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(57) Abstract: A system for detecting a physiological parameter
from a physiological signal, includes a source of the physiolog-
ical signal. Circuitry, coupled to the signal source, detects spec-
tral peaks in the physiological signal. Calculating circuitry, cou-
pled to the spectral peak detecting circuitry, calculates a param-
eter value corresponding to each detected spectral peak. Weight-
ing circuitry, coupled to the calculating circuitry and the spectral
peak detecting circuit, assigns a weight to each peak according
to a feature of a signal and the parameter value corresponding
to that peak. Circuitry, coupled to the weighting circuitry, se-
lects the peak according to a predetermined criterion. Output cir-
cuitry, coupled to the selecting circuitry and the calculating cir-
cuitry, then generates the parameter value corresponding to the
selected peak.
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Method and Apparatus for Detecting a Physiological Parameter

FIELD OF THE INVENTION

The present invention relates to detecting a desired
physiological parameter from physiological electrical signals,
and more particularly to removing artifacts from the
physiological signal in order to more accurately detect the

desired parameter.

BACKGROUND OF THE INVENTION

It is often required to detect a physiological parameter
from electrical physiological signals. For example, parameters
related to the functioning of the heart are detected using known
electrocardiogram systems; parameters related to the functioning
of the brain are detected using known electroencephalogram
systems, and the parameters of blood oxygen concentration and
pulse rate are detected using known oximeter systems. In the
remainder of this application, pulse oximeter systems will be
described in more detail, though one gkilled in the art will
understand that the systems, circuits, and methods in the
description may be modified to apply to other systems which
detect physiological parameters from electrical physioclogical

signals.

Known oximeter systemg use light signals to detect the
blood oxygen concentration. Light of two different wavelengths
is made incident on blood perfused flesh, and either transmitted
or reflected light is detected, converted to an electrical
physiological signal, and that electrical signal processed to
detect the physiological parameter of blood oxygen
concentration, all in a known manner. It is well known that
many factors introduce noise into the electrical signal: for
example patient movement, changes in ambient light level, and,

1
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to a lesser extent, EMI from power wiring and/or other operating

electrical equipment in the vicinity of the oximeter system.

In order to enhance accuracy, much work has been done to
detect accurately the electrical oximetry signals in the noise
inherent in such systems. Some prior art systems transform the
time domain electrical physiological signal (including noise)
into the frequency domain, and perform further processing in the
frequency domain. Such systems use a Fourier transform to
transform the electrical physiological signal into the frequency
domain. More specifically, a discrete Fourier transform of some
form, preferably a fast Fourier transform (FFT) is used. The
frequency domain signals are then analyzed to separate the
physiological signal from the noise and detect the desired

parameter.

U.S. Patent 6,122,535, issued September 19, 2000 to Kaestle
et al., illustrates a system in which FFTs are calculated of
both the IR and red light representative signals generated by
the oxymetric sensor. From the FFTs, a magnitude transform is
calculated for both the red and IR signals. The magnitude
transform for one of the signals is plotted on the x axis
against the magnitude transform for the other of the two signals
on the y axis. The resulting x-y plot includes what are termed
needles extending radially away from the origin. The magnitude
and angle of these needles, and other parameters related to
them, are compiled in a table. Each entry in the table is
scored according to various criteria. The entry with the
highest score is selected as representing the actual pulse rate
of the patient. Data from the FFT related to this entry is then
processed to generate pulse rate and blood oxygen concentration

(Sp0,) parameters.



WO 01/58345 PCT/US01/03841

U.S. Patent 6,094,592, issued July 25, 2000 to Yorkey et
al. illustrates another system in which FFTs are calculated on
both the IR and red 1light representative signals generated by
the oxmetric sensor. An SpO, parameter is calculated for each
and every point in the FFT. A histogram is then constructed of
all the SpO, parameters previously calculated. One of the SpO,
parameters is selected from the histogram information according
to a set of rules. This SpO, value is displayed as the blood

oxygen concentration parameter.

