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ADJUSTING PARAMETERS USED IN PULSE 
OXIME TRY ANALYSIS 

TECHNICAL FIELD 

[0001] This invention relates generally to the ?eld of 
medical devices and, more particularly, to adjusting param 
eters used in pulse oximetry analysis. 

BACKGROUND 

[0002] This section is intended to introduce the reader to 
various aspects of art that may be related to various aspects 
of the present invention, 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 inven 
tion. Accordingly, it should be understood that these state 
ments are to be read in this light, and not as admissions of 
prior art. 

[0003] A pulse oximeter is a medical device that may be 
used to measure various blood characteristics, for example, 
the oxygen saturation of hemoglobin in pulsing blood and/or 
the pulse rate of a patient. To measure these characteristics, 
a non-invasive sensor may be used to pass light through a 
portion of blood perfused tissue and photo-electrically sense 
the absorption and scattering of light in the tissue. The 
amount of light absorbed and/or scattered is analyZed to 
estimate the amount of blood constituent in the tissue. 

[0004] A detector signal resulting from measurement of 
the light describes the blood characteristics. As an example, 
pulses refer to the varying amount of arterial blood present 
in the tissue during a cardiac cycle. The varying amount of 
arterial blood yields cyclic attenuation of the light passing 
through the tissue. Accordingly, the detector signal from 
measurement of the light exhibits the familiar plethysmo 
graphic Waveform. 

[0005] Analysis of detector signals involves processes that 
use various parameters. As an example, the analysis may 
involve ?ltering estimates of hemoglobin saturation to 
improve the accuracy of the saturation estimates. As another 
example, the analysis may involve ?ltering of plethysmo 
graphic Waveforms. The ?ltering may use parameters such 
as ?lter Weights or coe?icients to adjust the ?ltering process. 
As another example, the analysis may involve applying 
pulse quali?cation criteria to qualify or disqualify pulses. 
The pulse quali?cation criteria may include parameters used 
to adjust the pulse quali?cation. 

[0006] It is desirable to provide a ?exible and robust 
methodology for adjusting the parameters of oximetry 
analysis. 

SUMMARY 

[0007] Certain aspects commensurate in scope With the 
originally claimed invention are set forth beloW. It should be 
understood that these aspects are presented merely to pro 
vide the reader With a brief summary of certain forms the 
invention might take and that these aspects are not intended 
to limit the scope of the invention. Indeed, the invention may 
encompass a variety of aspects that may not be set forth 
beloW. 

[0008] In accordance With one aspect of the present inven 
tion, there is provided a method for adjusting a pulse 
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quali?cation criterion. The method may include receiving a 
signal representing a plurality of pulses, Where the signal is 
generated in response to detecting light scattered from blood 
perfused tissue. A ?lter parameter value of a ?lter parameter 
of a ?lter may be determined, Where the ?lter may be 
operable to ?lter the signal. A pulse quali?cation criterion 
may be adjusted in accordance With the ?lter parameter 
value, Where the pulse quali?cation criterion may be used 
for qualifying a pulse. The pulses may be evaluated accord 
ing to the pulse quali?cation criterion. 
[0009] In accordance With another aspect of the present 
invention, there is provided a method for adjusting a pulse 
quali?cation criterion. The method may include receiving a 
signal representing a plurality of pulses, Where the signal 
may be generated in response to detecting light scattered 
from blood perfused tissue. Each pulse may have an ampli 
tude and a period, and a subset of the pulses may have a 
plurality of amplitudes and a plurality of periods. An average 
amplitude may be determined from the plurality of ampli 
tudes, and an average period may be determined from the 
plurality of periods. A pulse quali?cation criterion may be 
adjusted in accordance With the average amplitude and the 
average period. Pulses may be evaluated according to the 
pulse quali?cation criterion. 
[0010] In accordance With another aspect of the present 
invention, there is provided a method for adjusting a ?lter 
Weight of a saturation ?ltering process. The method may 
include receiving a signal representing a plurality of pulses, 
Where the signal may be generated in response to detecting 
light scattered from blood perfused tissue. The light may 
comprise a red Waveform and an infrared Waveform. A 
ratio-of-ratios variability metric indicating the variation of a 
ratio-of-ratios may be determined. A ratio-of-ratios may 
represent the ratio of absorbances of the red Waveform and 
the infrared Waveform. A pulse quality metric indicating the 
quality of one or more pulses may be determined. A satu 
ration ?lter Weight may be adjusted in accordance With the 
ratio-of-ratios variability metric and the pulse quality metric, 
Where the saturation ?lter Weight may represent a Weight 
used for a ?ltering process operable to ?lter a saturation 
estimate of the blood perfused tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Certain exemplary embodiments are described in 
the folloWing detailed description and in reference to the 
draWings in Which: 

[0012] FIG. 1 is a block diagram of one embodiment ofa 
pulse oximeter that may be con?gured to implement 
embodiments of the present invention; 
[0013] FIG. 2 is a block diagram of a signal processing 
system of a pulse oximeter in accordance With one embodi 
ment of the present invention; 
[0014] FIG. 3 is a ?owchart illustrating one embodiment 
of a method for adjusting a noise gate parameter of a noise 
gate criterion in accordance With an ensemble averaging 
Weight; 
[0015] FIG. 4 is a ?owchart illustrating one embodiment 
of a method for adjusting a pulse period criterion in accor 
dance With an ensemble averaging Weight; 

[0016] FIG. 5 is a ?oWchart illustrating one embodiment 
of a method for adjusting a pulse amplitude criterion in 
accordance With an average pulse amplitude and an average 
pulse period; 
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[0017] FIG. 6 is a ?owchart illustrating one embodiment 
of a method for adjusting a saturation Weight in accordance 
With a pulse quality metric; and 

[0018] FIG. 7 is a ?owchart illustrating an embodiment of 
a method for adjusting a saturation Weight in accordance 
With a ratio-of-ratios variability metric and a pulse quality 
metric. 

DETAILED DESCRIPTION 

[0019] The exemplary embodiments described beloW are 
best understood by referring to FIGS. 1 through 6 of the 
draWings, like numerals being used for like and correspond 
ing parts of the various draWings. The methods and systems 
in accordance With these exemplary embodiments are 
directed toWards adjusting parameters of oximetry analysis. 
These embodiments may be particularly applicable to and 
thus, are explained by reference to measuring oxygen satu 
ration and qualifying pulses, as applicable to pulse oximeter 
monitors and pulse oximetry sensors. It should be realized, 
hoWever, that the embodiments may be applicable to any 
generaliZed patient monitor and associated patient sensor, 
such as, for example, an electrocardiograph (ECG), blood 
pressure monitor, etc., and are thus, also applicable to 
nonoximetry methods and systems. 

[0020] FIG. 1 is a block diagram of one embodiment ofa 
pulse oximeter that may be con?gured to implement certain 
techniques, as described in detail beloW. The techniques may 
be implemented as a data processing procedure that is 
executed by a oximeter 120 having a microprocessor 122, as 
described beloW. A sensor 100 illuminates blood perfused 
tissue 112, detects light scattered by tissue 112, and gener 
ates detector signals. According to the illustrated embodi 
ment, sensor 100 may comprise a light source 110, a 
photodetector 114, and an encoder 116. Light from light 
source 110 passes into blood perfused tissue 112. Photode 
tector 114 detects the scattered light and generates detector 
signals representing the detected light. Encoder 116 provides 
signals indicative of the Wavelength of light source 110 to 
alloW the oximeter 120 to select appropriate calibration 
coef?cients for calculating oxygen saturation. 

[0021] Pulse oximeter 120 analyZes the detector signals. 
According to the illustrated embodiment, pulse oximeter 
120 includes general processing and interface components 
such as a microprocessor 122, a ROM 146, a RAM 126, a 
display 128, and control inputs 154 coupled to an internal 
bus 124. Pulse oximeter 120 also includes components that 
operate to control the light that passes through tissue 112. 
According to the illustrated embodiment, pulse oximeter 
120 includes a time processing unit (TPU) 130 and light 
drive circuitry 132. TPU 130 provides timing control signals 
to light drive circuitry 132. Light drive circuitry 132 controls 
When light source 110 is illuminated, and may control 
multiplexed timing if multiple light sources 110 are used. 

