments, the data output to the monitor 14 may be ana-
log signals, such as detected light signals (e.g., pulse oxim-
etry signals or regional saturation signals), or processed data.
[0025] As noted above, it may be desirable for the system
10 to reduce the power consumed by the light source 16 of the
sensor 12. Accordingly, FIG. 2is a block diagram of amedical
monitoring system 10 with reduced power consumption, in
accordance with an embodiment. Although the embodiment
described with respect to FIG. 2 relates to detecting a pulse
rate and selecting a filter based on the pulse rate, it should be
understood that the system 10 may additionally or alterna-
tively be configured to determine a respiration rate and to
select the filter based on the respiration rate (or select one or
more filters based on the heart rate and the respiration rate), as
described in more detail below. As shown, the system 10
includes a pulse rate detection block 80 (e.g., heart rate detec-
tion block), a filter selection block 82, and the light drive
circuitry 60. The pulse rate detection block 80 may be data
processing circuitry within the monitor 14 and may be gen-
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erally configured to determine the patient’s heart rate. The
pulse rate detection block 80 may determine and/or obtain the
patient’s heart rate in any suitable manner. For example, in
some embodiments, the pulse rate detection block 80 may
determine the patient’s heart rate based on a signal received
from the sensor 12. In such embodiments, it may be desirable
to determine the patient’s heart rate when the light source 16
is driven at high power (e.g., provided with a high maximum
current and/or duty cycle) so that the resulting signal gener-
ated by the detector 18 has a high SNR that enables the pulse
rate detection block 80 to reliably determine the patient’s
heart rate. In certain embodiments, the pulse rate detection
block may receive a user input of the patient’s pulse rate. In
some embodiments, an external device may be utilized to
detect the patient’s heart rate. For example, the monitor 14
and/or the pulse rate detection block 80 may receive pulserate
data from an ECG sensor or monitor. In some such cases,
detections of a QRS complex from the ECG monitor may be
provided to the monitor 14 and/or the pulse rate detection
block 80 using a wireless or wired communication protocol.

[0026] With the foregoing in mind, at certain times during
a monitoring session, the system 10 may operate at a default
power level (e.g., default power mode, high power level, high
power mode). During operation at the default power level, the
light source 16 may be driven with sufficient power to enable
the detector 18 to detect the light and to generate a signal
having arelatively high SNR (e.g., a signal having a SNR that
is at least high enough for reliably determining the patient’s
heart rate). In some embodiments, the default power level
provides a maximum available current of about 40 to 60 mA,
about 45 to 55 mA, or about 50 mA to the light source 16. The
drive current provided in the default power mode may be
based on a preset value or range of values (e.g., a predeter-
mined current that is set at the manufacturing stage or prior to
the monitoring session). In certain embodiments, the drive
current provided in the default power mode may be based on
a target SNR or SNR range (e.g., a predetermined desired
SNR range or threshold set at the manufacturing state or prior
to the monitoring session), and the drive current may be
adaptively controlled to achieve the target SNR.

[0027] In certain embodiments, the drive current provided
in the default power mode may additionally or alternatively
be based on a target temperature or temperature threshold.
Thus, the drive current may be selected or limited in order to
minimize patient discomfort and/orto minimize the effects of
high temperatures at the light source 16. For example, light
source 16 temperatures less than or equal to about approxi-
mately 41 degrees Celsius or less may typically be maintained
for extended periods of time. However, it is generally desir-
able that temperatures of approximately 42 degrees Celsius
be maintained for less than or equal to about eight hours,
while temperatures of approximately 43 degrees Celsius be
maintained for less than or equal to about four hours. In some
cases, the threshold temperature may be approximately 44,
45, 46, 47, 48, or more degrees Celsius and may be main-
tained for any suitable amount oftime (e.g., 10, 15, 30,45, 60,
or more seconds). The drive currents that achieve various
target temperatures at the light source 16 may vary with the
type of light source 16 utilized.

[0028] Accordingly, in some embodiments, the sensor 12
may include an element for sensing a temperature of the light
source 16 and/or to sense a temperature of the patient’s skin at
or adjacent to an interface between the light source 16 and the
patient’s skin. For example, the temperature sensor may be
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included within or coupled to the sensor 12 or may be utilized
in conjunction with the sensor 12. In certain embodiments,
the temperature may be estimated based on physical proper-
ties of the light source 16 or detector 18, based on a resistance
or by tracking a voltage required to achieve a certain current.
[0029] Insome embodiments, the system 10 may drive the
light source 16 with sufficient power to achieve a predeter-
mined temperature (e.g., approximately 41, 42, 43,44, 45,46,
or more degrees Celsius) for a predetermined period of time
(e.g., 10, 15, 30, 45, 60, or more seconds). Through such
techniques, the system 10 may drive the light source 16 to
achieve a relatively high SNR that facilitates reliable deter-
mination of the patient’s pulse rate and selection of appropri-
ate filters based on the pulse rate, as disclosed herein. By way
of example, driving the light source 16 with a drive current to
achieve a predetermined temperature greater than approxi-
mately 41 degrees Celsius may enable the system 10 to deter-
mine the patient’s pulse rate even in relatively noisy environ-
ments, where lower drive currents may not be adequate for
reliably determining the patient’s rate. In some embodiments,
the light source 16 may be driven to achieve a relatively high
predetermined temperature (e.g., 42, 43, 44, or more degrees
Celsius) in order to provide a signal with a high SNR and to
facilitate determination of the patient’s pulse rate within a
relatively short period of time (e.g., less than about 5, 10, 15,
20, 25, or 30 seconds).