U.S. Patent 5,924,980, issued July 20 1999 to Coetzee,
illustrates yet another system in which FFTs are calculated on
both the IR and red light representative signals generated by
the oxymetric sensor. In this patent, "good" and "bad"
portions of the light representative signals generated by the
oxymetric sensor are identified by comparing the light
representative signals to an "ideal" waveform. Outliers are
identified and deleted by correlating the red and IR light
representative signals. As a result of the correlation the
adverse effect of the noise signals is minimized, and the SpO,

value is calculated in a more accurate manner.

All of these prior art systems require a substantial amount
of processing, and consequently a substantial amount of power.
A system which requires less processing and consumes less power

is desirable.

BRIEF SUMMARY OF THE INVENTION

In accordance with principles of the present invention, a
system for detecting a physiological parameter from a
physiological signal, includes a source of the physiological
signal. Circuitry, coupled to the signal source, detects
spectral peaks in the physiological signal. Calculating

circuitry, coupled to the spectral peak detecting circuitry,
3
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calculates a parameter value corresponding to each detected
spectral peak. Weighting circuitry, coupled to the calculating
circuitry and the spectral peak detecting circuit, assigns a
weight to each peak according to a feature of a signal and the
parameter value corresponding to that peak. Circuitry, coupled
to the weighting circuitry, selects the peak according to a
predetermined criterion. Output circuitry, coupled to the
selecting circuitry and the calculating circuitry, then
generates the parameter value corresponding to the selected

peak.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing::

Fig. 1 is a block diagram illustrating a blood oxygen
concentration (SpO,;) detection system according to principles of
the present invention;

Fig. 2 is a diagram illustrating the method of detecting a

spectral peak useful in the system illustrated in Fig. 1.
DETATLED DESCRIPTION OF THE INVENTION

Fig. 1 is a block diagram representing the blood oxygen
concentration (SpO,) detection system according to principles of
the present invention. In Fig. 1 in oxymetric sensor 10,
represented by the combination of a light source 14 and a light
sensor 16, 1s connected to a control circuit 100. In Fig. 1 an
output terminal of a controller 102 is coupled to an input
terminal of a light source 14. Additional output terminals of
controller 102 are coupled to respective control input terminals
(not shown) of other circuitry within the control circuit 100.
One skilled in the art will understand what control signals are
required, how to generate them, and how to interconnect them
with the circuitry within the control circuit 100 requiring

them.
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The light source 14 is configured to emit light incident on
blood perfused flesh 5, such as a finger or ear lobe, as is
known. The light transmitted through, or reflected from, the
flesh 5 is received by a light sensor 16. An output terminal of
light sensor 16 is coupled to a serial connection of a band pass
filter (BPF) 108, an FFT calculating circuit 110, a magnitude
calculator 112, a peak detector 114, an SpO, value calculator
118, a peak weighting circuit 120, peak selection circuitry
122, subharmonic checking circuitry 124, and circuitry 126 which
produces output signals representing the SpO, and pulse rate
parameters. A first output terminal of the output circuit 126,
generates the SpO, parameter value and is further coupled with
input terminal of a monitor 128. A second output terminal of
the output circuit 126 produces a pulse rate representative

signal.

In operation, the light source 14 includes at least two
light emitting diodes: one emitting light at the red wavelength,
the other emitting light at the IR wavelength, in response to
the control signal from the controller 102. The controller 102
supplies signals to the light source 14 conditioning the light
gsource 14 to produce alternating light signals at the respective
wavelengths. Alternately, the controller 102 may condition the
LEDs to emit light during mutually exclusive time periods
including a time period when no light is emitted by either LED,
all in a known manner. The light sensor 16 receives light
signals either transmitted through or reflected from the flesh
5. The signals are processed in the appropriate way to produce
separate red and IR electrical signals representing the received
signals from the corresponding LED in the light source 14, in a
known manner. This processing can include noise filtering, dark
(no LED light) period processing, gain control, and possibly

conversion to digital samples, all in a known manner. In the
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remainder the diagram, the red and IR electrical signals are
represented by single signal lines, unless specifically
described otherwise. One skilled in the art will also
understand that some of this processing may be performed within
the control circuit 100, though such circuitry is not shown in

order to simplify the figure.

