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(57) Abstract: A system is disclosed for detecting and
calculating the level of ambient and/or environmental
noise, such as electromagnetic interference generated
by electric power lines, ambient lights, light dimmers,
television or computer displays, power supplies or
transformers, and medical equipment. In some em-
bodiments, the system performs frequency analysis on
the interference signal detected by light photodetec-
tors and determines the power of the interference sig-
nal concentrated in the analyzed frequency bands. The
worst-case interference level can be determined by se-
lecting the maximum from the computed power val-
ues. In some embodiments, the determined interfer-
ence signal power can be compared with the noise tol-
erance of a patient monitoring system configured to
reliably and non- invasively detect physiological pa-
rameters of a user. The results of the comparison can
be presented to the user audio-visually. In some em-
bodiments, the system can be used to perform spot
check measurements of electromagnetic interference.
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INTERFERENCE DETECTOR FOR PATIENT MONITOR

REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority benefit under 35 U.S.C.
§119 (e) from U.S. Provisional Application No. 61/228,495, filed July 24, 2009,

entitled “Interference Detector for Patient Monitor,” which is incorporated herein by

reference.

[0002] The present application is related to U.S. Patent No. 5,919,134,
filed January 12, 1998, entitled “Method and Apparatus for Demodulating Signals in
Pulse Oximetry Systems”; and U.S. Patent No. 6,526,300, filed June 16, 200,
entitted “Pulse Oximeter Probe-Off Detection System, both of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] The present disclosure relates in general to patient monitoring

systems including a patient monitor, one or more optical sensors, and a
communication cable or device transferring signals between the monitor and the
sensor(s).

[0004] Standard of care in caregiver environments includes patient
monitoring through spectroscopic analysis using, for example, oximeter technologies
commercially available from Masimo Corporation of Irvine. Devices capable of
spectroscopic analysis generally include light sources transmitting optical radiation
into a measurement site, such as, body tissue carrying pulsing blood. After
attenuation (e.g. via transmission through tissue, reflectance, etc.) by tissue and
fluids of the measurement site, one or more photodetection devices detects the
attenuated light and outputs one or more detector signals responsive to the detected
attenuated light. One or more signal processing devices process the detector(s)
signal(s) and output a measurement indicative of a blood constituent of interest,
such as, glucose, oxygen, methemoglobin, total hemoglobin, other physiological

parameters, or other data or combinations of data useful in determining a state or
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trend of wellness of a patient. Such combinations often include statistical analysis of
one or more measurements or combinations of different parameter measurements
into useful information.

[0005] In addition to the foregoing, considerable efforts have been made
to develop noninvasive oximeter techniques for measuring other blood analytes or
patient parameters, including for example, glucose, total hemoglobin, or the like.
Unfortunately, some of these parameters have proven to be difficult to measure
using noninvasive spectroscopy. For example, the biologic tissue and water of a
measurement site have a high intrinsic absorption at many of the wavelengths of
light that are useful in measuring blood glucose. Moreover, blood glucose exists in
relatively low concentrations comparatively with other blood analytes. Furthermore,
different patients will have large variations in the optical properties of their skin and
blood composition.

[0006] Moreover, ambient and/or environment interference (i.e., noise)
can adversely affect the measurement accuracy. Interference is generated by many
commonly-used electrical devices. In a typical household for example, electric
power lines and outlets, ambient lights, light dimmers, television or computer
displays, and power supplies or transformers generate electromagnetic interference.
For example, noise caused by ambient light will generally vary with a periodicity
corresponding to a 50 Hz or 60 Hz fundamental frequency and its harmonics. As
will be understood by those of skill in the art, the ambient light frequency is a
function of the frequency of electricity powering the ambient lights and other
interfering devices and/or the frequency of naturally occurring light. The ambient
light frequency will, accordingly, change depending on the power system used to
operate the devices creating the ambient light. Harmonics of the fundamental
ambient light frequency are important because the ambient light can still cause
significant interference at the harmonic frequencies. This is particularly true when
the ambient light is provided by fluorescent lights which generate significant noise at
the second harmonic (i.e., 100 Hz or 120 Hz) and the fourth harmonic (i.e., 200 Hz
or 240 Hz). In addition in typical care environments medical equipment (e.g.,

electrocauterization  devices) also generates significant  electromagnetic
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interference. These and other challenges make signal information indicative of
physiological parameters (e.g., glucose) difficult to differentiate from the interference
signal. Moreover, patients and other users often desire glucose and other
physiological parameter data in at least spot check measurements in a wide variety

of care and non-care environments where interference levels are unknown.

SUMMARY OF THE INVENTION

[0007] In some embodiments of the present disclosure, an interference

detector configured to reliably measure the levels of ambient and/or environment
interference is described. The detector utilizes frequency analysis to determine and
calculate interference levels in the frequency bands of interest. Such bands of
interest can be configured to be those frequencies used for analysis during
measuring the various physiological parameters. For example, a modulated light
signal attenuated by body tissue or fluids can comprise physiological information at
the fundamental frequency and harmonic frequencies of the carrier signal (e.g., a
periodic pulse train). Interference levels can be measured at the fundamental
frequency and harmonic frequencies to determine the likelihood of obtaining reliable
measurements of physiological parameters in the presence of ambient and/or
environment noise.

[0008] In some embodiments of the present disclosure, the interference
levels can be computed as energy or power of interference signals concentrated at
the frequencies of interest. The maximum measured power can be used to
determine the worst-case effect of ambient and/or environmental interference on the
accuracy of measurements of physiological parameters. This maximum measured
power can be compared with a threshold to obtain an objective determination of the
significance of the interference and its expected degradation of the accuracy of the
measurements. The threshold can be selected as a multiple of the noise floor of the
interference detector or, in other words, the measured noise signal that is inherently
present in the system because of thermal noise, shot noise, and the like. The noise
floor further establishes a limit on the smallest measurement that can be reliably

preformed by the system. The multiple of the noise floor and the threshold can be
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varied depending on the type of physiological parameter being measured by the
device.

[0009] In some embodiments of the present disclosure, the interference
detector can be configured to provide audio-visual indication of the measured
interference levels, relative to the threshold, to the user. Visual indication can
comprise displaying bar graphs, charts, graphs, and the like of the measured,
relative interference levels. Audio indication can comprise speaking the severity of
the measured, relative interference levels. Audio-visual indication can be helpful in
spot check measurement situations because the user can be quickly informed as to
the expected accuracy of the measurement of physiological parameters. In
addition, the user can be quickly alerted in situations where ambient and/or
environmental interference can significantly degrade the measurement accuracy or
cause the measurements be unreliable.