[0030] The default power level may be desirable at the
beginning of a monitoring session or when the sensor 12
and/or the monitor 14 are first powered on, for example. The
signal generated by the detector 18 during operation at the
default power level may be transmitted from the detector 18 to
the pulse rate detection block 80. In some embodiments, the
signal may be filtered (e.g., by filter 54 of FIG. 1) to a rela-
tively wide bandwidth (e.g., suitable for human heart rates up
to 300beats per minute) prior to being transmitted to the pulse
rate detection block 80.

[0031] In certain embodiments, the pulse rate detection
block 80 may be configured to process the signal and to
determine the patient’s heart rate using one or more algo-
rithms. The patient’s heart rate may be determined via any
suitable technique. For example, one technique for determin-
ing a heart rate from the optical signal received from the
detector 18 is to count zero crossings. In some embodiments
sequences of crests and troughs in the data are identified and
used to determine the heart rate. The pulse rate detection
block 80 may determine a power spectrum of one or more of
the wavelengths and use the power spectrum data to deter-
mine and/or to find the heart rate. In certain embodiments, the
pulse detection block 80 may determine a fundamental fre-
quency (e.g., the patient’s heart rate) of the received signal
(e.g., the sampled waveform) based on the frequency at which
the signal has a maximum amplitude. Various techniques for
determining pulse rate based on the optical signal are
described, for example, in U.S. Pat. No. 731,753 entitled
“Pulse Oximeter with Parallel Saturation Calculation Mod-
ules,” which is incorporated by reference in its entirety for all
purposes.

[0032] Regardless of the manner in which the patient’s
pulse rate is determined, the pulse rate may be provided as an
input to the filter selection block 82. The filter selection block
82 may be firmware or data processing circuitry of the moni-
tor 14 and may be generally configured to generate, select,
and/or change (e.g., adapt) at least one filter 54 used for
processing the signal based at least in part on the patient’s
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heart rate. For example, in certain embodiments, the filter
selection block 82 may apply a suitable low pass filter to
remove noise higher than the patient’s heart rate (or related
harmonics). Additionally or alternatively, the filter selection
block 82 may apply a suitable high pass or band pass filter to
remove noise below the patient’s heart rate. In some embodi-
ments, the filter selection block 82 may apply multiple band
pass filters and/or may apply various combinations of filters
(e.g., a comb filter in combination with a low pass filter).
Through such filtering techniques, noise at frequencies other
than the heart rate may be reduced, and the system may
decrease the light source power while maintaining an
adequate SNR for patient monitoring.

[0033] A suitable filter 54 may be generated and/or selected
in any of a variety of manners. Prior to or during the moni-
toring session, the filter selection block 82 may change at
least one filter 54 and/or adjust coefficients of at least one
filter 54 based at least in part on the patient’s heart rate. In
some embodiments, the filter coefficients may be selected
from a plurality of discrete coefficients (e.g., preset or stored
values within a memory of the monitor 14). Additionally, the
filter 54 and/or the filter coefficients may be periodically (e.g.,
at predetermined intervals) updated or adjusted during the
monitoring session. Additionally, in certain embodiments,
the filter 54 and/or the filter coefficients may be continuously
tuned based on the patient’s heart rate. For example, in some
embodiments, the filter 54 and/or the filter coefficients may
be adjusted if a change in the patient’s heart rate are detected
(e.g., when the patient’s heart rate changes by more than a
threshold amount or percentage) during the monitoring ses-
sion. In certain embodiments, the filter 54 and/or the filter
coeflicients may be changed if the monitor 14 detects that the
filter 54 is not suitably tracking the patient’s heart rate (e.g.,
the filter 54 does not pass frequencies at the patient’s heart
rate or related harmonics and/or does not block noise at fre-
quencies above or below the patient’s heart rate). The monitor
14 may be configured to determine whether the filter 54 is
tracking the patient’s heart rate based on any of a variety of
signal characteristics or metrics, as described in more detail
below.