Because the electrical physiological signals of interest
are known to exist only in the frequency band from 0.5 Hz to 5
Hz, the band pass filter 108 filters the received light
representative signals and passes only those frequencies within
this pass band. The FFT calculating circuit 110 performs a
transform of the filtered red and IR signals into the frequency
domain. The red and IR FFTs are converted to magnitude
transforms by the magnitude calculator 112 in the standard
manner. Circuit 114 detects peaks in the magnitude FFT of the
IR signal only. Any of the plurality of known methods for
detecting peaks may be used on the IR magnitude FFT to detect
the peaks.

Fig. 2 is a diagram illustrating the method of detecting a
spectral peak useful in the system illustrated in Fig. 1. 1In
Fig. 2, the IR magnitude FFT is traversed from the dc point
upward in frequency. A peak is detected whenever the magnitude
of the IR FFT rises from a magnitude of the starting point by at
least a predetermined amount (e.g. 300) before the magnitude of
the IR FFT drops by the predetermined amount below the peak.

The detected peak has associated with it a frequency and a
magnitude. The frequency of the detected peak is the frequency
location in the FFT at which the maximum magnitude is detected,
and the maximum magnitude at that frequency location is the peak

magnitude.
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Referring more specifically to Fig. 2, an exemplary IR
magnitude FFT is illustrated. One skilled in the art will
understand that such an FFT consists of an ordered set of
magnitude values, each value representing the magnitude of the
IR signal at a corresponding frequency.. However, in order to
more clearly describe the method for detecting peak values, this
set of values is represented by a line graph representing the
magnitude spectrum. Starting at the dc point 202, the magnitude
of the IR FFT is monitored to detect when it exceeds the dc
value by a predetermined value, which is the illustrated
embodiment is 300. In Fig. 2 this occurs at point 204. From
point 204, the maximum value of the magnitude of the IR FFT 1is
continually updated, and the magnitude of the IR FFT is
monitored to detect when it decreases from the maximum value by
the predetermined amount (e.g. 300). More specifically, a
maximum is detected at point 206. This maximum has a value of
M1l and a frequency of Fl1. This peak is selected when the
magnitude of the IR FFT drops below the maximum magnitude M1 by
the predetermined amount (300), which occurs at point 208. From
point 208, the minimum value of the magnitude of the IR FFT is
continually updated, and the magnitude of the IR FFT is
monitored to detect when it increases from the minimum value by
the predetermined amount (300). More specifically, a minimum
is detected at point 210. This minimum is selected when the
magnitude of the IR FFT exceeds the minimum magnitude at point
210 by the predetermined amount (300), which occurs at point
212. The magnitude and frequency of the minimum point are not

relevant.

From point 210 the process described above repeats to
detect further peaks. Consequently, as described above, from
point 212 the maximum value of the magnitude of the IR FFT is
continually updated, and the magnitude of the IR FFT is
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monitored to detect when it decreases from the maximum value by
the predetermined amount (300). A second maximum is detected at
point 214. This maximum has a value of M2 and a frequency of
F2. This peak is selected when the magnitude of the IR FFT
drops below the maximum magnitude M2 by the predetermined amount
(300) , which occurs at point 216. All such peaks are detected
in this manner. These peaks are further processed as described
below. Alternatively, a predetermined maximum number of peaks
may be further processed (e.g. 10 to 30). In this case, the 10
to 30 peaks with the largest magnitudes are further processed,

as described below, while the remainder are discarded.