[0010] For purposes of summarizing the invention, certain aspects,
advantages and novel features of the invention have been described herein. Of
course, it is to be understood that not necessarily all such aspects, advantages or

features will be embodied in any particular embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following drawings and the associated descriptions are

provided to illustrate embodiments of the present disclosure and do not limit the
scope of the claims.

[0012] FIG. 1 illustrates a perspective view of an exemplary patient
monitoring system including exemplary visual indicia of an output of an interference
detector, according to an embodiment of the disclosure.

[0013] FIG. 2 illustrates an exemplary block diagram of a patient monitor
and the interference detector of the patient monitoring system of FIG. 1.

[0014] FIG. 3 illustrates an exemplary hardware block diagram of a digital

signal processor and signal extractor of the patient monitor of FIG. 2.
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[0015] FIG. 4A-C illustrate exemplary functional block diagrams of a digital
signal processor and signal extractor and interference detector of the patient
monitor of FIG. 2.

[0016] FIG. 5 illustrates an interference detection process, according to an
embodiment of the disclosure.

[0017] FIGS. 6A-H illustrate exemplary user interface indicia indicating use

of and output from the interference detector of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] Ambient and/or environment interference (i.e., noise) can adversely

affect the measurement accuracy of non-invasive patient monitoring systems, such
as systems capable of measuring glucose, oxygen, methemoglobin, total
hemoglobin, and other physiological parameters. To perform the measurements,
these systems typically utilize signal processing analysis of optical radiation (e.g.,
light) signal detected by photodetectors after it has been attenuated by body tissue
and fluids. However, significant interference is generated by many commonly-used
electrical devices, such as electric power lines and outlets, ambient lights, light
dimmers, television or computer displays, power supplies or transformers, and
medical equipment (e.g., electrocauterization devices). It can be difficult to
differentiate signal information indicative of physiological parameters from the
interference. Moreover, patients and other users often desire glucose and other
physiological parameter data in at least spot check measurements in a wide variety
of care and non-care environments where the interference levels are unknown.
[0019] Existing solutions for measuring the interference levels can be
inadequate, especially in spot check situations. For example, one approach is to
measure the interference at the same time as performing measurements of
physiological parameters. However, this can be unreliable because interference
may be highly non-stationary and non-periodic, may have short-duration
components with significant energy levels, and so on. Accordingly, such

measurements of interference levels can be inaccurate and unreliable.
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[0020] In some embodiments of the present disclosure, an interference
detector configured to reliably measure the interference levels is described. The
detector utilizes frequency analysis to determine and calculate interference levels in
the frequency bands of interest. Such bands of interest can be configured to be
those frequencies used for analysis during measuring the various physiological
parameters. For example, a modulated light signal attenuated by body tissue or
fluids can comprise physiological information at the fundamental frequency and
harmonic frequencies of the carrier signal (e.g., a periodic pulse train). Interference
levels can be measured at the fundamental frequency and harmonic frequencies to
determine the likelihood of obtaining reliable measurements of physiological
parameters in the presence of ambient and/or environment noise. In some
embodiments, the interference levels can be used to determine a best modulation
rate that will result in the least interference to the desired signal.

[0021] In some embodiments of the present disclosure, the interference
levels can be computed as energy or power of interference signals concentrated at
the frequencies of interest. The maximum measured power can be used to
determine the worst-case effect of ambient and/or environmental interference on the
accuracy of measurements of physiological parameters. This maximum measured
power can be compared with a threshold to obtain an objective determination of the
significance of the interference and its expected degradation of the accuracy of the
measurements. The threshold can be selected as a multiple of the noise floor of the
interference detector or, in other words, the measured noise signal that is inherently
present in the system because of thermal noise, shot noise, and the like. The noise
floor further establishes a limit on the smallest measurement that can be reliably
performed by the system. The multiple of the noise floor and the threshold can be
varied depending on the type of physiological parameter being measured by the
device.

[0022] In some embodiments of the present disclosure, the interference
detector can be configured to provide audio-visual indication of the measured
interference levels, relative to the threshold, to the user. Visual indication can

comprise displaying bar graphs, charts, graphs, and the like of the measured,
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relative interference levels. Audio indication can comprise speaking the severity of
the measured, relative interference levels. Audio-visual indication can be helpful in
spot check measurement situations because the user can be quickly informed as to
the expected accuracy of the measurement of physiological parameters. In
addition, the user can be quickly alerted in situations where ambient and/or
environmental interference can significantly degrade the measurement accuracy or
cause the measurements be unreliable.

[0023] To facilitate a complete understanding of the invention, the
remainder of the detailed description describes the invention with reference to the
drawings, wherein like reference numbers are referenced with like numerals
throughout.

[0024] FIG. 1 illustrates a perspective view of a patient monitoring system
100, according to an embodiment of the disclosure. The system 100 includes a
portable patient monitor 103 capable of noninvasively determining one or more
psychological parameters and also interference levels. The portable patient monitor
103 communicates with an optical sensor 101 through a cable 112. In some
embodiments, the patient monitor 103 drives the sensor 101 to emit light of different
wavelength into a body tissue (not shown). The sensor 101 detects the light after
attenuation by the body tissue and outputs a signal indicative of the amount of light
received by the sensor 101 (which can include attenuation) through the cable 112.
In addition, in some embodiments, the monitor 103 communicates with a
temperature sensor and a memory device associated with one or more of the
sensor 101 and the cable 112, through the cable 112. In some embodiments, the
monitor 103 communicates with other storage devices and remote devices via a
network interface (not shown).

[0025] The patient monitor can comprise a display 110 and one or more
control buttons 108. In some embodiments, the display 110 can be a touch
sensitive display that can include one or more virtual controls and/or changing
display and/or control screens. The display 110 can be configured to display a wide
variety of measured psychological parameters in a manner that provides for quick

and efficient conveyance of information to a user. For example, the display 110 can
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show values for blood oxygen saturation, pulse, glucose, methemoglobin, total
hemoglobin, and the like. In addition, as shown in FIG. 1, the display 110 can
convey visual indicia of the detected noise interference levels. For example, the
display 110 can be configured to output a bar graph where, as explained in more
detail below, green shading corresponds to low level interference levels and red
shading corresponds to high interference levels.