[0034] Incertain embodiments, the filter selection block 83
may be configured to design and/or generate the filter 54
during the monitoring session (e.g., at runtime) using any
suitable filter design algorithm. The filter design algorithm
may be configured to design the filter 54 based at least in part
on the patient’s pulse rate or pulse rate data (e.g., historical
pulse data over 1, 2, 3, or more minutes ), as determined and/or
received at the pulse rate detection block 80, for example.

[0035] In other embodiments, the filter selection block 82
may select an appropriate filter 54 from a filter bank, which
may include a plurality of filters 54 stored within the monitor
14, the sensor 12, and/or on an external network or device. In
certain embodiments, the filter bank may include one or more
low pass, high pass, band pass filters, comb filters, and/or any
other type of filter suitable for filtering signals based on
various patient heart rates. For example, the bank may include
one or more low pass filters configured to pass frequencies
below about 5, 4.5, 4,3.5, 3, 2.5, 2, 1.5, or 1 Hz and/or high
pass filters configured to pass frequencies greater than about
0.5,1,1.5,2,2.5,3,3.5, or 4 Hz. In some embodiments, the
bank may include one or more band pass filters having any
suitable pass bandwidth, such as about 0.5, 1, 1.5, 2 or more
Hz. The band pass filters may have any suitable frequency
bands, such as about0.5t0 1, 1 to 1.5, 1.5 to 2 Hz. As set forth
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above, the filter selection block 82 may access the filter bank
and/or select an appropriate filter 54 from the filter bank based
at least in part on the patient’s heart rate. For example, the
filter selection block 82 may select and/or apply a bandpass
filter having a center frequency that is closest to the patient’s
fundamental frequency (e.g., the frequency band may be cen-
tered about the patient’s fundamental frequency). In certain
embodiments, the filter selection block 82 may generate a
bandpass filter by shifting a prototype filter (e.g., a filter
stored in the filter bank) to a desired center frequency, such as
by heterodyning the prototype filter to the desired pulse rate
using a complex exponential, for example.

[0036] Incertain embodiments, the filter selection block 82
may select and/or apply a bandpass filter having pass band-
width sufficient (e.g., broad or wide enough) to accommodate
small changes in heart rate such as changes due to a respira-
tory sinus arrhythmia or other slightly irregular rhythms, for
example. In certain embodiments, it may be desirable to
select and/or apply the filter 54 to pass frequencies other than
the heart rate. For example, some patients may have an atrio-
ventricular block (e.g., a 2" or 3™ degree AV black) that
results in irregular pulses (e.g., a pulse rate with known,
predictable, or expected irregularities in the pulse rate) and/or
certain patients may experience frequent ectopic beats (e.g.,
frequencies higher than the pulse rate). In some such cases,
the monitor 14 and/or the pulse rate detection block 80 may
employ a clustering algorithm to cluster the measured or
detected pulses, for example. Through such techniques, the
filter selection block 82 and/or the filter selection algorithm
may select and/or generate the filter 54 based on the clusters
determined by the clustering algorithm.

[0037] Similarly, in addition to generating and/or selecting
the filter 54 to reduce noise at frequencies other than the
patient’s heart rate, the filter selection block 82 may generate
and/or select one or more filters 54 having certain character-
istics (e.g., pass bandwidth) tuned for the particular patient.
Thus, in certain embodiments, the pass bandwidth may be
selected to accommodate changes (e.g., expected changes) in
the patient’s heart rate. In some embodiments, the pass band-
width may be selected based on historical or previous data.
For example, the monitor 14 may determine or receive an
input indicating that the patient’s heart rate has been or is
currently changing significantly (e.g., by about 3%, 5%, 10%
or more over a period of time, such as 0.5, 1, 2, or more
minutes). In such cases, the filter selection block 82 may
select and/or modify the filter 54 to have an adequately wide
pass bandwidth to accommodate changes in the patient’s
heart rate. For example, the filter selection block 82 may
select the pass bandwidth such that 1, 2, 3, or more standard
deviations of past pulses (e.g., historical data or pulses or
subset of pulses obtained in prior 1, 2, 3, or more minutes) are
accommodated.