The calculating circuitry 118 calculates in SpO, value for
the frequency of each peak identified by the peak detecting
circuitry 114. For each such peak, the calculation is based on
the ratio R, given in equation (1) below, in which ACred
represents the magnitude of the red FFT at the location of the
peak detected in the IR FFT; DCred represents the magnitude of
the red FFT at the zero frequency (DC) location; ACir represents
the magnitude of the IR FFT at the location of the peak, and
DCir represents the magnitude of the IR FFT at the zero
frequency (DC) location. The ratio R is then used as an input
parameter to an experimentally determined look up table to

determine the SpO, value corresponding to that ratio.

lo ACred + DCred

R= & DCred
ACir + DCir
log———M8M —

DCir

(1)

Each peak detected by the peak detector 114 is then
weighted by weighting circuit 120. The weighting in general is
based on the SpO, value calculated in the calculating circuitry
118, and other signal features. These signal features may be
related to the physiological signals themselves, or to some

8
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other signal as illustrated in phantom Fig. 1 by signal lines
coupled to a second input terminal of the weighting circuit 120.
These signal features could, for example, be a value, slope or
integral or some other function of one or more signals,
including the physiological signals, in either the time or

frequency domain.

In the illustrated embodiment, the weight W is calculated,
as illustrated in equation (2) below, by taking the Sp0O, value
calculated by the calculating circuit 118, squaring it, and
multiplying by the magnitude of the corresponding IR FFT peak
(ACir) to produce the weight W corresponding to that peak.

W =(Sp0,)* - ACir (2)

The selection circuitry 122 selects a peak according to a
predetermined criterion. In the illustrated embodiment, the
peak having the largest weight W is selected as the peak

representing the actual pulse rate.

However, if the peak selected the selecting circuitry 122
is between her 0.75 Hz and 1.4 Hz, then it is possible that the
frequency of this peak represents not the pulse rate, but
instead the first harmonic of the pulse rate and that the
spectral peak representing the frequency of the fundamental is
masked by noise. Thus, one further check may optionally be
performed before the final selection of a peak representing the

pulse rate.

Checking circuitry 124 checks the frequency of the peak
selected by the selecting circuit 122 to determine if it is
between 0.75 Hz and 1.4 Hz. If it is, then the location in the
magnitude IR FFT at 1/2 of the frequency represented by the
selected peak is checked to determine if it is has been
identified as a peak. If that location is not a peak, then the

S
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peak initially selected by the selection circuitry 122 is
selected as the peak, and the pulse rate and SpO, values
corresponding to that peak are produced at the output terminals

of the output circuit 126 and displayed on the monitor 128.

On the other hand, if the location of the IR magnitude FFT
at 1/2 of the frequency of the peak initially selected by
selecting circuit 122 is determined to also be a peak, then the
magnitude of that peak (lower peak) is compared to the magnitude
of the peak initially selected by the selecting circuit 122
(upper peak). If the magnitude of the lower peak is greater
than twice the magnitude of the upper peak, then the SpO, values
calculated for the lower and upper peaks are compared. If the
SpO, value (expressed as a percentage) for the lower peak is
more than two percent greater than the SpO, value for the upper
peak, then the lower peak is assumed to be the fundamental, and
the frequency of the lower peak is assumed to represent the
pulse rate. In this case the pulse rate and the SpO, values
corresponding to the lower peak are produced at the output
terminals of the output circuit 126 and displayed on the monitor
128. Otherwise, the upper peak is assumed to be the
fundamental, and the pulse rate and the SpO, values
corresponding to the upper peak are produced at the output
terminals of the output circuit 126 and displayed on the monitor

128.

The system illustrated in Fig. 1 is described above as
consisting of separate interconnected hardware elements, and
such a system could be implemented in that manner. However, one
skilled in the art will understand that the control circuit 100
could also be implemented as a computer system, operating under
control of a control program, in which signals received from the
light sensor 16 are converted into samples in digital form by an
analog to digital converter in a known manner. The digital

10
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samples are received by the computer 100, and all filtering,
transforms, and other calculations and comparisons are carried
out by the computer under control of a program stored in a

memory (not shown) all in a known manner.