[0022] Signals from detector 114 are received through 
ampli?er 133. Pulse oximeter 120 includes components that 
operate to process the received signal. According to the 
illustrated embodiment, pulse oximeter 120 includes a 
sWitching circuit 134, an ampli?er 136, a loW pass ?lter 138, 
an analog-to-digital converter 140, and a queued serial 
module (QSM) 142. SWitching circuit 134 controls the 
sampling of the signals in response to instructions from TPU 
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130. If multiple light sources are used, the sampling times 
may depend upon Which of the light sources 110 are illu 
minated. 

[0023] The signals from the sWitch 134 are passed through 
ampli?er 136, loW pass ?lter 138, and analog-to-digital 
converter 140. Digital data from the signals is then stored in 
a queued serial module (QSM) 142. The digital data may be 
doWnloaded to RAM 126 as QSM 142 is ?lled. In one 
embodiment, there may be multiple parallel paths of sepa 
rate ampli?er, ?lter, and analog-to-digital converters for 
different light Wavelengths. 

[0024] Microprocessor 122 calculates oxygen saturation 
based on the values of the received signals. ROM 146 may 
store coef?cients used in the calculations. Detector/decoder 
144 selects the appropriate coef?cients according to signals 
received from encoder 116. Control inputs 154 receive input 
data and instructions, and may comprise, for instance, a 
sWitch on the pulse oximeter, a keyboard, or a port providing 
instructions from a remote host computer. Display 128 
provides feedback and results of the analysis. 

[0025] One or more components of pulse oximeter 120 
may include appropriate input devices, output devices, mass 
storage media, processors, memory, or other components for 
receiving, processing, storing, and communicating informa 
tion according to the operation of pulse oximeter 120. As an 
example, one or more components of pulse oximeter 120 
may include logic, an interface, memory, or any suitable 
combination of the preceding. By Way of example, “logic” 
may refer to hardWare, softWare, ?rmWare, or any suitable 
combination of the preceding. Certain logic may manage the 
operation of a device, and may comprise, for example, a 
processor. “Processor” may refer to any suitable device 
operable to execute instructions and manipulate data to 
perform operations. 
[0026] “Interface” may refer to logic of a device operable 
to receive input for the device, send output from the device, 
perform suitable processing of the input or output or both, or 
any combination of the preceding, and may comprise one or 
more ports, conversion softWare, or both. “Memory” may 
refer to logic operable to store and facilitate retrieval of 
information, and may comprise Random Access Memory 
(RAM), Read Only Memory (ROM), a magnetic drive, a 
disk drive, a Compact Disk (CD) drive, a Digital Video Disk 
(DVD) drive, removable media storage, any other suitable 
data storage medium, or a combination of any of the 
preceding. 

[0027] Modi?cations, additions, or omissions may be 
made to pulse oximeter 120 Without departing from the 
scope of the invention. The components of pulse oximeter 
120 may be integrated or separated according to particular 
needs. Moreover, the operations of pulse oximeter 120 may 
be performed by more, feWer, or other modules. Addition 
ally, operations of pulse oximeter 120 may be performed 
using any suitable logic comprising softWare, hardWare, 
other logic, or any suitable combination of the preceding. 

[0028] The brief description of an exemplary pulse oxime 
ter set forth above, serves as a basis for describing the 
exemplary methods for adjusting oximetry parameters. Any 
suitable oximeter, hoWever, may be used. 

[0029] FIG. 2 is a block diagram of an exemplary signal 
processing system 200 of a pulse oximeter. Embodiments 
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for carrying out the present techniques may be implemented 
as a part of a signal processing system, such as signal 
processing system 200, that processes optical signals for the 
purposes of operating a pulse oximeter. For example, signal 
processing system 200 may be implemented as a software 
process that is executed by a processor of a pulse oximeter, 
such as the processor 122 of the oximeter 120 discussed 
above. 

[0030] Block 202 represents the operations of a Signal 
Conditioning subsystem. Block 202 may receive digitiZed 
Red and IR signals, and may output pre-processed Red and 
IR signals. The Signal Conditioning subsystem conditions 
signals to emphasiZe higher frequencies associated With the 
human plethysmograph and to attenuate loWer frequencies 
associated With interference from noise sources. The deriva 
tive-?ltered plethysmo graphs characteristically have a nega 
tive skeWness. The signals may be conditioned by taking a 
?rst derivative to reduce or eliminate a baseline shift, and 
then loW pass ?ltering With coe?icients based on hardWare 
characteristics. The Signal Conditioning subsystem may 
also divide the loWpass ?ltered values by the average of the 
respective IR or Red signals. 

[0031] Block 204 represents the operations of a Pulse 
Identi?cation and Quali?cation subsystem. Block 204 may 
receive pre-processed Red and IR signals, average pulse 
period, loWpass Waveforms from the Signal Conditioning 
subsystem, and/or ensemble averaging ?lter Weights. Block 
204 may output pulse quality of individual pulses, degree of 
arrhythmia, pulse amplitude variations, and/or quali?ed 
pulse periods and age. 

[0032] The Pulse Identi?cation and Quali?cation sub 
system identi?es pulses and quali?es the pulses as likely 
arterial pulses. Pulses may be identi?ed and quali?ed by 
applying a pre-trained neural net to the IR signals and/ or Red 
signals. Signal metrics describing pulses may be compared 
With pulse quali?cation criteria in order to qualify the pulses. 
A signal metric represents a feature of a signal, and it may 
be used to classify a signal. For example, a signal metric 
may be used to qualify a signal. Example signal metrics may 
describe features of individual pulses, such as amplitude, 
period, shape, ratio-of-ratios, and/or rise time. Example 
signal metrics may describe features of a sequence of pulses 
such as the variability of the features of individual pulses 
(e.g., period variability). 

[0033] A pulse quali?cation criterion may include param 
eters With Which the signal quality metrics may be com 
pared. The parameters may be adjusted in response to 
variables such as ?lter parameters or signal metrics. A ?lter 
parameter may refer to a parameter of a ?lter that may be 
modi?ed to change the ?ltering. An example embodiment of 
a method that adjusts parameters in response to ?lter param 
eters is described With reference to FIGS. 3 and 4. An 
example embodiment of a method that adjusts parameters in 
response to signal quality metrics is described With reference 
to FIG. 5. 

[0034] Block 206 represents operations that compute sig 
nal quality metrics. Block 206 may receive: raW digitiZed 
Red and IR signals; degree of arrhythmia, individual pulse 
quality, pulse amplitude variation; pre-processed Red and IR 
signals; and/or average pulse period. Block 206 may output 
loWpass and ensemble averaging ?lter Weights, normaliZed 

May 3, 2007 

pre-processed Waveforms, and/or percent modulation. The 
signal quality metrics may be used to set parameters for 
other processes. 

[0035] Block 208 represents operations that compute the 
average pulse period from the received pulses. Block 208 
may receive quali?ed pulse periods and age, and it may 
output the average pulse period. 

[0036] Block 210 represents the operations of a LoWpass 
Filter and Ensemble Averaging subsystem. Block 210 may 
receive normalized pre-processed Red and IR signals, aver 
age pulse period, and/or loW pass ?lter Weights and 
ensemble averaging ?lter Weights. Block 210 may output 
?ltered Red and IR signals and/or age. The LoWpass Filter 
and Ensemble Averaging subsystem ?lters and ensemble 
averages normaliZed and preprocessed signals processed by 
block 206. Ensemble averaging may involve attenuating 
frequencies that are not of interest. For example, ensemble 
averaging may involve attenuating frequencies that are not 
at the estimated pulse rate or harmonic. The LoWpass Filter 
and Ensemble Averaging subsystem may also track the age 
of the signal and/or ?ltering results. 