[0026] FIG. 2 illustrates a block diagram of a patient monitor and
interference detector of the patient monitoring system 200, such as, for example, the
monitoring system 100 of FIG. 1. As shown in FIG. 2, the monitoring system 200
includes a sensor 202 and a patient monitor 203, communicating through a cable
212. In some embodiments, the sensor 202 includes a plurality of emitters 204
(e.g., eight emitters as is shown in FIG. 1) irradiating a body tissue 205 with light and
one or more detectors 206 (e.g., four detectors as shown in FIG. 2) capable of
detecting light after attenuation by the tissue 205. In some embodiments, the
sensor 202 can be configured such that one or more detectors 206 detect ambient
and/or environment interference levels after attenuation by the tissue 205.

[0027] The sensor 202 can additionally comprise a temperature sensor
207, such as a thermistor or a thermocouple, and a memory device 208, such non-
volatile (e.g., an EEPROM) or volatile memory. The sensor 202 also includes a
plurality of conductors communicating signals to and from its components, including
temperature sensor conductors 209, detector composite signal conductors 210,
memory device conductors 214, and emitter drive signal conductors 216. In some
embodiments, the sensor conductors 209, 210, 214, 216 communicate their signals
to the monitor 203 through the cable 212. In some embodiments, the cable 212
includes a plurality of shielded conductors.

[0028]  Although disclosed with reference to the cable 212, a skilled artisan
will recognize from the disclosure herein that the communication to and from the
sensor 202 may advantageously include a wide variety of cables, cable designs,
public or private communication networks or computing systems, wired or wireless
communications (such as Ethernet, Bluetooth or WiFi, including IEEE 802.11x),

mobile communications, combinations of the same, or the like.
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[0029] In some embodiments, the temperature sensor 207 monitors the
temperature of the sensor 202 and its components, such as, for, example, the
emitters 204. For example, in some embodiments, the temperature sensor 207
comprises or communicates with a thermal bulk mass having sufficient thermal
conduction to generally approximate a real-time temperature of a substrate of the
light emitters 204. In some embodiments, the monitor 203 may advantageously use
the temperature sensor 207 output to, among other things, ensure patient safety,
especially in applications with sensitive tissue 205. In some embodiments, the
monitor 203 may advantageously use the temperature sensor 207 output and
monitored operating current or voltages to correct for operating conditions of the
sensor 202.

[0030] The memory 208 can comprise any one or more of a wide variety
of memory devices known to a skilled artisian from the disclosure herein, including
non-volatile memory, volatile memory, or combination thereof. The memory 208 can
be configured to store some or all of a wide variety data and information, including,
for example, information on the type or operation of the sensor 202, type of patient
or body tissue 205, buyer or manufacturer information, sensor characteristics
including the number of wavelengths capable of being emitted, emitter
specifications, emitter drive requirements, demodulation data, calculation mode
data, calibration data, software or firmware such as scripts, executable code, or the
like, sensor electronic elements, sensor life data indicating whether some or all
sensor components have expired and should be replaced, encryption information,
monitor or algorithm upgrade instructions or data, or the like. In some
embodiments, the memory device 208 may also include emitter wavelength
correction data. In some embodiments, the monitor 203 can read the memory 208
to determine one, some or all of a wide variety of data and information stored. As is
shown In FIG. 2, a digital signal processor 228 can communicate with the memory
device 208, by using a memory reader, memory writer, or the like.

[0031] The monitor 203 can comprise a front end signal conditioner 222
configured to receive, through the conductors 210, the analog composite detector

signal from the detectors 206. The signal conditioner 222 can normalize the analog
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composite detector signal by adjusting the signal's gain, remove unwanted
frequency components by passing the signal through a band-pass or a low-pass
filter, normalize the phase of the signal by passing it through an all-pass filter with
the desired phase response, and the like. The signal conditioner 222 includes one
or more outputs communicating with an analog-to-digital converter 226 (“A/D
converter”). In some embodiments, the A/D converter 226 may comprise a delta-
sigma converter to provide better linearity and signal-to-noise performance, which,
among other things, advantageously enhances measurements during lower
perfusion. The reduced signal-to-noise may also improve measurement quality by
providing better rejection of ambient and/or environment interference (e.g., from
electrocauterization devices). The A/D converter 226 includes inputs communicating
with the output of the front end signal conditioner 222 and the output of the
temperature sensor 207. The converter 226 also includes outputs for
communicating the digitized composite detector signal values and temperature
sensor readings to the processor 228.

[0032] The processor 228 can output an emitter driver current control
signal 230 to a digital-to-analog converter 232 ("D/A converter”). The D/A converter
232 can supply control information to emitter driving circuitry 234, which in turns
drives the plurality of emitters 204 on the sensor 202 over conductors 216. In some
embodiments, the emitter driving circuitry 234 drives eight emitters capable of
emitting light at eight predefined wavelengths, although the circuitry 234 can drive
any number of emitters. In addition, one or more emitters could emit light at the
same or substantially the same wavelength to provide redundancy. The circuitry
234 can be configured to modulate the emitters 204, by turning them on and off, as
to produce pulse trains of light at the corresponding wavelengths. In some
embodiments, the circuitry 234 can be configured to turn the emitters 204 off as to
cause the detectors 206 to detect the level of ambient or environment noise, which
can additionally modulate by the rectangular pulse train carrier signal.  Further
details of modulation are disclosed in U.S. Patent 6,229,856, issued on May 8,

2001, the disclosure of which is incorporated by reference herein.

-10-
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[0033] The processor 228 can process digitized composite detector signal
values and calculate physiological parameter information, such as blood oxygen
saturation, pulse, glucose, methemoglobin, total hemoglobin, and the like. The
processor 228 comprises an interference detector 240 configured to calculate the
levels of ambient and/or environment interference comprised in the composite
detector signal. In some embodiments, the processor 228 can read the information
stored in the memory device 208 and use the retrieved information for calculation of
physiological parameter information and/or interference levels.

[0034] The processor 228 can communicate with the audio/visual interface
236, for example, to display the measured and calculated parameters or
interference levels.

[0035] The audio/visual interface 236 can be configured as a display
device capable of providing indicia representative of the calculated physiological
parameters of the tissue 205 at the measurement site and of the calculated
interference levels. In some embodiments, the audio/visual interface 236 can
display trending data for one or more of the measured or determined parameters or
interference levels. Moreover, an artisan will recognize from the disclosure herein
many display options for the data available from the processor 228.

[0036] In addition, the processor 228 can communicate with local and/or
remote storage 241 and local and/or remote network devices through network
interface 242. Storage 241 can be configured as non-volatile memory, volatile
memory or combination thereof. Storage 241 can be in the form of a hard disk,
flash memory card, or other suitable computer accessible memory. In some
embodiments, the processor 228 can store a variety of information in the storage
241, such as calculated physiological parameter information and interference levels.
This information can be later retrieved and used in future calculations. In some
embodiments, the processor can communicate variety of information to network
devices over the network interface 242. The network interface 242 can be
configured with a wide variety of cables, cable designs, public or private
communication networks or computing systems, wired or wireless communications
(such as Ethernet, Bluetooth or WiFi, including IEEE 802.11x), mobile

-11-
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communications, combinations of the same, or the like. The processor 228 can
exchange a variety of information with network devices, such as calculated
physiological parameter information and interference levels.