[0038] Incertain embodiments, the filter selection block 82
may generate, access, and/or select a comb filter configured to
pass energy at a specific frequency and all harmonics thereof.
In a plethysmography signal, most of the energy is at the
patient’s heart rate. However, harmonics of the heart rate
contain energy that contributes to the pulse shape and features
ofthe signal, such as a dicrotic notch, that are useful for signal
processing. Thus, the comb filter may be configured to pass
the fundamental frequency as well as higher frequency com-
ponents related to the pulse shape and dicrotic notch. In some
embodiments, gain settings of the amplifier 52 may be
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adjusted to apply a relatively high gain to a fundamental
frequency, while less gain is applied to the higher harmonics.
[0039] Using the comb filter, the system 10 may be config-
ured to comb the signal received from the detector 18 so that
only the energy at integer multiples of the heart rate passes
through the filter. For example, if the patient’s heart rate is 60
beats per minute (1 Hz), the filter selection block 82 may
generate or select a comb filter configured to pass energy at 1
Hz,2 Hz, 3 Hz, 4 Hz, etc. and to remove or attenuate energy
outside this band. In some embodiments, an adaptive comb
filtering (ACF) technique may be utilized. In such cases, the
system 10 estimates the fundamental frequency over time and
adaptively adjusts the comb filter as the patient’s heart rate
changes. Additionally, in certain embodiments, the comb fil-
ter may be modified or convolved with another filter as appro-
priate. For example, the comb filter may be modified or con-
volved with a suitable low pass filter so that higher harmonics
are attenuated. Various techniques for generating, adapting,
and applying comb filters are described in U.S. Pat. No.
7,336,983, entitled “Pulse Oximeter with Parallel Saturation
Calculation Modules,” the entirety of which is incorporated
herein by reference in its entirety for all purposes.

[0040] By selecting and applying suitable filters based at
least in part on the patient’s heart rate, the noise acquired by
the system 10 at the front end may be reduced. Thus, the light
source 16 does not require a high current drive to maintain an
acceptable SNR for patient monitoring. Accordingly, in such
circumstances, the system 10 may be configured to operate at
alow power level (e.g., a low power mode or a reduced power
mode) or to enable the low power level in which the light drive
circuitry 60 is configured to reduce the power provided to the
light source 16 after the filter selection block 82 selects and
applies the appropriate filter 54 to the signal.

[0041] The light drive circuitry 60 may adjust power to the
light source 16 via any suitable technique or combination of
techniques. For example, the power to the light source 16 may
be reduced by one or more of driving less current through the
light source 16 (e.g., by limiting a maximum amount of
current available to the light source 16), applying shorter duty
cycles, by driving the light source 16 less often, or by adjust-
ing a pattern of illumination. Such techniques may be pet-
formed alone or in any suitable combination to reduce the
power consumed by the light source 16. In certain embodi-
ments, if the light drive technique uses a sinusoid waveform,
the amplitude and/or bias of the sinusoid may be adjusted to
reduce the power provided to the light source. In some
embodiments, the maximum current provided to the light
source 16 after application of the filter 54 and/or during the
low power mode may be about 15 to 40 mA, about 20 to 30
mA, or to about 25 mA. In some cases, the power to the light
source 16 may be automatically reduced by the system 10
after and/or in response to selection and application of the
filter 54 by the filter selection block 82. Furthermore, in
certain embodiments, the system 10 may reduce the power to
the light source 16 to a predetermined level (e.g., a predeter-
mined level or current that is set at the manufacturing stage or
prior to the monitoring session) once the filter 54 is applied.
By way of example, the system 10 may automatically reduce
the maximum available current to the predetermined level of
about 25 mA in response to application of the suitable filter
54.

[0042] In certain embodiments, the power consumption of
the system 10 may be reduced by additionally or alternatively
adjusting a sampling rate (or oversampling ratio) or the num-
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ber of bits output by the ADC 56. For example, after the filter
selection block 82 applies the appropriate filter, the system 10
may then reduce (e.g., automatically reduce) the sampling
rate of the ADC 56 and/or the number of bits output by the
ADC 56 (e.g., by placing the ADC 56 in a 16-bit mode, 13-bit
mode, 9-bit mode, or any suitable mode). In certain embodi-
ments, an ADC hardware averaging setting may be varied
based on application of the filter 54, the SNR, or signal
quality, for example. In some embodiments, the ADC 56 may
be adjusted to operate in a differential mode (e.g., the ADC 56
is configured to measure a voltage difference between two
pins) or a singled ended mode (e.g., the ADC 56 is configured
to measure the voltage difference between one pin and a
ground) based on application of the filter 54, the SNR, or
signal quality, for example.