[0037] Block 212 represents operations that estimate the 
ratio-of-ratios variance for the ?ltered Waveforms. Block 
212 may receive ?ltered Red and IR signals, age, calibration 
coef?cients, and/or response mode. Block 212 may output a 
ratio-of-ratios variance. A ratio-of-ratios is the ratio of the 
absorbances of the red and infrared signals. A ratio-of-ratios 
variability metric indicates the variation of a ratio-of-ratios. 
According to one embodiment, a ratio-of-ratios variance 
may be adjusted according to a signal metric and a ratio 
of-ratios variability metric. An example method is described 
With reference to FIG. 6. Block 216 represents operations 
that calculate oxygen saturation. Block 216 may receive 
ratio-of-ratios variability metrics and/or calibration coeffi 
cients, and may output oxygen saturation values. 

[0038] Block 218 represents the operations of a LoW Pass 
Filter and Ensemble Averaging subsystem. Block 218 may 
operate in a substantially similar manner as block 210. Block 
220 represents the operations of a Filtered Pulse Identi?ca 
tion and Quali?cation subsystem. Block 220 may operate in 
a substantially similar manner as block 204. The Filtered 
Pulse Identi?cation and Quali?cation subsystem calculates 
and quali?es the pulse periods from the ?ltered Waveforms. 
The results from the subsystem may be used by block 222 
if a pulse period is disquali?ed by block 204. 

[0039] Block 222 represents the operations of an Average 
Pulse Periods and Calculate Pulse Rate subsystem. Block 
222 may receive quali?ed pulse periods and age, and may 
output an average pulse period and/or a pulse rate. 

[0040] Block 224 represents the operations that detect 
venous pulsation. Block 224 may receive the pre-processed 
Red and IR signals and age from block 202, and it may 
output pulse rate and an indication of venous pulsation. 
Block 226 represents the operations that detect sensor-oif 
and loss of pulse amplitude. 

[0041] Modi?cations, additions, or omissions may be 
made to system 200 Without departing from the scope of the 
invention. The components of system 200 may be integrated 
or separated according to particular needs. Moreover, the 
operations of system 200 may be performed by more, feWer, 
or other modules. Additionally, operations of system 200 
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may be performed using any suitable logic comprising 
software, hardware, ?rmware, or any suitable combination 
of the preceding. 

[0042] FIG. 3 is a ?owchart illustrating one embodiment 
of a method for adjusting a noise gate parameter of a noise 
gate criterion in accordance with an ensemble averaging 
weight. Ensemble averaging ?ltering may reduce the noise 
level, which may allow for a lowered noise gate. Accord 
ingly, the ensemble averaging weight, which indicates the 
degree of ensemble averaging, may be used to adjust the 
noise gate parameter. 

[0043] The method starts at step 300, where an ensemble 
averaging weight is established. An ensemble averaging 
weight may refer to a weight value that is used to calculate 
a weighted average of new samples and previously ensemble 
averaged samples from a previous pulse period. Any suitable 
ensemble averaging weight may be used. According to one 
embodiment, Ensemble_Averaging_Weight used by the 
Ensemble Averaging subsystem may be used. If the pulses 
are not ensemble averaged, the weight may be set to default 
value, for example, Ensemble_Averaging_Weight=l.0. 

[0044] Pulses are received at step 302. Variables describ 
ing the pulses are updated at step 304. The variables may be 
updated in any suitable manner. For example, the variables 
may be updated for each sample, prior to the every-poten 
tial-pulse, according to the following operations: 

[0045] 1. Baseline represents the average of input samples, 
and may be updated according to the following equation: 

Baselinq=BaselinePl+clAl*(CurrfSaInple-Baseli 
n?ril) 

where t represents a sample index, cl represents a constant, 
At represents the sample interval given in seconds, 
Curr_Sample represents the current sample. Constant c 1 may 
be any suitable value, such as c 1=0.0l for a one-second 
response time, given sampling interval At=l0 milliseconds. 

[0046] 2. Mean_Square represents the mean-square of 
input samples, and may be updated according to the follow 
ing equation: 

MeaniSquareFMeaniSquareP1+k* ((CurrfSaInple 
Baselinqf-MeanfSquarek l) 

where k represents a constant selected to yield a Mean 
_Square with a particular response time. 

[0047] As an example, k may be determined according to 
the following equation to yield a Mean_Square with a 
response time of one second or one pulse, whichever is 
shorter: 

1 

ma){ Potential PulseiPeriod’ AI] 
AND previous PotentialiPulsei Period : O, 

, if PotentialiPulseiPeriod > 0, 

AND AvggPeriod= O; and AI, if AvggPeriod= 0. 

where Avg_Period represents the average pulse period, and 
Poetntial_Pulse_Period represents the pulse period of a 
potential pulse. A short response time may allow Mean 
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_Square to decline quickly when a motion artifact ends, 
which may minimiZe the likelihood of ignoring real pulses. 
During the ?rst potential pulse, the above equation for k may 
give equal weight to each sample for up to one second, 
which may prevent initial underestimates of Mean_Square, 
as it diverges from Zero. 

[0048] 3. Gated_RMS represents the square root of Mean 
_Square, and may be updated according to the following 
equation: 

‘I MeaniSquare, if CurriSample> Baseline, 
GatediRMS, : 

GatediRMSkl if CurriSamples Baseline, 

[0049] At step 308, the pulse period may exceed a thresh 
old that indicates that a pulse has just been missed or will 
occur shortly. The threshold may have any suitable value, 
such as two seconds. If the pulse period exceeds the thresh 
old at step 308, the method proceeds to step 312, where 
mean square parameters are reduced. According to one 
embodiment, the mean square parameters may include 
Mean_Square and Gated_RMS, and may be reduced accord 
ing to the following equations: 

GatediRMS‘=(l —Al) GatediRMS‘ 
MeaniSquare‘=( 1 —Al) MeaniSquare‘ 

The method then proceeds to step 316. If the pulse period 
does not exceed the threshold at step 308, the method 
proceeds directly to step 316. 

[0050] The minimum phase of a potential pulse is identi 
?ed at step 316. The minimum phase may be identi?ed when 
the value of Curr_Sample, has a speci?ed relationship to 
previous or subsequent Curr_Sample values. For example, a 
minimum phase may be identi?ed when Curr_Samplet 
exceeds samples that occurred in the previous 100 to 150 
milliseconds. Steps 320 through 332 describe updating the 
noise gate parameter of a noise gate criterion. A noise gate 
criterion may refer to a pulse quali?cation criterion that 
quali?es a pulse according to a noise gate. A noise gate 
parameter may refer to a parameter that controls the thresh 
old that identi?es whether a waveform includes noise. For 
example, the noise gate parameter may be adjusted to reduce 
the noise gate level if the ensemble averaging weight 
indicates an increased degree of ensemble averaging. 

[0051] According to one embodiment, the noise gate 
parameter Noise_Gate may be de?ned according to the 
following equation: 

4. NoiseiGate=max(n*GatediRMS,(c2+c3 >“Em/1i 
W)*m*NoiseiFloor/IRiDC) 

where n represents the noise gate multiplier, E_A_W rep 
resents Ensemble_Averaging_Weight, m represents a noise 
?oor multiplier, IR_DC represents the current infrared (IR) 
A/D values, Noise_Floor represents a minimum noise level 
associated with the oximetry hardware, which determines a 
minimum value for the noise gate, and c2 and c3 represent 
any suitable constants, for example, c2=c3=0.5. 

[0052] The noise ?oor multiplier of the noise gate param 
eter is set at step 320. The noise ?oor multiplier may be set 
in any suitable manner. As an example, noise ?oor multiplier 
m may initially be set to an unit value, for example, m=l .0. 
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Subsequent values of noise ?oor multiplier m may be set 
according to the following equation: 

1 c4 * (c5 * Avg;Period— |Avg;Period— PulseiPeriod) 
m = — , 

c5 * AvgiPeriod 

if |AvgiPeriod— PulsefPeriodl < 05 *AvgiPerioo‘, 

[ c5 * AvgfPeriod- ] 
4 * |AvgiPeriod — PotentialfPulsefPeriodI 

1 _ c5 * AvggPeriod ’ 

if |AvgiPeriod— PotentialfPulsefPeriodI < 05 * AvggPerioo‘, 

if PotentialiPulsei Period < 06 *AvgiPeriod 

andl+ 

where Pulse_Period represents the pulse period of the cur 
rent pulse, 1 represents a parameter, and c4, c5, and c6 
represent constants having any suitable values, for example, 
c4=0.5, c5=0.25, and c6=0.75. 