[0037] FIG. 3 illustrates a hardware block diagram of a digital signal
processor and signal extractor 328 of the patient monitor, such as, for example, the
processor 228 of FIG. 2. As shown in FIG. 3, the processor 328 can comprise a
core processor 302 and a microcontroller 304. According to some embodiments, the
core processor can comprise a digital signal processor based on the Super Harvard
ARChitecture (“SHARC"), such as those commercially available from Analog
Devices. FIG. 3 shows various exemplary component details of typical SHARC
processors. However, a skilled artisan will recognize from the disclosure herein a
wide variety of data and/or signal processors capable of executing programs for
determining physiological parameters from input data, preferably a digital signal
processor that can handle at least 16, 32, or 40 bits of floating point or fixed point for
precision. According to some embodiments, the microcontroller 304 controls system
management, including, for example, communications of calculated parameter data,
interference levels, and the like to an audio/visual interface; communication of
information to an from remote or local network devices or storage; and the like. In
some embodiments, the microcontroller 304 may also act as a watchdog circuit by,
for example, monitoring the activity of the core processor 302 and resetting it when
appropriate.

[0038] FIG. 4A illustrates a functional block diagram of a digital signal
processor and interference detector 428 of the patient monitor, such as, for
example, the processor 228 of FIG. 2. As is shown in FIG. 4A, the input to the
processor and interference detector 428 can be a digitized composite detector
signal x«(n) 401A. In some embodiments, the digitized composite detector signal
401A, xi(n), can represent digitized samples of a signal from a single detector 206
(i.e., k can correspond to the number of detectors 206) and a separate signal
processing, modeling, and computation path as shown in FIG. 4A can be used for

each signal x(n). In some embodiments, the composite detector signal 401A can

-12-



WO 2011/011730 PCT/US2010/043120

comprise the interference signal detected by the detectors 206, without any light
data.

[0039] In some embodiments a demodulation module 403A models and
demodulates the digitized composite detector signal 401A (e.g., a 48 KHz composite
signal) to separate the composite signal into signals related to each emitted
wavelength and to remove the frequency components of the carrier signal. In
addition, the demodulation module 403A can be configured to model and
demodulate the digitized composite detector signal to separate the interference
signal into interference signals related to each emitted wavelength and to remove
the frequency components of the carrier signal. In some embodiments the
demodulation module 403A can be configured to model and demodulate digitized
composite detector signal data into N (e.g., 8) channels of demodulated data. Each
channel can be configured to correspond to a different frequency and/or phase
characteristics. For example, each channel can correspond to a fundamental
frequency and its harmonics of the rectangular light pulse train carrier signal
modulated by the light signal emitted by an emitter 204. Furthermore, as explained
below, several channels can share the same frequency characteristic, and, in such
embodiments, phase can be used to distinguish these channels.

[0040] The muliiple channels of demodulated data samples can be
presented to a decimation module 404A, which is configured to reduce the sampling
rate by eliminating samples and, additionally, may provide signal conditioning and
filtering. Because decimation reduces the number of data samples, it can reduce
computational burden on the digital signal processor and interference detector 428
and, additionally, reduce power consumption of the patient monitor. In some
embodiments, a 48 KHz demodulated multiple channel data stream can be
decimated to 62.5 Hz.

[0041] To determine the interference levels, the multiple channels of
demodulated and decimated data can be presented to an energy detector 405A. In
some embodiments, the composite detector signal x,(n) 401A can comprise only the
interference signal, as the emitters 204 can be configured (e.g., by the circuitry 234)

to be off. Then, the multiple channels of demodulated and decimated data comprise
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interference signals, and the energy detector 405A can be configured to compute
the energy or power of the interference signals. In some embodiments, as is
explained below, the energy detector 405A can compute the average power of the
interference signal on each of the decimation channels and to select the maximum
power value as the interference output.

[0042] To compute physiological parameter information, such as blood
oxygen saturation, pulse, glucose, methemoglobin, total hemoglobin, and the like,
the multiple channels of demodulated and decimated data can be presented to a
parameter calculator 406A. The parameter calculator 406A can model, condition,
and process the data according to various algorithms for computation of
physiological information, as is described in U.S. Application No. 11/367,017 (filed
Mar. 1, 2006), the disclosure of which is incorporated by reference herein.

[0043] FIG. 4B illustrates a functional block diagram of an interference
detector 440B of the patient monitor, such as, for example, the processor 428 of
FIG. 4A. As is shown in FIG. 4B, the input to the interference detector 440B can be
a digitized composite detector signal xx(n) 401B. In some embodiments, the
digitized composite detector signal 401B, xx(n), can represent digitized samples of a
signal from a single detector 206 (i.e., k can correspond to the number of detectors
206) and, as is explained below, a separate interference detector (such as the
detector 440B) can be used for each signal x«(n). In some embodiments, the
composite detector signal 401B can comprise the interference signal detected by
the detectors 206, without any light data. This can be accomplished, for example,
by configuring the circuitry 234 of FIG.2 to keep the emitters 204 off and by
configuring the detectors 206 to detect only the ambient and/or environment
interference levels attenuated by the tissue 205.

[0044] A demodulation module 403B models and demodulates the
digitized composite detector signal x«(n) 401B (e.g., a 48 KHz composite signal) to
separate the interference signal into interference signals related to each emitted
wavelength and to remove the frequency components of the carrier signal. As is
illustrated in FIG. 4B, in some embodiments the demodulation module 403B can be

configured to model and demodulate the digitized composite detector signal 401B
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into N (e.g., 8) channels of demodulated data. Each channel can be configured to
correspond to a different frequency (i.e., sin(t) and cos(t) components of each
harmonic, as is further explained below) of the modulated light signal produced by
an emitter 204.