By detecting spectral peaks in the electrical red and IR
light signals, the amount of calculations which must be
performed, relative to the prior art methods, described above,
is decreased, and consequently the power required to detect the

pulse rate and SpO, level is decreased as well.

11
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What is claimed is:

1. A system for detecting a physiological parameter from
a physiological signal, comprising:

a source of the physiological signal;

circuitry, coupled to the signal source, for detecting
spectral peaks in the physiological signal;

calculating circuitry, coupled to the spectral peak
detecting circuitry, for calculating a parameter value
corresponding to each detected spectral peak;

weighting circuitry, coupled to the calculating circuitry,
for weighting each peak according to a signal feature and the
parameter value corresponding to that peak;

circuitry, coupled to the weighting circuitry, for
selecting a peak according to a predetermined criterion; and

output circuitry, coupled to the selecting circuitry and
the calculating circuitry, for generating the parameter value

corresponding to the selected peak.

2. The system of claim 1 further comprising a bandpass
filter coupled between the signal source and the spectral peak

detecting circuit.

3. The system of claim 1 wherein the spectral peak
detecting circuitry comprises:

a transform circuit, coupled to the signal source, for
transforming the physiological signal to the frequency domain;
and

circuitry for detecting spectral peaks in the frequency

domain transform of the physiological signal.

12
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4. The system of claim 3 wherein the transform circuit

comprises a Fourier transform circuit.

5. The system of claim 4 wherein:

the Fourier transform circuit comprises an FFT circuit; and

the spectral peak detecting circuitry comprises circuitry
for calculating the magnitude of the FFT transform of the
physiological signal, and a circuit for detecting peaks in the

magnitude FFT transform.

6. The system of claim 1 wherein the weighting circuitry
weights each peak according to respective signal features of one
or more signals and the parameter value corresponding to that

peak.

7. The system of claim 1 wherein the weighting circuitry
weights each peak according to the magnitude of the detected
spectral peak and the parameter value corresponding to that

peak.

8. The system of claim 1 wherein the selecting circuitry

selects the peak having the largest weight.

9. A system for detecting blood oxygen concentration
(Sp0.) from a physiological signal, comprising:

a source of the physiological signal;

circuitry, coupled to the signal source, for detecting
spectral peaks in the physiological signal;

calculating circuitry, coupled to the spectral peak
detecting circuitry, for calculating the SpO, value
corresponding to each detected spectral peak;

weighting circuitry, coupled to the calculating circuitry

13
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and the spectral peak detecting circuit, for weighting each peak
according to the magnitude of the detected spectral peak and the
Sp0, value corresponding to that peak;

circuitry, coupled to the weighting circuitry, for
selecting the peak having the largest weight; and

output circuitry, coupled to the selecting circuitry and
the calculating circuitry, for generating the parameter value

corresponding to the selected peak.

10. The system of claim 9 further comprising a bandpass
filter coupled between the signal source and the detecting

circuitry.

11. The system of claim 10 wherein the passband of the

bandpass filter is between around 0.5 Hz and around 5 Hz.

12. The system of claim 9 wherein the signal source
comprises a source of a red signal representing received red
light and a source of an IR signal representing received IR

light.

13. The system of claim 12 wherein:

the spectral peak detecting circuitry comprises a Fourier
transform circuit which generates transformed red and IR signals
corresponding to the red and IR signals, respectively; and

the detecting circuitry detects peaks in the transformed IR

signal.

14. The system of claim 13 wherein:
the Fourier transform circuit comprises an FFT circuit; and

the peak detecting circuit further comprises a circuit for

14



WO 01/58345 PCT/US01/03841

generating the magnitude transform of the IR signal, and

detecting peaks in the magnitude transform of the IR signal.