[0043] In some embodiments, as discussed in more detail
below with respect to FIG. 3, the system 10 may evaluate the
signal (e.g., signal quality, SNR, and/or other suitable signal
characteristic) prior to adjusting the power provided to the
light source 16 and/or power provided to other components of
the system 10, such as the ADC 56. Accordingly, FIG. 3 is a
block diagram of another medical monitoring system with
reduced power consumption, in accordance with an embodi-
ment. In the illustrated embodiment, the system 10 includes
the sensor 12 and the monitor 14 having the pulse rate detec-
tion block 82, the filter selection block 84, the light drive
circuitry 60, as well as a signal quality determination block
92. As set forth above, in some embodiments, the signal may
be transmitted from the detector 18 to the pulse rate detection
block 82, which is configured to determine the patient’s heart
rate. The filter selection block 84 is configured to generate,
select, and/or apply one or more filters 54 based at least in part
on the heart rate. After the selected filter 54 is applied to the
signal, the signal quality determination block 92 may evalu-
ate the filtered signal to determine whether the filter suitably
tracks the patient’s heart rate such that the system 10 may
reduce the power provided to the light source 16. The signal
quality determination block 92 may consider any suitable
metrics, such as pulse shape metrics, amplitude, SNR, mar-
gins of various physiological parameters such as oxygen satu-
ration, pulse rate, respiration rate, or any combination
thereof. For example, the signal quality determination block
92 may evaluate the peak amplitude of the signal. In some
such cases, if the peak amplitude of the filtered signal exceeds
a predetermined threshold value for a predetermined period
of time (e.g., 10, 20, 30, 40, 50, 60, or more seconds), then the
signal quality determination block 92 may determine that
filter 54 suitably tracks the heart rate, and thus, the power to
the light source 16 or to the ADC 56 may be reduced. Accord-
ingly, the light drive circuitry 60 may be instructed and/or
signaled to reduce the power provided to the light source 16,
as set forth above.

[0044] As noted above, in some embodiments, the signal
quality determination block 92 may additionally or alterna-
tively determine and/or monitor the SNR of the signal. In such
cases, the signal quality determination block 92 may deter-
mine that the filter 54 adequately reduces the SNR of the
signal and/or that the SNR of the signal is above a predeter-
mined threshold value, and thus, the power to the light source
16 may be reduced. For example, if the signal quality deter-
mination block 92 determines that the SNR is above the target
SNR threshold (e.g., a desired SNR threshold preset at the
manufacturing state or prior to the monitoring session), the
light drive circuitry 60 may be instructed and/or signaled to
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reduce the power provided to the light source 16, as set forth
above. In some embodiments, the power to the light source 16
may be reduced by transitioning from the high powermode to
the low power mode (e.g., decreasing the maximum available
current to the light source 16 from about 50 mA to about 25
mA or other suitable value).

[0045] However, in certain embodiments, the power level
may be adaptively and/or incrementally adjusted over time
based on the monitored SNR and/or based on the degree with
which the filter 54 suitably tracks the patient’s heart rate (e.g.,
based on various signal metrics), as determined by the signal
quality determination block 92, for example. Thus, the power
level to the light source 16 may be adaptively and incremen-
tally adjusted to control the signal to the target SNR. In such
embodiments, the system 10 may not alternate between the
discrete high power mode or the low power mode, but may
decrease the power or the maximum current provided to the
light source 16 adaptively and/or incrementally in response to
changes in the SNR and/or in response to the determination
related to the degree with which the selected filter 54 tracks
the signal. By way of example, the filter selection block 84
may select and/or apply one or more filters 54 to the signal
based at least in part on the heart rate. The signal quality
determination block 92 may monitor the SNR of the signal
after application of the one or more filters 54, and the power
level (e.g., the maximum available current) of the light source
16 may be adjusted based on the monitored SNR and may be
adjusted to control the power to achieve the target SNR. Thus,
in such cases, the power level may be adjusted along a con-
tinuum (e.g., between about 20 mA to about 60 mA) rather
than being adjusted from the high current (e.g., about 50 mA)
in the high power mode to the low current (e.g., about 25 mA)
in the low power mode after application of the one or more
filters 54.

[0046] In some embodiments, the system 10 may be con-
figured to adaptively adjust the power level to the light source
16 to achieve a certain target SNR, and the target SNR may
remain stable during operation of the system 10, regardless of
the power that is being provided to the light source 16 (e.g.,
regardless of the current provided and/or regardless of
whether the system 10 is operating in the default power mode
or the low power mode). However, in other embodiments, the
target SNR may vary based on the power level or power mode.
For example, when operating in the high power mode, the
system 10 may provide a power level sufficient to achieve a
first target SNR. When the first target SNR range is achieved,
the system 10 may then reduce the power level (e.g., to the
low power mode) and may also be configured to control the
SNR to a second target SNR range, different (e.g., higher or
lower) than the first. Thus, when operating at in the high
power mode, the system 10 attempts to achieve a higher SNR
so as to select a suitable filter 54. When operating in the low
power mode, the system 10 may be configured to accept a
lower SNR to reduce power consumption while still achiev-
ing a signal of suitable quality for monitoring the patient’s
physiological characteristics, for example.