[0045] In some embodiments, a modulated light signal can be produced
by modulating a periodic, rectangular pulse train (i.e., the carrier signal) by the light
produced by the emitters 204. The circuit 234 can be configured such that only one
emitter 204 (e.g., light emitting diodes) is active at any given time period. For
example, if there are two emitters 204 (e.g., red and infrared light emitting diodes),
the circuit 234 can apply current to activate the first emitter during a first time interval
of duration 14, while keeping the second emitter inactive. Thereafter, no current can
be applied to either emitter during a second time interval of duration 1,. Then, the
current can be applied to activate the second emitter during a third time interval of
duration 13, while keeping the first emitter inactive. Finally, the modulation cycle can
be completed by applying no current to either emitter during a fourth time interval 4.
Thereafter, the cycle can be repeated by restarting with the first interval. All four
time intervals 14, 13, 13, and 14 can be of the same duration t. Accordingly, the
carrier signal, a periodic, rectangular pulse train having a pulse width T and a period
of 4t and corresponding Fourier coefficients of tFy « sinc(kFet), where Fy is the
fundamental frequency (i.e. inverse of the period) and k = +7, £2, . . ., is modulated
by the light emitted by emitters 204. The Fourier coefficients correspond to the
fundamental frequency and its harmonics (or integer multiples of the fundamental
frequency). The circuit 234 can be configured to similarly modulate any number of
carrier signals by any number of emitters 204, such as 8 emitters.

[0046] In order to recover the intensity of the light signal, attenuated
through the tissue 205 and detected by the detectors 206, the demodulation module
403B can be configured to model and analyze the composite detector signal 401B
at the fundamental frequency Fp and the harmonics of the periodic pulse train
(*frequencies of interest”). This can be accomplished by shifting the envelope of the
modulated signal (i.e. composite detector signal), or part of the envelope that

comprises a significant energy of the intensity signal, to a frequency of interest and
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then applying a filter to remove components at other higher frequencies. In some
embodiments, several frequencies of interest can be used and shifting of the
envelope can be accomplished by multiplying the modulated signal by a cosine or
sine signal having the frequency corresponding to the frequency of interest. A
skilled artisian will recognize from the disclosure herein that frequencies of interest
can be frequencies other than the fundamental frequency Fy and its harmonics and
demodulations methods other than shifting the signal envelope can be used.

[0047] In some embodiments, the demodulation module 403B can be
further configured to reduce or eliminate in the composite detector signal crosstalk
between the light signals output by different emitters 204. For example, if there are
two emitters 204 (e.g., red and infrared light emitting diode), crosstalk in the
composite detector signal can be defined as the effect of the red light signal on the
infrared light signal and vice versa. Such crosstalk can be minimized or eliminated
by selecting appropriate demodulating signals and multiplying these by the
composite detector signal. In some embodiments as is explained in the above-
identified issued U.S. Patent 6,229,856, demodulating signals reducing or
eliminating crosstalk can be configured as cosine signals with frequencies of the
fundamental frequency F, and harmonics of the carrier pulse train: Csicos(2nFt),
Cocos(4rfFot), Cscos(6rfot), and so on (where C;, C, C3 . . . are constants selected
to minimize or eliminate crosstalk).

[0048] Additionally, selecting frequencies of interest can result in reducing
the effect of at least some types and intensities of ambient or environment noise on
the light intensity signals. For example, the fundamental frequency F, can be
selected as 316.7 Hz (i.e., with harmonics at 316.7n Hz, where n is an integer value)
to reduce or eliminate the effect of power line noise (60 Hz or 50Hz fundamental
frequency with harmonics at 60n Hz or 50n Hz, where n is an integer value).
Accordingly, the nearest harmonic of power line noise to the light signal intensity
comprised by the modulated pulse train having the fundamental frequency of 316.7
Hz would be 300 and 360 Hz, for 60 Hz power line frequency, and 300 and 350 Hz,

for 50 Hz power line frequency. This would provide a frequency separation of noise
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and light intensity. In some embodiments, the fundamental frequency fo can be
selected as 330 Hz to provide the separation.

[0049] Accordingly, in some embodiments, the demodulation module
403B of the interference detector 440B can be configured to model and analyze the
composite detector signal 401B, which comprises interference, at the fundamental
frequency Fp and its harmonics. Accordingly, the demodulation module 403B
operates at the modulation frequency and its harmonics as applied to demodulate
the modulated composite light signal. As is explained above, interference signals
having components at these frequencies of interest can significantly degrade the
recovery of the light intensity signals from the composite detector signal. Therefore,
it is advantageous to determine the level of interference at these frequencies of
interest and to compute the likelihood of successful recovery and processing of the
light intensity signals given in the presence of ambient and/or environment
interference. In some embodiments, the demodulation module 403B can be
configured to model the interference signal at the fundamental frequency and the
second, third, and fourth harmonics. However, a skilled artisian will recognize a
wide variety of signal modeling combinations from the disclosure herein.

[0050] Furthermore, the demodulation module 403B can be configured to
model the full energy spectrum of the interference signal at the frequencies of
interest. This can be accomplished by capturing the energy of the interference
signal at the frequencies of interest regardless of the phase variation of the
interference signal at those frequencies. In some embodiments, this can be
accomplished by using both cosine and sine as demodulating signals. Because
cosine and sine signals of the same frequency are n/2 radians out of phase, using
these as complementary demodulating signals can model and capture all of the
potential interference signal energy at the frequencies of interest. In some
embodiments, the spectrum of the interference signal can be modeled by using only
a cosine or only a sine demodulating signal. A skilled artisian will recognize a wide
variety of demodulating signals, such as orthogonal signals, from the disclosure

herein.
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[0051] As is illustrated in FIG. 4B, the demodulation module 403B can
model the full spectrum of the interference signal at the fundamental frequency Fy
and the harmonics 2Fy, 3Fy, and 4F,. Both sine and cosine demodulating signals
can be used. The digitized composite detector signal xx(n) 401B can be multiplied
by sin(2mFy/Fsn) at 410 and by cos(2mFy/Fsn) at 420 to model the full spectrum of
the interference signal at the fundamental frequency Fo (Fs is the sampling
frequency). The digitized composite detector signal xx(n) 401B can be multiplied by
sin(4mFy/Fsn) at 430 and by cos(4mmFy/Fsn) at 440 to model the full spectrum of the
interference signal at the second harmonic 2F,. The digitized composite detector
signal xx(n) 401B can be multiplied by sin(6mFy/Fsn) at 450 and by cos(67FyF;n) at
460 to model the full spectrum of the interference signal at the third harmonic 3F.
Finally, the digitized composite detector signal x(n) 401B can be multiplied by
sin(8mFy/Fsn) at 470 and by cos(8Fy/Fsn) at 480 to model the full spectrum of the
interference signal at the third harmonic 4F,. As is illustrated, N=8 channels of
demodulated interference signal data can be produced.