15. The system of claim 13 wherein the calculating
circuitry comprises:

circuitry for calculating a ratio R value according to the
equation:

lo ACred + DCred

Ret DCred
ACir + DCir
log—————

DCir

wherein ACred represents the magnitude of the transformed red

signal at each peak, DCred represents the DC magnitude of
transformed red signal, ACir represents the magnitude of the
transformed IR signal at each peak, and DCir represents the DC
magnitude of the IR signal.; and

a lookup table for looking up the SpO, value according to

the ratio R.

16. The system of claim 13 wherein the weighting circuitry
comprises circuitry for calculating the weight W according to

the equation:
W =(Sp0,)* - ACir
wherein ACir represents the magnitude of the transformed IR

signal at each peak.

17. The system of claim 9 wherein each detected peak is
further associated with a frequency, and the system further
comprises:

circuitry for determining if the frequency associated with
the selected peak is within a predetermined frequency range and
if the frequency associated with the selected peak is within the
predetermined frequency range, then:

15
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checking if the transformed signal at one-half the

frequency associated with the selected peak is also a peak,

and if the signal at one-half the frequency associated with

the selected peak is also a peak, then:

18.

factor is

19.

comparing the respective magnitudes associated
with the selected peak and the peak at one-half the
frequency associated with the selected peak, and

if the magnitude of the peak at one-half the
frequency associated with the selected peak is greater
the magnitude of the selected peak by a predetermined
factor, and the Sp0O, value associated with the peak at
one-half the frequency associated with the selected
peak is greater than the SpO, value associated with
the selected peak by a predetermined amount, then
selecting the peak at one-half the frequency of the

selected peak.

The system of claim 17 wherein the predetermined

substantially two.

The system of claim 17 wherein the SpO, value is

expressed at a percentage; and the predetermined amount is

substantially 2%.

20.

The system of claim 17 wherein the predetermined

frequency range is from around 0.5 Hz to around 1.4 Hz.

21.

The system of claim 9 comprised in a computer system,

operating under control of a control program.

22.

A method for detecting a physiological parameter from

a physiological signal, comprising the steps of:

16
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receiving the physiological signal representing the
parameter;

detecting spectral peaks in the physiological signal;

calculating the physiological parameter corresponding to
each peak;

weighting each peak according to a signal feature and the
physiological parameter corresponding to that peak;

selecting a peak according to a predetermined criterion;
and

generating the physiological parameter corresponding to the

selected peak.

23. The method of claim 22 further comprising, before peak
detecting step, the step of limiting the bandwidth of the
physiological signal.

24. The method of claim 22 wherein the peak detecting step
comprises the steps of:

calculating the Fourier transform of the physiological
signal; and

detecting peaks in the transform of the physiological

signal.

25. The method of claim 24 wherein the peak detecting step
further comprises the step of calculating the magnitude Fourier

transform of the physiological signal.

26. The method of claim 22 wherein the weighting step
comprises the step of weighting each peak according to
respective features of one or more signals and the physiological

parameter corresponding to the peak.

17
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27. The method of claim 26 wherein the weighting step
comprises the step of weighting each peak according to the
magnitude of the peak and the physiological parameter

corresponding to the peak.

28. The method of claim 22 wherein the selecting step
comprises the step of selecting the peak having the largest

weight.

29. A method for detecting blood oxygen concentration
(SpO;) from a physiological signal, comprising the steps of:

receiving the physiological signal representing the SpO,
value;

detecting spectral peaks in the physiological signal;

calculating the SpO, value corresponding to each peak;

weighting each peak according to magnitude of the peak and
the SpO, value corresponding to that peak;

selecting the peak with the highest weight; and

generating the SpO, value corresponding to the selected

peak.

30. The method of claim 29 further comprising, before the
detecting step, the step of limiting the bandwidth of the
physiological signal.

31. The method of claim 30 wherein the limiting step
comprises the step of limiting the bandwidth to from around 0.5

Hz to around 5 Hz.