[0053] Parameter 1 may be given by the following equa 
tion: 

Z=W((l—c5)*AvgPeriod-PotentialiPulseiPeriod)+(l 
W)* (c5)*AvgfPeriod-minQcfAvgPeriod-Poten 
tialiPulseiPeriod], c5*AvgPeriod)) 

where: 

W=(FrequencyiRatio—c7)/c8 

W=max(0, min(l, W)) 

and where Frequency_Ratio represents the frequency con 
tent of plethysmograph relative to the pulse rate, and c7 and 
c8 represent constants having any suitable values, for 
example, c7=l.25 and c8=0.60. 

[0054] According to one embodiment, if Avg_Period is 
Zero, then noise ?oor multiplier m may be calculated using 
the previous Poetntial_Pulse_Period in place of Avg_Period, 
provided that the previous Poetntial_Pulse_Period is accept 
able for modifying noise ?oor multiplier m. For example, 
the duration of the previous Poetntial_Pulse_Period may be 
required to satisfy a threshold indicating that the pulse 
periods are less likely to re?ect noise. According to the 
example, if Avg_Period is Zero, then Mean_Square is estab 
lished according to the following equation: 

MeaniSquare‘=max(MeaniSquare‘, 
c9*PotentialiPulseiAmp2) 

where Potential_Pulse_Amp represents the amplitude of a 
pulse, and c9 represents a constant having any suitable value, 
for example, c9=0.l2. Potential_Pulse_Amp may be given 
as Potential_Pulse_Amp=Potential_Pulse_Max-Poten 
tial_Pulse_Min, where Potential_Pulse_Max represents the 
maximum of the previous several samples at the end of the 
maximum phase preceding the minimum phase, and Poten 
tial_Pulse_Min represents the minimum of the previous 
several samples at the end of the minimum phase. 

[0055] The noise gate multiplier n is established at step 
328. Noise gate multiplier n may be established in any 
suitable manner. According to one embodiment, noise gate 
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multiplier n may be established according to the following 
equation: 

n=clo*m*bound(cl1+PotentialiPulseiSkew, C12, C13), 
if PulseiPeriod>PotentialiPulseiPeriod; 

c1O*m*bound(c14+PotentialiPulseiSkew, C12, C13), if 
SkewiDerivative Input Weight>cl5; and 

clo*m otherwise. 

where Skew_Derivative_lnput_Weight represents a weight 
used to combine the Curr_Sample waveform with its deriva 
tive to obtain a waveform having a more negative skew, 
Potential_Pulse_Skew represents the skewness of the 
samples in this combined waveform over the duration of the 
Poetntial_Pulse_Period, and clo, cu, cl2, cl3, cl4, and cl5 
represent constants having any suitable values, for example, 
clo=0.85, cn=l.5, cl2=0.4, c13=l.0, cl4=2.0, and c15=8.0. 
The notation bound(a, b, c) is used to denote min(max(a, b), 
c). 
[0056] The noise gate parameter is adjusted according to 
the noise ?oor multiplier and the noise gate multiplier at step 
332. After updating the noise gate parameter, the method 
ends. 

[0057] Modi?cations, additions, or omissions may be 
made to the method without departing from the scope of the 
invention. The method may include more, fewer, or other 
steps. Additionally, steps may be performed in any suitable 
order without departing from the scope of the invention. 

[0058] FIG. 4 is a ?owchart illustrating one embodiment 
of a method for adjusting a pulse period criterion in accor 
dance with an ensemble averaging weight. According to the 
embodiment, an ensemble averaging weight may indicate 
that a quali?ed pulse is not likely to have a pulse period that 
is substantially shorter than an average pulse period. 
Accordingly, a pulse period criterion may be adjusted to 
disqualify a pulse having a pulse period that is substantially 
shorter than an average pulse period. 

[0059] The method starts at step 350, where an ensemble 
averaging weight is established. Pulses are received at step 
354. Steps 358 through 370 describe evaluating the received 
pulses in accordance with pulse quali?cation criteria. The 
pulse quali?cation criteria may be applied in any suitable 
order. According to one embodiment, the pulse quali?cation 
criteria are applied in the order of the steps, and if a pulse 
fails one criterion, subsequent criteria are not applied. 

[0060] Pulse quali?cation criteria comprising one or more 
sample criteria are applied at step 358. Any suitable sample 
criteria SC, may be used, for example: 

[0061] SCI: Pulse_Min<Pulse_Avg<Pulse_Max 
[0062] SC2:Avg_Min<Pulse_Avg<Pulse_Max 
where Pulse_Min represents the minimum of the previous 
several samples at the end of the minimum phase, 
Pulse_Avg represents the average of the samples of a period, 
and Pulse_Max represents the maximum of the previous 
several samples at the end of the maximum phase. 
Pulse_Avg may be expressed as 

PulseiSum 
PulseiAvg : W1, 
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Where Pu1se_Sum represents the sum of the samples of a 
pulse, and Pulse_Period represents the pulse period of the 
current pulse. Pu1se_Sum may be updated at every sample 
and reset to zero after calculating Pulse_Avg. 

[0063] Pulse quali?cation criteria comprising one or more 
output criteria are applied at step 362. Any suitable output 
criteria OCi may be used, for example: 

[0064] OCl: Pulse_Qual_NN_Outputt>NN_Thresh 
[0065] 0C2: Pulse_Qual_Output_IntegraltZc8, if no 
pulses have been quali?ed yet Where Pulse_Qual_NN_Out 
put represents the output of the pre-trained pulse quali?ca 
tion neural net, NN_Thresh represents a neural net threshold 
that may be used to qualify a pulse, Pulse_Qual_Output_In 
tegral represents the integral of Pulse_Qual_NN_Outputt, 
and c8 represents a constant. The output of the neural net 
may range from 0 to l. 

[0066] In one example, NN_Thresh may be given by the 
folloWing equation: 

NNiThresh=cl+c2*(PeriodfRatio-cg); and 

[0067] c4, if there are no quali?ed pulses, for example, 
if Avg_Period=0 

Where Period_Ratio represents the ratio of the current 
period and the average period, and cl, c2, c3, and c4 
represent constants having any suitable values, for 
example, cl=0.4, c2=0.25, c3=l.0, and c4=0.5. Perio 
d_Ratio may be given as 

, , , PulseiPeriod AvgiPeriod 

Per1odiRat1o : 1'1'11?[2, ma i 
AvggPeriod ’ PulseiPeriod 

[0068] In one example, Pulse_Qual_Output_Integral may 
be given by the folloWing equation: 

PulseiQualiOutputiIntegralFmin(PulsefQualfOut 
putiIntegralP1+PulseiQualiNNiOutputrc5, c6); and 

0, if PulseiQualiNNioutput‘écy 

Where c5, c6, and c7 represent constants having any suitable 
values, for example, c5=0.5, c6=l00, and c7=0.5, and the 
subscript t_l denotes the previous pulse. In one example, 
constant c8 may be set such that the initial estimate for 
Avg_Period is determined from either a very good pulse (for 
example, >95% probability of being an arterial pulse) or 
multiple acceptable successive pulses. 

[0069] Pulse quali?cation criteria comprising one or more 
initialization criteria are applied at step 366. Any suitable 
initialization criterion ICi may be used, for example: 

1C1: [PulsefPeriod 
LastiPulseiPeriod] 2 09* InitialiPulseiC ount* PulseiPeriod 

Where Pulse_Period represents the pulse period of the cur 
rent pulse, Last_Pulse_Period represents the Pulse_Period 
for the previous non-ignored pulse, Initial_Pulse_Count 
represents the number of non-ignored pulses found since 
re-initialization, and c9 represents a constant having any 
suitable value, for example, c9=0.l. Initial_Pulse_Count 
may be incremented after a pulse is evaluated according to 
the pulse quali?cation criteria. Criterion ICl requires that 
consecutive pulse periods agree closely, but gradually 
relaxes its threshold With each successive pulse, Which may 
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reduce or prevent inaccurate initial pulse estimates. Accord 
ing to one embodiment, the ?rst pulse may be rejected by 
requiring Initial_Pulse_Count>l . 