[0052] The demodulated interference signal data can be presented to a
decimation module 404B, which reduces the sampling rate by eliminating samples
and, additionally, may provide signal conditioning and filtering. Because decimation
reduces the number of data samples, it can reduce computational burden on the
interference detector 440B and, additionally, reduce power consumption of the
patient monitor. As is illustrated in FIG. 4B, the decimation module 404B can be
configured as a series of downsample-by-2 blocks, each of which reduces the
sampling rate by a factor of 2 by discarding every other signal sample. In order to
satisfy the sampling theorem and to avoid aliasing, each of the downsample-by-2
blocks should be preceded by a low-pass filter having a cutoff frequency of Fy/2”,
where m is the number of the downsample-by-2 block in the series. Performing the
low-pass filtering can result in the elimination of the components at other higher
frequencies that do not carry any potentially useful information after the
demodulation has been performed. Accordingly, the first channel of demodulated
interference signal data (after being multiplied by sin(2mFyFsn) at 410) can be

filtered at 411 by a low-pass filter having a cut-off frequency of Fy/2, and can be
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subsequently decimated by a factor of 2 at 412. Subsequently, the remaining data
samples of the first channel can be similarly filtered and decimated until, after being
filtered by a low-pass filter 413 having a cut-off frequency of F¢/2" and decimated by
a factor of 2 by a downsample-by-2 block at 414, the data samples are reduced to
the desired sampling rate. This can performed for each channel of demodulated
interference signal data, as is illustrated in FIG. 4B. In some embodiments a 48 KHz
demodulated multiple channel data stream can be decimated to 62.5 Hz by a string
of log,(48000/62.5) (or approximately 10) downsample-by-2 blocks, each preceded
by an anti-aliasing low-pass filter. In some embodiments dowsample-by-M blocks
can be used instead, each of which reduces the sampling rate by a factor of M. In
some embodiments (e.g., when a sigma-delta analog-to-digital converter is used),
dowsample-by-L and downslample-by-M blocks can be used instead, each of which
reduces the sampling rate by a factors of L and M. In some embodiments, a single
downsample block can be used to achieve the desired sampling rate. A skilled
artisian will recognize a wide variety of signal decimation techniques from the
disclosure herein.

[0053] The demodulated,” decimated interference signal data can be
presented to an energy detector 405B for calculation of interference levels. A
signal’'s energy can be calculated by summing up squared absolute values of the
signal samples. As is illustrated in FIG. 4B, the demodulated, decimated data
samples of the first channel are squared at 415. This can be performed for each
channel of demodulated, decimated interference signal data. In some
embodiments, the squared samples can be summed up. In some embodiments in
addition to being summed up, the squared samples can also be filtered by a moving
average filter. A moving average filter has low-pass characteristics and,
accordingly, smoothes the signal by removing high-frequency components (e.g.,
short ambient or environment noise transients). A moving average filter can be
configured with weighted or non-weighted filter coefficients. For example, a simple,
non-weighted moving average filter sums up all the squared samples and divides
the resuiting sum by the number of samples. This results in computing the average

power of the signal. As is illustrated in FIG. 4B, the calculated energy signal of the
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first channel is smoothed by the moving average filter 416 to determine the average
power (or simply power) of the signal. As is illustrated, this can be performed on
each channel of demodulated, decimated data to determine the power of the
interference signal on each channel. In some embodiments, root mean square
power of the signal on each channel can be computed by further calculating a
square root of the computed power.

[0054] In some embodiments, the calculated energy or power computed
for complementary cosine and sine channels sharing the same frequency can be
summed in order to determine energy or power of the interference signal at each
frequency of interest. As is explained above, because cosine and sine signals of
the same frequency are n/2 radians out of phase, using both as complementary
demodulating signals can model and capture all of the potential interference signal
energy at the frequencies of interest. As is illustrated in FIG. 4B, at 490 the
computed power values are added up in order determine the full spectrum power of
the interference signal at the fundamental frequency Fy. Similar additions can be
performed on other channels in order to determine the full spectrum power of the
interference signal at the second (2Fy), third (3Fy), and fourth (4F) harmonics.

[0055] The interference level (or output) computed by the interference
detector 440B for the digitized composite detector signal x,(n) 401B can be the
maximum computed energy or power at the frequencies of interest. As is illustrated
in FIG. 4B, at 495 such maximum can be selected as the output of the interference
detector 440B. The maximum computed signal energy or power of the interference
signal can represent the worst-case conditions for measuring physiological
parameter information. In some embodiments, all computed interference signal
energies or powers can be output. In some embodiments, the computed values can
be further processed, such as averaged, filtered, and the like. A skilled artisian will
recognize a wide variety of approaches to compute the interference output from the
disclosure herein.

[0056] FIG. 4C illustrates a functional block diagram of an interference
detector 440C of the patient monitor, such as, for example, the processor 428 of

FIG. 4A. In embodiments comprising mulitiple detectors 206, computation of the

-20-



WO 2011/011730 PCT/US2010/043120

interference levels can be performed separately on each composite detector signal
captured by each of the detectors 206. As is shown in FIG. 4C, the interference
detector 440C comprises four interference detectors 402C, each configured for
calculating the interference level for the composite detector signal, xs(n) through
x4(n), obtained from each of four detectors 206. Each of the interference detectors
402C can be configured as the detector 440B of FIG. 4B, and can output the
maximum computed interference signal energy or power. At 496C, the maximum
interference signal energy (or power) can be selected as selected as output. This
can represent the worst-case conditions for measuring physiological parameter
information. In some embodiments, all computed interference signal energies or
powers can be output. In some embodiments, the computed values can be further
processed, such as averaged, filtered, and the like. A skilled artisian will recognize
a wide variety of approaches to compute the interference level from the disclosure
herein.

[0057] FIG. 5 illustrates an interference detection process performed by a
patient monitoring system, such as the patient monitoring system 200 of FIG. 2. At
step 501 the analog composite detector signal is received from the detector(s) 206.
The signal can be configured to comprise only the interference signal without any
light intensity components. At step 502, the composite detector signal is
conditioned by, for example, adjusting or normalizing the signal’'s gain, removing
unwanted frequency components by passing the signal through a band-pass or a
low-pass filter, normalizing the phase of the signal by passing it through an all-pass
filter with the desired phase response, and the like. At step 503, the conditioned
composite detector signal is digitized into samples by performing A/D conversion.
At step 504, the digitized composite detector signal is demodulated into one or more

~data channels. Demodulated signal data can be obtained by shifting the frequency
spectrum of the digitized composite detector signal to frequencies and phases of
interest, by, for example, multiplying by cosine and/or sine functions of the desired
frequency and phase. At step 505, the demodulated signal channels can be
compressed by decimation. Decimation reduces the number of samples comprised

by each channel. Also, in order to avoid aliasing of the channel data, decimation
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should be preceded by low-pass filtering and removing unwanted higher frequency
components from the channels. At 506, the energy of the digitized composite
detector channel data is determined. For example, this can be accomplished by
calculating the power of the signal on each channel by summing up the squared
values of samples on each channel and dividing by the number of samples. In
some embodiments, the maximum computed power is selected across all channels
to determine the worst-case (i.e. maximum) power of the detected interference
signal.