32. The method of claim 29 wherein:
the receiving step comprises the step of receiving a red

signal representing received red light and an IR signal

18
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representing received IR light;

the transforming step comprises the step of transforming
the red and IR signals to transformed red and IR signals,
respectively; and

the detecting step comprises the step of detecting peaks in

the transformed IR signal.

33. The method of claim 32 wherein the transforming step
further comprises the step of transforming the red and IR
signals to magnitude transformed red and IR signals,

respectively.

34. The method of claim 32 wherein the transformed
physiological signal has a DC magnitude, and the calculating
step comprises the steps of:

calculating a ratio R value according to the equation:

ACred + DCred
log

R= DCred
ACir + DCir
log———

DCir

wherein ACred represents the magnitude of the transformed red

signal at each peak, DCred represents the DC magnitude of
transformed red signal, ACir represents the magnitude of the
transformed IR signal at each peak, and DCir represents the DC
magnitude of the IR signal.; and

looking up the SpO, value from a lookup table according to

the ratio R.

35. The method of claim 32 wherein the weighting step
comprises the step of calculating the weight W according to the

equation:

W =(Sp0,)* - ACir

19
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wherein ACir represents the magnitude of

gignal at each peak.

36. The method of claim 29 wherein
further associated with a frequency, and

comprises, after the selecting step, the

PCT/US01/03841

the transformed IR

each detected peak is
the method further

steps of:

determining if the frequency associated with the selected

peak is within a predetermined frequency

range and if the

frequency associated with the selected peak is within the

predetermined frequency range, then performing the steps of:

checking if the transformed signal at one-half

the frequency associated with the selected peak is

also a peak and if the signal at one-half the

frequency associated with the selected peak is also a

peak, then performing the steps of:

comparing the respective magnitudes

associated with the selected peak and the

peak at one-half the

frequency associated

with the selected peak; and

if the magnitude of the peak at one-

half the frequency associated with the

selected peak is greater than a

predetermined factor

times the magnitude of

the selected peak, and the SpO, value

associated with the peak at one-half the

frequency associated with the selected peak

is greater than the SpO, value associated

with the selected peak by a predetermined

amount, then selecting the peak at one-half

the frequency of the

37. The method of claim 36 wherein

factor is substantially two.
20

selected peak.

the predetermined
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38. The method of claim 36 wherein the SpO; value is
expressed at a percentage; and the predetermined amount is

substantially 2%.

39. The method of claim 36 wherein the predetermined

frequency range is from about 0.5 Hz to about 1.4 Hz.

21



WO 01/58345

/110

\ 4
23]
B
-n
v

FFT

—

PCT/US01/03841

MAGNITUDE

LI

FOR EACH PEAK {

" | CALCULATOR

RONLYy

DETECT
PEAKS

118

CALCULATE
SpO, VALUE

v //1 20

WEIGHT
PEAKS

3 /122

SELECT PEAK
W/LARGEST
WEIGHT

/1 24

A 4

CHECK FOR
SUBHARMONIC

y 12

OUTPUT Spo,
& PULSE RATE

CONTROLLER
102 T
D=~y --
N
J00
128
MONITOR |«

v
SpO, PULSE

RATE

/114

_



WO 01/58345 PCT/US01/03841

2/2

dc F1 F2

Fig. 2



INTERNATIONAL SEARCH REPORT Inte.  onal Application No
PCT/US 01/03841

CLASSIFICATION OF SUBJECT MATTER

A.
IPC 7 A61B5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classitication symbols)

IPC 7 A61B GO6F

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Elecironic dala base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, COMPENDEX, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of documeni, with indication, where appropriate. of the reievant passages Relevant to claim No.
Y US 5 632 272 A (ELFADEL IBRAHIM M ET AL) 1-7,
27 May 1997 (1997-05-27) 22-27
A column 56, line 18 -column 58, Tine 28 9-21,
29-39
Y SCHARF J E ET AL: "Pulse oximetry through 1-7,
spectral analysis” 22-27