[0070] IC2: Path_Ratio<c1O, if no pulses have been quali 
?ed yet Where Path_Ratio represents the ratio of the path 
length and the pulse amplitude, and c1O represents a constant 
having any suitable value. Path_Ratio may be given by 

PathiLength 
PulsefMax- Pulse Min’ 

Where Path_Length represents the sum of sample-to-sample 
differences for the samples of a pulse. Constant c1O may be 
selected to reduce the likelihood of initializing the pulse-rate 
estimate to values that are too loW under noisy conditions. 
For example, clo=4.0. 

[0071] Apulse period criterion is adjusted according to the 
ensemble averaging Weight at step 368. A pulse period 
criterion may refer to a pulse quali?cation criterion that 
quali?es a pulse according to a pulse period. Any suitable 
pulse period criterion PPCi may be used. According to one 
embodiment, a pulse With a shorter-than-average period may 
be disquali?ed if the ensemble averaging Weight indicates 
that quali?ed pulses are less likely to have shorter-than 
average period. As an example, pulse period criterion PPCl 
may be used and adjusted according to the following: 

PPCI: (AvgiPeriod-PulsefPeriod) 2 2 >“AvgiPeriod’g 
min(EnsembleiAveragingWeight‘, EnsemblefAver 
agingiWeight‘il), if AvgiPeriod>0 

Where Avg_Period represents an estimate of the average 
pulse period, Pulse_Period represents the pulse period of the 
current pulse. Pulse quali?cation criteria comprising the 
pulse period criterion are applied at step 370. 

[0072] The pulses are quali?ed or disquali?ed according 
to the evaluations at step 374. The pulses may be quali?ed 
or disquali?ed according to the evaluations in any suitable 
manner. According to one embodiment, a pulse that satis?es 
the above pulse quali?cation criteria is designated as quali 
?ed, and a pulse that fails to satisfy any of the above pulse 
quali?cation criteria is designated as non-quali?ed. After 
qualifying the pulses, the method ends. 

[0073] Modi?cations, additions, or omissions may be 
made to the method Without departing from the scope of the 
invention. The method may include more, feWer, or other 
steps. Additionally, steps may be performed in any suitable 
order Without departing from the scope of the invention. 

[0074] FIG. 5 is a ?owchart illustrating one embodiment 
of a method for adjusting a pulse amplitude criterion in 
accordance With an average pulse amplitude and an average 
pulse period. According to one embodiment, a pulse ampli 
tude criterion may disqualify a pulse With an amplitude that 
is much smaller than (e.g., more than three times smaller) an 
average amplitude and a period that is much greater that an 
average period. The pulse amplitude criterion may reduce 
the likelihood of qualifying instrument noise When the pulse 
amplitude suddenly disappears. 

[0075] The method starts at step 400, Where pulses are 
received. Steps 412 through 424 describe evaluating the 
received pulses in accordance With pulse quali?cation cri 
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teria. The pulse quali?cation criteria may be applied in any 
suitable order. According to one embodiment, the pulse 
quali?cation criteria are applied in the order of the steps, and 
if a pulse fails one criterion, subsequent criteria are not 
applied. 

[0076] Pulse quali?cation criteria comprising one or more 
sample criteria are applied at step 412. Any suitable sample 
criterion SCi may be used, for example, SCI and SC2. Pulse 
quali?cation criteria comprising one or more output criteria 
are applied at step 416. Any suitable output criterion OCi 
may be used, for example, OCl and 0C2. Pulse quali?cation 
criteria comprising one or more initialization criteria are 
applied at step 420. Any suitable initialiZation criterion ICi 
may be used, for example, ICl and 1C2. 

[0077] Pulse quali?cation criteria comprising one or more 
pulse amplitude criteria are applied at step 424. Any suitable 
pulse amplitude criterion PSCl may be used. According to 
one embodiment, a pulse amplitude criterion may disqualify 
a pulse With an amplitude that is much smaller than (e.g., 
more than three times smaller) an average amplitude and a 
period that is much greater that an average period. The pulse 
amplitude criterion may reduce the likelihood of qualifying 
instrument noise When the pulse amplitude suddenly disap 
pears. 

[0078] An example pulse amplitude criterion PSCl may be 
expressed as: 

PSC1: SumfAmpfDiffE-q; OR 

PeriodiRatioéc2; OR 

PeriodiRatio§(c1+SumiAmpiDiff/c3), provided that 
PulseiPeriod>AvgiPeriod, pulses have been previ 
ously quali?ed, and a signi?cant number of pulses have 
been previously evaluated; 

Where Sum_Amp_Dilf represents the sum of amplitudes, 
Period_Ratio represents the ratio of the current period and 
the average period, and cl, c2, and c3 represent constants 
having any suitable values, for example, cl=2.3, c2=l .3, and 
c3=6. 
[0079] According to one embodiment, Sum_Amp_Dilf 
may be de?ned according to the folloWing equation: 

Where Avg_Ln_Pulse_Amp represents a variable-Weight ?l 
tered version of ln(Pulse_Amp), With a loW initial value, and 
Pulse_Amp represents the amplitude of a pulse in the 
Curr_Sample Waveform. 

[0080] The pulses are quali?ed or disquali?ed according 
to the evaluations at step 428. The pulses may be quali?ed 
or disquali?ed according to the evaluations in any suitable 
manner. According to one embodiment, a pulse that satis?es 
the above pulse quali?cation criteria is designated as quali 
?ed, and a pulse that fails to satisfy any of the above pulse 
quali?cation criteria is designated as non-quali?ed. After the 
pulses are quali?ed, the method ends. 

[0081] Modi?cations, additions, or omissions may be 
made to the method Without departing from the scope of the 
invention. The method may include more, feWer, or other 
steps. Additionally, steps may be performed in any suitable 
order Without departing from the scope of the invention. 
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[0082] FIG. 6 is a ?owchart illustrating one embodiment 
of a method for adjusting a saturation Weight in accordance 
With a pulse quality metric. A pulse quality metric is a signal 
metric indicating the quality of one or more pulses. For 
example, a pulse quality metric may describe a characteristic 
such as pulse shape or beat-to-beat variability. A saturation 
Weight may refer to a Weight used for ?ltering saturation 
estimates. The metric may be used to adjust a saturation 
Weight, Which may enhance accuracy under conditions such 
as interference from a noise source, loW perfusion, or 
electronic interference. 

[0083] The method starts at step 450, Where a saturation 
Weight is established. The method may be applied to any 
suitable ?lter that ?lters saturation estimates. According to 
one embodiment, the ?lter may comprise a Kalman ?lter. 
For a Kalman ?lter, the saturation s may be updated for each 
sample from an estimation error P and Kalman gain K 
according to the folloWing equation: 

SFSPI +Kr(vr_uri 15141) 
Where : 

and u and v represent inputs, Q represents the variance of 
saturation s, and R represents the variance of noise. Inputs 
u and v may represent inputs calculated from the IR and Red 
plethysmographs utiliZing coef?cients de?ned by encoder 
116. The ratio v/u may converge to the oxygen saturation 
estimate in the absence of artifacts. 

[0084] According to one embodiment, noise variance R 
may be given by the folloWing equation: 

Nil 2 

R :[ (viii — uriisrii) ] 

Where N represents a suitable number of samples, such as 
one pulse period or one second. 

[0085] Saturation Weight Wt may be given by the folloWing 
equation: 

Saturation Weight Wt depends on Kalman gain K, Which in 
turn depends on noise variance R. Accordingly, a change in 
the noise variance may yield a change in the saturation 
Weight. Noise variance R may be dependent, at least in part, 
on the ?ltered saturation output of the Kalman ?lter. 