[0058] The maximum computed energy or power of the interference signal
(or interference output) can be communicated to the user at 507. In some
embodiments, the interference output can be presented to the user visually as, for
example, in a bar graph. As is illustrated in FIG. 5, the interference output can be
compared to a threshold. In some embodiments, the threshold can be configured
as a multiple of the noise floor of the patient monitoring system. The noise floor of a
system is a measure of the noise signal created inherently (i.e., without application
of any input signal) by the electronic components of the system due to thermal
noise, shot noise, and the like. The noise floor further establishes a limit on the
smallest measurement that can be reliably performed by the system. Furthermore,
the noise floor of a system can be measured experimentally. For example, the
noise floor of a system for measuring the concentration of total hemoglobin in blood,
such as 10 ppm. Accordingly, the threshold can be set according to the type of
physiological parameter the patient monitoring system is configured to measure. In
some embodiments, the threshold multiplier can be configurable and programmable.

[0059] As is illustrated in FIG. 5, at 510 the interference output can be
compared to the threshold. When the interference output is smaller or equal to the
threshold, the bar graph can be updated at 511 with green color (or shading) of
height or width proportional to the threshold. For example, the height or width of the
green bar can be computed as (threshold - interference output)/threshold. As
another example, the computed value can be expressed as a percentage. When
the ihterference output is greater than the threshold, the bar graph can be updated

at 512 with red color (or shading) of height or width proportional to the threshold.
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For example, the height or width of the red bar can be computed as (interference
output — threshold)/threshold. As another example, the computed value can be
expressed as a percentage. A skilled artisian will recognize that other computation
formulas or colors can be used to alert the user to the interference output of the
patient monitor.

[0060] FIGS. 6A-D illustrate user interface indicia indicating use of and
output from the interference detector, such the interference detector of FIG. 1. FIG.
6A illustrates a speedometer gauge-type visual display 600A of the calculated
interference output. The dial 601A comprises numbers (0-9) indicating the severity
of the interference output. The threshold can, for example, correspond to
approximately the middle of the dial (i.e. number 6). The arrow 602A is configured
to point to the calculated interference output relative to the threshold. The dial can
be further shaded to for quick visual indication of the severity of the calculated
interference output. For example, the shading under the range 0-3 can be green to
indicate low interference levels, the shading under the range 3-6 can be yellow to
indicate moderate interference levels, and the shading under the range 6-9 can be
red to indicate severe interference levels.

[0061] FIG. 6B illustrates a bar graph-type visual display 600B. The green
color or shading 603B indicates the percentage of the computed interference output
relative to the threshold. For example, when the threshold is 10 and the computed
interference output is 2, the green color or shading 603B can display 80% (i.e.,
100% x (10-2)/10) and its width can be indicative of this percentage value. The red
color or shading 604B likewise indicates the percentage of the interference output
relative to the threshold. In the above example, the red color or shading 604B can
display 20% and its width can be indicative of this percentage value. Alternatively,
the red color or shading may not be displayed unless the computed interference
output exceeds the threshold. For example, when the threshold is 10 and the
computed interference output is 20, the red color or shading 604B can display 200%
(i.e. 100% x 20/10) with the width covering the entire bar graph display 600B. The
green color or shading 603B may not be displayed in this case. In some

embodiments, the threshold can correspond to the middle of the bar graph display
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600B and the green and red color or shading can be computed and displayed
accordingly. In some embodiments, other colors (e.g., yellow) can be also
displayed.

[0062] FIG. 6C illustrates a bar graph-type visual display 600C. The green
color or shading indicates the percentage of the computed interference output
relative to the threshold, without displaying the percentage value. For example,
when the threshold is 10 and the computed interference output is 6, the green color
or shading 605C can be displayed with a width of 40% (i.e., 100% x (10-6)/10) of the
bar graph display 600C. The red color or shading 606C likewise indicates the
percentage of the interference output relative to the threshold. In the above
example, the red color or shading 606C can be displayed with a width of 60%.
Alternatively, the red color or shading may not be displayed unless the computed
interference output exceeds the threshold. For example, when the threshold is 10
and the computed interference output is 11, the red color or shading 606C can be
displayed with a width of 110% (i.e. 100% x 11/10) or covering the entire bar graph
display 600C. The green color or shading 605C may not be displayed in this case.
In some embodiments, the threshold can correspond to the middle of the bar graph
display 600C and the green and red color or shading can be computed and
displayed accordingly. In some embodiments, other colors (e.g., yellow) can be also
displayed.

[0063] FIG. 6D illustrates a bar graph-type visual display 600D which is
similar to 600C but is vertical. The green color or shading indicates the percentage
of the computed interference output relative to the threshold, without displaying the
percentage value. For example, when the threshold is 10 and the computed
interference output is 3, the green color or shading 607D can be displayed with a
height of 70% (i.e., 100% x (10-3)/10) of the bar graph display 600D. The red color
or shading 608D likewise indicates the percentage of the interference output relative
to the threshold. In the above example, the red color or shading 608D can be
displayed with a height of 40% of the bar graph display 600D. Alternatively, the red
color or shading may not be displayed unless the computed interference output

exceeds the threshold. For example, when the threshold is 10 and the computed
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interference output is 12, the red color or shading 608D can be displayed with the
‘height of 120% (i.e. 100% x 12/10) or covering the entire bar graph display 600D.
The green color or shading 607D may not be displayed in this case. In some
embodiments, the threshold can correspond to the middie of the bar graph display
600D and the green and red color or shading can be computed and displayed
accordingly. In some embodiments, other colors (e.g., yellow) can be also
displayed. FIGS. 6E-6H also illustrate alternative displays utilizing different colors,
graphics, shapes and indications, including, for example, happy or sad faces,
indicator bars, indicator lights, etc.

[0064] In some embodiments, the patient monitor can be configured to
provide audio notification to the user. For example, after computing the interference
output and comparing it to the threshold, the patient monitor can sound the phrase
“Safe to Measure” when the interference output is below the threshold. As another
example, the patient monitor can sound the phrase “Danger” when the interference
output is close or above the threshold. A skilled artisian will recognize a variety of
audio/visual notification techniques from the disclosure herein.