[0047] With the foregoing in mind, FIG. 4 and FIG. 5 are
flow charts illustrating various methods for operating a moni-
toring system with reduced power consumption. The methods
include various steps represented by blocks. It should be
noted that any of the methods provided herein may be per-
formed as an automated procedure by a system, such as
system 10. Although the flow charts illustrate the steps in a
certain sequence, it should be understood that the steps may
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be performed in any suitable order and certain steps may be
carried out simultaneously, where appropriate. Further, cet-
tain steps or portions of the methods may be performed by
separate devices. For example, a first portion of the method
may be performed by the sensor 12, while a second portion of
the method may be performed by the monitor 14. In addition,
insofar as steps of the methods disclosed herein are applied to
the received signals, it should be understood that the received
signals may be raw signals or processed signals. That is, the
methods may be applied to an output of the received signals.

[0048] With the foregoing in mind, FIG. 4 is a process flow
diagram of a method of operating a monitoring system with
reduced power consumption, in accordance with an embodi-
ment. The method is generally indicated by number 100. In
certain embodiments, the method 100 begins by obtaining a
signal, such as a plethysmography signal, at step 102. In some
embodiments, the signal may be obtained by a sensing device,
such as the sensor 12, and the signal may be provided to a
monitoring device, such as the monitor 14. The signal may be
obtained while the sensor 12 is operating at the default power
level in which the light source 16 is supplied with a first
maximum current to achieve a relatively high SNR, for
example.

[0049] At step 104, a heart rate may be obtained by the
monitor 14. Theheart rate may be obtained and/or determined
by the monitor 14 in any suitable manner. For example, in
some embodiments, the monitor 14 may be configured to
determine the heart rate based on the signal obtained in step
102. In other embodiments, a signal indicative of the heart
rate may be generated by an external device such as an elec-
trocardiogram device or the like, and the monitor 14 may be
configured to receive and to process the signal from the exter-
nal device to determine the patient’s heart rate. In yet other
embodiments, the heart rate may be provided to the monitor
14 by the external device (e.g., an ECG) or by a user.

[0050] At step 106, the monitor 14 may select an appropri-
ate filter 54 and/or filter coefficients based at least in part on
the heart rate. As set forth above, in some embodiments, the
monitor 14 may access a filter bank stored within the monitor
14, the sensor 12, or an external network or device. The
monitor 14 may select one or more suitable filters 54 from the
filter bank based at least in part on the patient’s heart rate. At
step 108, the monitor 14 may apply the one or more selected
filters 54 to the signal. As discussed above, applying the one
or more filters 54 based on the patient’s heart rate to the signal
generated by the detector 18 may increase the SNR and
enable the power consumed by the system 10 to be reduced
(e.g., to enable low power mode). Accordingly, at step 110,
the power to the light source 16 of the sensor 12 may be
reduced via any suitable techniques. In some embodiments,
the power to the light source 16 may be reduced by driving a
second maximum current through the light source 16,
wherein the second maximum current is lower than the first
maximum current (e.g., by limiting a maximum amount of
current available to the LED), by applying shorter duty
cycles, or by driving the light source 16 less often, or via any
other suitable technique or combination of techniques, as
discussed above. In some embodiments, the power to the
ADC 56 may additionally or alternatively be reduced. As
noted above, in some embodiments, the monitor 14 may be
configured to monitor the signal quality or any of a variety of
suitable signal metrics to determine whether the signal qual-
ity and/or the SNR is adequate (e.g., at or above predeter-
mined thresholds) prior to reducing the power to the system
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10. Additionally, the power level may be adjusted adaptively
or incrementally to maintain a target SNR. In certain embodi-
ments, the power level to the light source 16 may be adjusted
from the first maximum current (e.g., about 50 mA) to the
second maximum current (e.g., about 25 mA) lower than the
first in response to application of the one or more filters 54
and/or in response to adequate signal quality or SNR as deter-
mined by the signal quality determination block 92, for
example.

[0051] In some cases, it may be desirable to adaptively
modify a filter as the patient’s heart rate changes during a
monitoring session. Accordingly, FIG. 5 is a process flow
diagram of a method of updating a filter to enable a monitor-
ing system to operate at reduced power, in accordance with an
embodiment. Typically the patient’s heart rate changes rela-
tively slowly or only changes by a small amount, and thus the
adaptive comb filter or the pass band width of the band pass
filter may be sufficient to track changes in the patient’s heart
rate over time. For example, the filter 54 may be configured to
accommodate certain changes in the patient’s heart rate (e.g.,
relatively small changes in the patient’s heart rate, such as
changes of about 1%, 2%,3%, 4%, 5%, or more). However, in
some circumstances, the patient’s heart rate may change sud-
denly (e.g., due to arthythmia, ectopic beats, or the like)
and/or by a relatively large amount or percentage (e.g., by
more than about 1%, 2%, 3%, 4%, 5%, or more), and the filter
54 may not track the patient’s heart rate in such cases.
[0052] With the foregoing in mind, FIG. § sets forth a
method that is generally indicated by number 120. In certain
embodiments, the method 120 begins by applying one or
more filters 54 based on the patient’s heart rate to a signal,
such as a plethysmography signal, in step 122. The signal may
be obtained by the sensor 12, and the one or more filters 54
may be applied by the monitor 14, as set forth above. At step
124, the system 10 may reduce the power provided to the light
source 16 of the sensor 12 to operate ata low power level (e.g.,
a low power mode, a reduced power level, a reduced power
mode). At step 126, the system 10 may determine that the
filter 54 is not tracking the heart rate. The monitor 14 may
determine that the filter 54 is not tracking the heart rate based
on various metrics, such as decreased SNR, changes in signal
metrics or features (e.g., pulse shape metrics, amplitude, etc.),
and/or certain changes in measured physiological parameters
(e.g., oxygen saturation), for example.