[0086] A pulse quality metric is determined at step 462. 
The pulse quality metric Pulse_Qual may re?ect the quality 
of the most recently evaluated pulse. According to one 
embodiment, the pulse quality metrics range from 0 to l. 

[0087] The saturation ?ltering may be in one of multiple 
response modes based on the response time of the ?ltering 
at step 466. As an example, the response modes may include 
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a fast response mode, normal response mode, or sloW 
response mode, Where the fast response mode has a time of 
less than 4 seconds, normal response mode has a time of 
greater than 4 and less than 6, or sloW response mode has a 
time of more than 6 seconds. The response mode may be 
user-selected or automatically selected. 

[0088] If the saturation ?ltering is in a fast or a normal 
response mode at step 466, the method proceeds to step 468, 
Where the noise variance is adjusted. According to one 
embodiment, the noise variance in the fast response mode 
may be adjusted according to the folloWing equation: 

1 

Where b is a constant selected in accordance With the 
response mode. According to the embodiment, the noise 
variance in the normal response mode may be adjusted 
according to the folloWing equation: 

Where p represents a second noise variance estimate. The 
second noise-variance estimate is designed to be less sen 
sitive to rapid physiological saturation changes. 

[0089] If the saturation ?ltering is in the sloW response 
mode at step 466, the method proceeds to step 470, Where 
the noise variance is adjusted in accordance With pulse 
quality. According to one embodiment, the noise variance in 
the fast response mode may be adjusted according to the 
folloWing equation: 

2 
temp ‘:0 

Where: 

temp : max(min(c1 *PulseiQuaL c2), c3) 

and cl, c2, and c3 represent any suitable constants, for 
example, cl=2, c2=l, and c3=0.0l. According to the above 
equation, a change in pulse quality may yield a change in 
noise variance. As discussed above, a change in the noise 
variance may yield a change in the saturation Weight. 
Accordingly, saturation Weight may be adjusted in accor 
dance With the pulse quality. 

[0090] The saturation Weight is adjusted in accordance 
With the noise variance c at step 474. After adjusting the 
saturation Weight, the method ends. 

[0091] Modi?cations, additions, or omissions may be 
made to the method Without departing from the scope of the 
invention. The method may include more, feWer, or other 
steps. Additionally, steps may be performed in any suitable 
order Without departing from the scope of the invention. 
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[0092] FIG. 7 is a ?owchart illustrating another embodi 
ment of a method for adjusting a saturation Weight in 
accordance With a ratio-of-ratios variability metric and a 
pulse quality metric. A ratio-of-ratios variability metric 
indicates the variation of a ratio-of-ratios, Where a ratio-of 
ratios is the ratio of the absorbances of red and infrared 
signals. A pulse quality metric is a signal metric indicating 
the quality of one or more pulses. For example, a pulse 
quality metric may describe a characteristic such as pulse 
shape or beat-to-beat variability. A saturation Weight may 
refer to a Weight used for ?ltering saturation estimates. The 
metrics may be used to adjust a saturation Weight, Which 
may enhance accuracy under conditions such as interference 
from a noise source, loW perfusion, or electronic interfer 
ence. 

[0093] The method starts at step 550, Where a saturation 
Weight is established. A ratio-of-ratios variability metric is 
determined at step 558. Any suitable ratio-of-ratios variabil 
ity metric may be used. According to one embodiment, the 
ratio-of-ratios R—oR may be determined from infrared and red 
input samples collected over a time period of any suitable 
duration, for example, less than 5 seconds, such as 3 
seconds. RoR may be given by the folloWing equation: 

2 

Where Red represents red input values, IR represents infra 
red input values, and N represents the time period divided by 
the sample time. 

[0094] According to the embodiment, a ratio-of-ratios 
variability metric RoR_Variance_Per may be given by the 
folloWing equation: 

RoRiVarianceiPer : 

Where: 

N* 1 

[0095] A pulse quality metric is determined at step 562. 
The pulse quality metric Pulse_Qual may re?ect the quality 
of the most recently evaluated pulse. 

[0096] The saturation ?ltering may be in one of multiple 
response modes based on the response time of the ?ltering 
at step 566. As an example, the response modes may include 
a fast response mode, normal response mode, or sloW 
response mode. If the saturation ?ltering is in a fast or a 
normal response mode at step 566, the method proceeds to 
step 568, Where the saturation Weight is calculated from the 
ratio-of-ratios variance metric. According to one embodi 
ment, the saturation Weight may be adjusted by ?rst calcu 
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lating an intermediate value Sat_Noise_Per according to the 
following equation: 

SatiNoiseiPer : RoRiNoiseiPer * dSatidRoR 

Where: 

RoRiNoiseiPer : RoRiVarianceiPem RoR 

Where 

and Where dSat_dRoR represents the derivative of the 
saturation With respect to the ratio-of-ratios at a ratio-of 
ratios value equal to RoR. This derivative may be calculated 
using the calibration coef?cients selected by the oximeter 
based on the signals from the encoder 116. According to one 
embodiment, if Sat_Noise_Per is greater then a maximum 
threshold, Sat_Noise_Per may be set to a maximum value. 

[0097] The saturation Weight may be adjusted using the 
intermediate value Sat_Noise_Per. If Sat_Noise_Per is 
greater than a threshold c4, such as c4=0.09, then saturation 
Weight may be adjusted according to the folloWing equation: 

According to the embodiment, before the ?rst second of 
?ltering has elapsed, the minimum ?lter Weight Wm may be 
set at Wm=l .0. OtherWise, minimum ?lter Weight Wm may be 
set at Wm=0.5 divided by the number of seconds. 

[0098] If the saturation ?ltering is in the sloW response 
mode at step 566, the method proceeds to step 570, Where 
the saturation Weight is calculated from the ratio-of-ratios 
variance metric and then adjusted in accordance With the 
pulse quality metric. The saturation Weight Wt may be 
calculated in a manner similar to that of step 568, except that 
Wt may be adjusted according to the pulse quality metric. For 
example, the equation for RoR_Noise_Per may be modi?ed 
to: 

RoRiNoiseiPer=RORiVarianceiPer*ROR/lemp 

Where temp=max(min(cl*Pulse_Qual, c2), c3), and cl, c2, 
and c3 represent any suitable constants, for example, cl=2, 
c2=l, and c3=0.l. 

[0099] Saturation is calculated at step 574. Saturation may 
be calculated according to the folloWing equation: 

S aturationFvlq>g RaWiSaturation1+(l — W‘)* Saturationkl 

Where RaW_Saturationt is calculated from RoR using the 
calibration coef?cients selected by the oximeter based on the 
signals from the encoder 116. After calculating the satura 
tion, the method ends. 

[0100] Modi?cations, additions, or omissions may be 
made to the method Without departing from the scope of the 
invention. The method may include more, feWer, or other 
steps. Additionally, steps may be performed in any suitable 
order Without departing from the scope of the invention. 

[0101] As an example, the above-described saturation 
Weight might be used to ?lter the ratio-of-ratios prior to 
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saturation calculation, rather than calculating saturation ?rst 
and then ?ltering the ratio-of-ratios. According to one 
embodiment, a ratio-of-ratios Weight may be established in 
accordance With the ratio-of-ratios variability metric and the 
pulse quality metric. The ratio-of-ratios Weight may be 
established in a manner similar to that of step 570. The 
ratio-of-ratios may be ?ltered in accordance With the ratio 
of-ratios Weight, and the saturation calculated according to 
the ?ltered ratio-of ratios. 

[0102] Certain embodiments of the invention may provide 
one or more technical advantages. A technical advantage of 
one embodiment may be that a noise gate parameter of a 
noise gate criterion may be adjusted in accordance With an 
ensemble averaging Weight. Ensemble averaging ?ltering 
may reduce the noise level, Which may alloW for a loWered 
noise gate. Accordingly, the ensemble averaging Weight, 
Which indicates the degree of ensemble averaging, may be 
used to adjust the noise gate parameter. 

[0103] Another technical advantage of one embodiment 
may be that a pulse period criterion may be adjusted in 
accordance With an ensemble averaging Weight. According 
to the embodiment, an ensemble averaging Weight may 
indicate that a quali?ed pulse is not likely to have a pulse 
period that is substantially shorter than an average pulse 
period. Accordingly, a pulse period criterion may be 
adjusted to disqualify a pulse having a pulse period that is 
substantially shorter than an average pulse period. 