[0065] Although the interference detector for a patient monitor is disclosed
with reference to its preferred embodiment, the invention is not intended to be
limited thereby. Rather, a skilled artisan will recognize from the disclosure herein a
wide number of alternatives for the interference detector for patient monitor. For
example, the patient monitor can “lock out” the user from performing measurements
of physiological parameters when the computed interference levels are determined
to significantly degrade the accuracy of the measurements.

[0066] In addition to those processes described above, other processes
and combination of processes will be apparent to those of skill in the art from the
present disclosure. Those of skill will further appreciate that the various illustrative
logical blocks, modules, and steps described in connection with the embodiments
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, and steps have been

described above generally in terms of their functionality. Whether such functionality
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is implemented as hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled artisans can
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure
from the scope of the present invention.

[0067] The various illustrative logical blocks, modules, and steps
described in connection with the embodiments disclosed herein can be implemented
or performed with a general purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform the
functions described herein. A general purpose processor can be a microprocessor,
conventional processor, controller, microcontroller, state machine, etc. A processor
can also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such
configuration. In addition, the term “processing” is a broad term meant to
encompass several meanings including, for example, implementing program code,
executing instructions, manipulating signals, filtering, performing arithmetic
operations, and the like.

[0068] The modules can include, but are not limited to, any of the
following: software or hardware components such as software, object-oriented
software components, class components and task components, processes,
methods, functions, attributes, procedures, subroutines, segments of program code,
drivers, firmware, microcode, circuitry, data, databases, data structures, tables,
arrays, or variables.

[0069] The steps of a method or algorithm described in connection with
the embodiments disclosed herein can be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A
software module can reside in RAM memory, flash memory, ROM memory, EPROM

memory, EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, a
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DVD, or any other form of storage medium known in the art. A storage medium is
coupled to the processor such that the processor can read information from, and
write information to, the storage medium. In the alternative, the storage medium can
be integral to the processor. The processor and the storage medium can reside in
an ASIC. The ASIC can reside in a user terminal. In the alternative, the processor
and the storage medium can reside as discrete components in a user terminal.

[0070] Although the foregoing invention has been described in terms of
certain preferred embodiments, other embodiments will be apparent to those of
ordinary skill in the art from the disclosure herein. Additionally, other combinations,
omissions, substitutions and modifications will be apparent to the skilled artisan in
view of the disclosure herein. It is contemplated that various aspects and features
of the invention described can be practiced separately, combined together, or
substituted for one another, and that a variety of combinations and subcombinations
of the features and aspects can be made and still fall within the scope of the
invention. Furthermore, the systems described above need not include all of the
modules and functions described in the preferred embodiments. Accordingly, the
present invention is not intended to be limited by the reaction of the preferred
embodiments, but is to be defined by reference to the appended claims.

[0071] Additionally, all publications, patents, and patent applications
mentioned in this specification are herein incorporated by reference to the same
extent as if each individual publication, patent, or patent application was specifically

and individually indicated to be incorporated by reference.
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WHAT IS CLAIMED 1S:

1. A system for detecting interference in a measurement device, the

system comprising:
a process configured to determine a level of environmental
interference in a measurement device; and
a display for audio or visual indication of the level of environmental
interference.

2. The system of Claim 1, wherein the audio or visual indication indicates
that an amount of environmental interference is acceptable.

3. The system of Claim 1, wherein the audio or visual indication indicates
that an amount of environmental interference is not acceptable.

4. A noninvasive monitor that receives one or more sensor signals
responsive to light attenuated by tissue of a monitored patient and processes the
sensor signals to determine measurement values for one or more physiological
parameters of said monitored patient, the sensor including a light source and one or
more detectors housed in a sensor housing that positions the light source and said
detector proximate said tissue, the monitor including a signal processor that
determines an amount of ambient electronic interference proximate said sensor, and
at least one of an audio or visual indication perceptible by a caregiver of said
amount of said interference.

5. The noninvasive monitor of Claim 4, wherein said audio of visual
indication includes a display, and wherein said signal processor outputs a display
signal responsive to said amount of said ambient electronic interference, said

display providing a visual cue responsive to said display signal.

6. The noninvasive monitor of Claim 5, wherein said visual cue comprises
a meter.
7. The noninvasive monitor of Claim 6, wherein said monitor includes a

memory storing an interference threshold and meter shows said amount of said

interference relative said interference threshold.
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8. The noninvasive monitor of Claim 7, wherein said meter comprises a
continuum from low interference to high interference and wherein said threshold is
between said low and said high.

9. The noninvasive monitor of Claim 8, wherein said meter comprises a
bar graph.

10.  The noninvasive monitor of Claim 8, wherein said meter comprises a
moving electronic dial.

11.  The noninvasive monitor of Claim 8, wherein said meter comprises a
series of LEDs.

12.  The noninvasive monitor of Claim 8, wherein said meter comprises a
bar graph.

13.  The noninvasive monitor of Claim 8, wherein said low is generally
associated with green and high is generally associated with red.

14.  The noninvasive monitor of Claim 4, wherein said signal processor
continually determines an amount of ambient electronic interference proximate said
sensor when in an interference detection mode thereby allowing a caregiver to
change locations and monitor said ambient interference as they move.

15.  The noninvasive monitor of Claim 4, wherein said audio of visual
indication includes a sound transducer, and wherein said signal processor outputs
an audio signal responsive to said amount of said ambient electronic interference,
said transducer providing an audio cue responsive to said audio signal.
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16. A method of determining whether a sensitive instrument will have
difficulty determining accurate measurements of physiological parameters of a
patient, the method comprising:

selecting an interference detection mode on a patient monitor, said
patient monitor configured to receive from a sensor one or more sensor
signals responsive to light attenuated by tissue of a monitored patient and
process the sensor signals to determine measurement values for one or more

physiological parameters of said monitored patient, the sensor including a

light source and one or more detectors housed in a sensor housing that

positions the light source and said detector proximate said tissue;
electronically determining with said signal processor an amount of
ambient electronic interference proximate said sensor; and
electronically outputting at least one of an audio or visual indication
perceptible by a caregiver of said amount of said interference.

17.  The method of Claim 16, wherein said outputting comprises displaying
a visual cue.

18. The method of Claim 17, wherein said displaying said visual cue
comprises changing a displayed measurement on at least one of a meter, a moving
electronic dial, a bar graph, a series of LEDs, and an alphanumeric representation.

19.  The method of Claim 16, wherein said outputting comprises producing
an audio cue.

20.  The method of Claim 19, wherein producing said audio cue comprises

changing at least one of pitch or volume along an audio continuum.
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