[0053] At step 128, the monitor 14 may adjust the filter
coefficients, pass bandwidth (e.g., increase the pass band-
width), the type of filter, or any suitable feature of the one or
more filters 54 to accommodate the change in the patient’s
heart rate. Additionally or alternatively, the monitor 14 may
increase the power to the light source 16 (e.g., to the default
power level) and/or the ADC 56. The increased power may
enable the detector 18 to generate a signal with relatively high
SNR for patient monitoring. Additionally, the monitor 14
may process the signal to determine the patient’s heart rate
(e.g., an updated heart rate), as set forth above with respect to
FIG. 2, for example. At step 134, after the heart rate is deter-
mined, the monitor 14 may generate or select one or more
filters 54 (e.g., updated filters) or filter coefficients based on
the patient’s updated heart rate. The monitor 14 may apply the
one or more updated filters 54 to the signal obtained by the
detector 18, and resume monitoring at the low power level as
set forth in step 124.

[0054] As discussed above, it should be understood that the
system 10 may be adapted to additionally or alternatively
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filter the signal received from the sensor 12 based on the
patient’s respiration rate. Thus, the system 10 may be config-
ured to determine the patient’s respiration rate and to gener-
ate, select, and/or apply the filter 54 to the signal received
from the sensor 12 based on the patient’s respiration rate in
order to increase the SNR and to enable the system 10 to
operate at reduced power. In such cases, the system 10 may
include a respiration rate determination block in lieu or in
addition to the pulse rate detection block 80. The respiration
rate determination block may be configured to determine the
respiration rate via any suitable technique. For example, the
respiration rate may be determined via the techniques dis-
closed in U.S. Publication No. 2011/0071406 entitled “Deter-
mining a Characteristic Respiration Rate,” U.S. Publication
No. 2011/0021892 entitled “Systems and Methods for Res-
piration Monitoring,” U.S. Patent Publication No. 2010/
0331724 entitled “Determining a Characteristic Blood Pres-
sure, or in U.S. Pat. No. 5,782,756 entitled “Method and
Apparatus for in vivo Blood Constituent Analysis,” which are
incorporated by reference in their entirety for all purposes.
For example, the monitor 14 may be configured to determine
the respiration rate based on the signal (e.g., plethysmogra-
phy signal) received from the sensor 12. As shown in FIG. 6,
aplethysmography signal 150 obtained from the patient over
a period of time may oscillate (e.g., a baseline of the signal
150 may oscillate in relation to the patient’s breathing as
indicated by line 152). The signal 150 may include other
oscillatory features, such as a pulse 154. The oscillations may
be analyzed by the monitor 14 to determine the patient’s
respiration rate. In some embodiments, the monitor 14 may
be configured to transform the signal 150 and to derive the
respiration rate based on certain features of the transformed
signal 150, such as a ridge corresponding to a characteristic
frequency. Additionally, in certain embodiments, the respira-
tion rate may be determined by any suitable external device
(e.g., a chest band sensor, a flow meter, or the like), and the
respiration rate may be provided (e.g., communicated) to the
monitor 14. In certain embodiments, the respiration rate may
be input to the monitor 14 by a user.

[0055] Regardless of the manner in which the respiration
rate is determined, the system 10 may be configured to utilize
the respiration rate to generate and/or to select the filter 54
using any of the techniques disclosed above. Thus, the filter
54 may be based on the respiration rate and/or the pulse rate,
or one or more different filters 54 may be based on the respi-
ration rate and the pulse rate. The filter 54 based on the
respiration rate may be generated and/or selected through any
of the techniques set forth above and adapted for use with the
respiration rate. In some cases, a typical patient may have a
respiration rate of approximately 12-18 breaths per minute, or
0.2-0.3 Hz. Thus, in certain embodiments, the filter 54 may
include a low pass filter configured to pass frequencies below
about 1, 0.5, 0.4, 0.3, 0.2, or 0.1 Hz, for example, in order
reduce baseline shifts due to oscillations due to the patient’s
breathing Various other types of filters may be selected and/or
applied, including those discussed above. Additionally, the
filter 54 may be generated and/or selected to accommodate
expected respiration rate variability (e.g., based on historical
data), as set forth above with respect to pulse rate.