[0104] Another technical advantage of one embodiment 
may be that a pulse amplitude criterion may be adjusted in 
accordance With an average pulse amplitude and an average 
pulse period. According to one embodiment, a pulse ampli 
tude criterion may disqualify a pulse With an amplitude that 
is much smaller than (e.g., more than three times smaller) an 
average amplitude and a period that is much greater that an 
average period. The pulse amplitude criterion may reduce 
the likelihood of qualifying instrument noise When the pulse 
amplitude suddenly disappears. 
[0105] Another technical advantage of one embodiment 
may be that a saturation Weight may be adjusted in accor 
dance With a ratio-of-ratios variability metric and a pulse 
quality metric. The metrics may be used to adjust a satura 
tion Weight, Which may enhance accuracy under conditions 
such as motion artifact, loW perfusion, or electronic inter 
ference. 

[0106] While the invention may be susceptible to various 
modi?cations and alternative forms, speci?c embodiments 
have been shoWn by Way of example in the draWings and 
have been described in detail herein. HoWever, it should be 
understood that the invention is not intended to be limited to 
the particular forms disclosed. Rather, the invention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention as de?ned by the 
folloWing appended claims. 

What is claimed is: 
1. A method for adjusting a pulse quali?cation criterion, 

comprising: 

receiving a signal representing a plurality of pulses, the 
signal generated in response to detecting light scattered 
from blood perfused tissue; 
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determining a ?lter parameter value of a ?lter parameter 
of a ?lter, the ?lter comprising an ensemble averaging 
?lter operable to ?lter the signal, the ?lter parameter 
comprising an ensemble averaging Weight for the 
ensemble averaging ?lter; 

adjusting a pulse quali?cation criterion in accordance 
With the ?lter parameter value, the pulse quali?cation 
criterion for qualifying a pulse; and 

evaluating the plurality of pulses according to the pulse 
quali?cation criterion. 

2. The method of claim 1, Wherein: 

determining a ?lter parameter value of a ?lter parameter 
of a ?lter comprises determining an ensemble averag 
ing Weight indicating an increased degree of ensemble 
averaging; and 

adjusting a pulse quali?cation criterion in accordance 
With the ?lter parameter value comprises reducing a 
noise gate level of a noise gate criterion. 

3. The method of claim 1, Wherein: 

determining a ?lter parameter value of a ?lter parameter 
of a ?lter comprises determining an ensemble averag 
ing Weight indicating that a quali?ed pulse is not likely 
to have a pulse period that is substantially shorter than 
an average pulse period; and 

adjusting a pulse quali?cation criterion in accordance 
With the ?lter parameter value comprises adjusting a 
pulse period criterion to disqualify a pulse having a 
pulse period that is substantially shorter than an aver 
age pulse period. 

4. An system operable to adjust a pulse quali?cation 
criterion, comprising: 

an interface operable to: 

receive a signal representing a plurality of pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue; and 

a processor operable to: 

determine a ?lter parameter value of a ?lter parameter 
of a ?lter, the ?lter comprising an ensemble averag 
ing ?lter operable to ?lter the signal, the ?lter 
parameter comprising an ensemble averaging Weight 
for the ensemble averaging ?lter; 

adjust a pulse quali?cation criterion in accordance With 
the ?lter parameter value, the pulse quali?cation 
criterion for qualifying a pulse; and 

evaluate the plurality of pulses according to the pulse 
quali?cation criterion. 

5. The system of claim 4, the processor further operable 
to: 

determine a ?lter parameter value of a ?lter parameter of 
a ?lter by determining an ensemble averaging Weight 
indicating an increased degree of ensemble averaging; 
and 

adjust a pulse quali?cation criterion in accordance With 
the ?lter parameter value by reducing a noise gate level 
of a noise gate criterion. 
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6. The system of claim 4, the processor further operable 
to: 

determine a ?lter parameter value of a ?lter parameter of 
a ?lter by determining an ensemble averaging Weight 
indicating that a quali?ed pulse is not likely to have a 
pulse period that is substantially shorter than an aver 
age pulse period; and 

adjust a pulse quali?cation criterion in accordance With 
the ?lter parameter value by adjusting a pulse period 
criterion to disqualify a pulse having a pulse period that 
is substantially shorter than an average pulse period. 

7. A system for adjusting a pulse quali?cation criterion, 
comprising: 

means for receiving a signal representing a plurality of 
pulses, the signal generated in response to detecting 
light scattered from blood perfused tissue; 

means for determining a ?lter parameter value of a ?lter 
parameter of a ?lter, the ?lter comprising an ensemble 
averaging ?lter operable to ?lter the signal, the ?lter 
parameter comprising an ensemble averaging Weight 
for the ensemble averaging ?lter; 

means for adjusting a pulse quali?cation criterion in 
accordance With the ?lter parameter value, the pulse 
quali?cation criterion for qualifying a pulse; and 

means for evaluating the plurality of pulses according to 
the pulse quali?cation criterion. 

8. A system operable to adjust a pulse quali?cation 
criterion, comprising: 

an interface operable to: 

receive a signal representing a plurality of pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue; and 

a processor operable to: 

determine one or more ?lter parameter values of a ?lter 

parameter of a ?lter, the ?lter comprising an 
ensemble averaging ?lter operable to ?lter the signal, 
the ?lter parameter further comprising an ensemble 
averaging Weight for the ensemble averaging ?lter; 

adjust one or more pulse quali?cation criteria in accor 
dance With the ?lter parameter value, a pulse quali 
?cation criterion for qualifying a pulse, the one or 
more pulse quali?cation criteria adjusted by: 

reducing a noise gate level of a noise gate criterion 
according to the ensemble averaging Weight if the 
ensemble averaging Weight indicates an increased 
degree of ensemble averaging; and 

adjusting a pulse period criterion to disqualify a 
pulse having a pulse period that is substantially 
shorter than an average pulse period according to 
the ensemble averaging Weight if the ensemble 
averaging Weight indicates that a quali?ed pulse is 
not likely to have a pulse period that is substan 
tially shorter than an average pulse period; and 

evaluate the plurality of pulses according to the pulse 
quali?cation criterion. 
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9. A method for adjusting a pulse quali?cation criterion, 
comprising: 

receiving a signal representing a plurality of pulses, the 
signal generated in response to detecting light scattered 
from blood perfused tissue, each pulse having an 
amplitude and a period, a subset of the plurality of 
pulses having a plurality of amplitudes and a plurality 
of periods; 

determining an average amplitude from the plurality of 
amplitudes; 

determining an average period from the plurality of 
periods; 

adjusting a pulse quali?cation criterion in accordance 
With the average amplitude and the average period; and 

evaluating one or more of the plurality of pulses accord 
ing to the pulse quali?cation criterion by disqualifying 
a pulse having an amplitude that is signi?cantly smaller 
than the average amplitude and a period that is signi? 
cantly greater that the average period. 

10. The method of claim 9, Wherein evaluating one or 
more of the plurality of pulses according to the pulse 
quali?cation criterion comprises: 

disqualifying a pulse having an amplitude that is more 
than three times smaller than the average amplitude and 
a period that is signi?cantly greater that the average 
period. 

11. An system operable to adjust a pulse quali?cation 
criterion, comprising: 

an interface operable to: 

receive a signal representing a plurality of pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue, each pulse having 
an amplitude and a period, a subset of the plurality 
of pulses having a plurality of amplitudes and a 
plurality of periods; and 

a processor operable to: 

determine an average amplitude from the plurality of 
amplitudes; 

determine an average period from the plurality of 
periods; 

adjust a pulse quali?cation criterion in accordance With 
the average amplitude and the average period; and 

evaluate one or more of the plurality of pulses accord 
ing to the pulse quali?cation criterion by disquali 
fying a pulse having an amplitude that is signi? 
cantly smaller than the average amplitude and a 
period that is signi?cantly greater that the average 
period. 

12. The system of claim 11, the processor further operable 
to evaluate one or more of the plurality of pulses according 
to the pulse quali?cation criterion by: 

disqualifying a pulse having an amplitude that is more 
than three times smaller than the average amplitude and 
a period that is signi?cantly greater that the average 
period. 
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13. A system for adjusting a pulse quali?cation criterion, 
comprising: 
means for receiving a signal representing a plurality of 

pulses, the signal generated in response to detecting 
light scattered from blood perfused tissue, each pulse 
having an amplitude and a period, a subset of the 
plurality of pulses having a plurality of amplitudes and 
a plurality of periods; 

means for determining an average amplitude from the 
plurality of amplitudes; 

means for determining an average period from the plu 
rality of periods; 

means for adjusting a pulse quali?cation criterion in 
accordance With the average amplitude and the average 
period; and 

means for evaluating one or more of the plurality of pulses 
according to the pulse quali?cation criterion by dis 
qualifying a pulse having an amplitude that is signi? 
cantly smaller than the average amplitude and a period 
that is signi?cantly greater that the average period. 

14. An system operable to adjust a pulse quali?cation 
criterion, comprising: 

an interface operable to: 

receive a signal representing a plurality of pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue, each pulse having 
an amplitude and a period, a subset of the plurality 
of pulses having a plurality of amplitudes and a 
plurality of periods; and 

a processor operable to: 

determine an average amplitude from the plurality of 
amplitudes; 

determine an average period from the plurality of 
periods; 

adjust a pulse quali?cation criterion in accordance With 
the average amplitude and the average period; and 

evaluate one or more of the plurality of pulses accord 
ing to the pulse quali?cation criterion by: 

disqualifying a pulse having an amplitude that is more 
than three times smaller than the average amplitude and 
a period that is signi?cantly greater that the average 
period. 

15. A method for adjusting a Weight of a saturation 
?ltering process, comprising: 

receiving a signal representing one or more pulses, the 
signal generated in response to detecting light scattered 
from blood perfused tissue, the light comprising a ?rst 
Wavelength and a second Wavelength; 

determining a ratio-of-ratios variability metric indicating 
the variation of a ratio-of-ratios, a ratio-of-ratios rep 
resenting the ratio of absorbances of the ?rst Wave 
length and the second Wavelength; 

determining a pulse quality metric indicating the quality 
of the one or more pulses; and 

adjusting a saturation Weight in accordance With the 
ratio-of-ratios variability metric and the pulse quality 
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metric, the saturation Weight representing a Weight 
used for a ?ltering process operable to ?lter a saturation 
estimate of the blood perfused tissue. 

16. The method of claim 15, comprising: 

establishing that the ?ltering process is in a predetermined 
response mode. 

17. The method of claim 15, Wherein adjusting a satura 
tion Weight in accordance With the ratio-of-ratios variability 
metric and the pulse quality metric further comprises: 

modifying a noise variance in accordance With the pulse 
quality metric; and 

adjusting the saturation Weight in accordance With the 
modi?ed noise variance. 

18. The method of claim 15, Wherein the saturation Weight 
calculated by a Kalman ?lter. 
19. A method for calculating saturation, comprising: 

i 

receiving a signal representing one or more pulses, the 
signal generated in response to detecting light scattered 
from blood perfused tissue, the light comprising a ?rst 
Wavelength and a second Wavelength; 

determining a pulse quality metric indicating the quality 
of the one or more pulses; 

determining a ratio-of-ratios variability metric indicating 
the variation of a ratio-of-ratios, a ratio-of-ratios rep 
resenting the ratio of absorbances of the ?rst Wave 
length and the second Wavelength; 

establishing a ratio-of-ratios Weight in accordance With 
the ratio-of-ratios variability metric and the pulse qual 
ity metric; 

?ltering the ratio-of-ratios in accordance With the ratio 
of-ratios Weight; and 

calculating saturation according to the ?ltered ratio-of 
ratios. 

20. The method of claim 19, comprising: 

establishing that the ?ltering process is in a predetermined 
response mode. 

21. An system operable to adjust a Weight of a saturation 
?ltering process, comprising: 

an interface operable to: 

receive a signal representing one or more pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue, the light compris 
ing a ?rst Wavelength and a second Wavelength; and 

a processor operable to: 

determine a ratio-of-ratios variability metric indicating 
the variation of a ratio-of-ratios, a ratio-of-ratios 
representing the ratio of absorbances of the ?rst 
Wavelength and the second Wavelength; 

determine a pulse quality metric indicating the quality 
of the one or more pulses; and 

adjust a saturation Weight in accordance With the ratio 
of-ratios variability metric and the pulse quality 
metric, a saturation Weight representing a Weight 
used for a ?ltering process operable to ?lter the 
saturation estimate of the blood perfused tissue. 
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22. The system of claim 21, the processor further operable 
to: 

establish that the ?ltering process is in a predetermined 
response mode. 

23. The system of claim 21, the processor further operable 
to adjust a saturation Weight in accordance With the ratio 
of-ratios variability metric and the pulse quality metric by: 

modifying a noise variance in accordance With the pulse 
quality metric; and 

adjusting the saturation Weight in accordance With the 
modi?ed noise variance. 

24. The system of claim 21, Wherein the saturation Weight 
is calculated by a Kalman ?lter. 

25. A system for adjusting a Weight of a saturation 
?ltering process, comprising: 

an interface operable to: 

receive a signal representing one or more pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue, the light compris 
ing a ?rst Wavelength and a second Wavelength; and 

a processor operable to: 

determine a pulse quality metric indicating the quality 
of the one or more pulses; 

determine a ratio-of-ratios variability metric indicating 
the variation of a ratio-of-ratios, a ratio-of-ratios 
representing the ratio of absorbances of the ?rst 
Wavelength and the second Wavelength; 

establish a ratio-of-ratios Weight in accordance With the 
ratio-of-ratios variability metric and the pulse quality 
metric; 

?lter the ratio-of-ratios in accordance With the ratio 
of-ratios Weight; and 

calculate saturation according to the ?ltered ratio-of 
ratios. 

26. The system of claim 25, comprising: 

establishing that the ?ltering process is in a predetermined 
response mode. 

27. A system for adjusting a Weight of a saturation 
?ltering process, comprising: 

means for receiving a signal representing one or more 
pulses, the signal generated in response to detecting 
light scattered from blood perfused tissue, the light 
comprising a ?rst Wavelength and a second Wave 
length; 

means for determining a ratio-of-ratios variability metric 
indicating the variation of a ratio-of-ratios, a ratio-of 
ratios representing the ratio of absorbances of the ?rst 
Wavelength and the second Wavelength; 

means for determining a pulse quality metric indicating 
the quality of the one or more pulses; and 

means for adjusting a saturation Weight in accordance 
With the ratio-of-ratios variability metric and the pulse 
quality metric, the saturation Weight representing a 
Weight used for a ?ltering process operable to ?lter a 
saturation estimate of the blood perfused tissue. 
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28. An system operable to adjust a Weight of a saturation establish that the ?ltering process is in a predetermined 
?ltering process, comprising: response mode; and 

an interface operable to: adjust a saturation Weight in accordance With the ratio 
of-ratios Variability metric and the pulse quality 
metric, the saturation Weight representing a Weight 
used for a ?ltering process operable to ?lter a satu 
ration estimate of the blood perfused tissue, the 
saturation Weight calculated by a Kalman ?lter, the 

receive a signal representing one or more pulses, the 
signal generated in response to detecting light scat 
tered from blood perfused tissue, the light compris 
ing a ?rst Wavelength and a second Wavelength; and 

a processor operable to: saturation Weight adjusted by: 

determine a ratio-of-ratios Variability metric indicating modifying a noise Variance in accordance With the 
the Variation of a ratio-of-ratios, a ratio-of-ratios pulse quality metric; and 
representing the ratio of absorbances of the ?rst 
Wavelength and the Second Wavelength; adjusting the saturation Weight in accordance With 

the modi?ed noise Variance. 
determine a pulse quality metric indicating the quality 

of the one or more pulses; * * * * * 