[0056] Embodiments of the present disclosure are gener-
ally directed toward power efficient medical monitoring sys-
tems and methods. To minimize the effects of noise, typically
pulse oximetry systems drive the light source with a large
amount of current. While the high current drive may mini-
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mize the effects of noise and provide a signal having suffi-
ciently high SNR to facilitate patient monitoring, the high
current drive also consumes a significant amount of power.
The embodiments described herein enable the monitoring
system to operate in a power efficient manner in part by
generating, selecting, and/or applying suitable filters to the
signal at a pre-processing stage (e.g., frontend) to reduce
noise in the signal. Such filtering techniques may in turn
enable the system to lower the current drive to the light
source, while maintaining an adequate SNR for patient moni-
toring,

[0057] While the disclosure may be susceptible to various
modifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and have
been described in detail herein, However, it should be under-
stood that the embodiments provided herein are not intended
to be limited to the particular forms disclosed. Rather, the
various embodiments may cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of the
disclosure as defined by the following appended claims. Fur-
thet, it should be understood that certain elements of the
disclosed embodiments may be combined or exchanged with
one another.

What is claimed is:
1. A monitor comprising:

a sensor interface configured to obtain a signal from a
sensor applied to a patient;

data processing circuitry configured to:
obtain a heart rate of the patient;
select a filter based at least in part on the heart rate; and

filter the signal using the selected filter to reduce noise at
frequencies other than the heart rate; and

alight source drive circuitry configured to reduce power to
a light source of the sensor after the selected filter is
applied to the signal.

2. The monitor of claim 1, wherein the heart rate is detet-
mined by the monitor based on the signal.

3. The monitor of claim 1, comprising a memory having a
filter bank comprising one or more filters, wherein the data
processing circuitry is configured to access the filter bank and
to select the filter from the filter bank.

4. The monitor of claim 1, wherein the selected filter com-
prises a band pass filter.

5. The monitor of claim 4, wherein the monitor is config-
ured increase a pass bandwidth of the band pass filter if the
monitor determines that the band pass filter does not track the
patient’s heart rate.

6. The monitor of claim 1, wherein the selected filter com-
prises a comb filter.

7. The monitor of claim 6, wherein the monitor is config-
ured to estimate the fundamental frequency over time and to
adaptively adjust the comb filter as the heart rate changes.

8. The monitor of claim 1, wherein the light source drive
circuitry is configured to increase the power to the light
source of the sensor if the monitor determines that the
selected filter does not track the heart rate.

9. The monitor of claim 1, wherein the light source drive
circuitry is configured to reduce the power to the light source
by reducing a maximum current available to the light source
of the sensor.
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10. A monitoring system comprising:

asensor interface configured to receive a plethysmography

signal from a sensor;

circuitry configured to:

obtain a heart rate of the patient;

select a filter based at least in part on a heart rate of the
patient;

apply the filter to the plethysmography signal to increase
a signal to noise ratio of the plethysmography signal;
and

reduce power to at least one light source of the sensor
after the filter is applied to the plethysmography sig-
nal.

11. The monitoring system of claim 10, wherein the cir-
cuitry is configured to determine the heart rate of the patient
based on the plethysmography signal.

12. The monitoring system of claim 10, wherein the cir-
cuitry is configured to determine whether the filter tracks the
heart rate during a monitoring session.

13. The monitoring system of claim 12, wherein the cir-
cuitry is configured to adjust the filter if it is determined that
the filter does not track the heart rate.

14. The monitoring system of claim 12, wherein the cir-
cuitry is configured to increase the power to the at least one
light source of the sensor if it is determined that the filter does
not track the heart rate.
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15. The monitoring system of claim 10, further comprising
the sensor providing the plethysmography signal to the sensor
interface.

16. A method for monitoring a patient comprising:

receiving a signal from a sensor applied to a patient;

determining a heart rate of the patient from the signal;
selecting a filterbased at least in part on the heart rate of the
patient;

applying the filter to the signal; and

reducing power to a light source of the sensor after the filter

is applied to the signal.

17. The method of claim 15, comprising increasing the
power to the light source if it is determined that the filter does
not track the heart rate.

18. The method of claim 15, wherein reducing the power to
the light source comprises reducing a maximum current avail-
able to the light source.

19. The method of claim 15, wherein the filter is a band pass
filter.

20. The method of claim 18, comprising adjusting the pass
bandwidth of the filter if it is determined that the filter does
not track the heart rate.

21. The method of claim 15, wherein the filter is an adap-
tive comb filter.
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