PROCEEDINGS OF THE TWELFTH SOUTHERN
BIOMEDICAL ENGINEERING CONFERENCE (CAT.
NO.93TH0525-6), NEW ORLEANS, LA, USA, 2-4
APRIL 1993,

pages 227-229, XP002168591
1993, New York, NY, USA, TEEE, USA
ISBN: 0-7803-0976-6
A page 227, line 27 - line 34 9-21,
29-39
page 229, line 7 - line 28

-

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : ., ]
T* tater document published after the international filing date

or priority date and not in conflict with the application but

*A" document defining the general state of the art which is not f o :
considered 1o be of particular relevance i(;:tveéjn:z) rl:ndersland the principle or theory underlying the
'E* earlier document but published on or after the international *X* document of particular relevance; the claimed ‘invemion
filing date ‘ o ) cannot be considered novel or cannot be considered to
‘L* document which may tglrow doubt% Ion prlorclily claflm(s) t?r involve an inventive step when the document is taken aione
which is cited to establish the publication date of another 'w* document of N B . R .
o : i particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilied
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual compietion of the international search Date of mailing of the internationai search report
30 May 2001 22/06/2001
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, . .
Fax: (+31-70) 340-3016 Knlpling, M

Formm PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2



INTERNATIONAL SEARCH REPORT Inter  >nal Application No
PCT/US 01/03841

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication where appropriate, of the relevant passages Reilevant to claim No.
A WO 99 60918 A (HUTCHINSON GLENN; NELLCOR 1-5,
PURITAN BENNETT INC (US); MALLINCKRODT I) 8~15,
2 December 1999 (1999-12-02) 17-25,
cited in the application 28-34,
36-39

page 6, line 7 — line 13
page 6, line 31 -page 8, line 19

Form PCT/ISA/210 (continuation of second sheet) (July 1962)

page 2 of 2



INTERNATIONAL SEARCH REPORT inte:

anal Application No

PCT/US 01/03841

Patent document Publication Patent famiily Publication

cited in search report date member(s) date

US 5632272 A 27-05-1997 us 5490505 A 13-02-1996
us 5482036 A 09-01-1996
AU 2125899 A 13-05-1999
AU 699762 B 17-12-1998
AU 3962395 A 15-05-1996
CA 2199016 A 02-05-1996
CN 1168624 A 24-12-1997
EP 0784448 A 23-07-1997
JP 10507118 T 14-07-1998
WO 9612435 A 02-05-1996
us 6157850 A 05-12-2000
us 6081735 A 27-06-2000
us 5685299 A 11-11-1997
us 6036642 A 14-03-2000
us 6206830 B 27-03-2001
us 5769785 A 23-06-1998
AT 184716 T 15-10-1999
AU 658177 B 06-04-1995
AU 1536992 A 06-10-1992
CA 2105682 A 08-09-1992
DE 69229994 D 21-10-1999
DE 69229994 T 27-04-2000
EP 0574509 A 22-12-1993
EP 0930045 A 21-07-1999
JP 6507485 T 25-08-1994
RU 2144211 C 10-01-2000
WO 9215955 A 17-09-1992

WO 9960918 A 02-12-1999 us 6094592 A 25-07-2000
AU 3938899 A 13-12-1999
EP 1079728 A 07-03-2001

Form PCT/ISA/210 (patent tamily annex) (July 1892)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
£ %X

H A2 FF 30k
SERaERE

BEG®F)

—HATMEEESHFRVEBESHNRS , IFRLBEFSHRER. B8
BIESROBELNERES RN LIERE, BT LEERNE
BEITEBRRITEN N TE MBI K IBEENSHE, RXEER
ST EREANMLEEON B |, BIEESHVISIENX N T ZIEER
SRENEMRESENRE. BEIMNEHEN BRRFMEIRALE
EE, AF , BETEE BRI E B0 B £ X N T ALl

ENSHE.

RTRNERSHI G EZNRE
EP1253851A1

EP2001908883
XEATFETHRAT

AT FET#ERFRUSA | INC.

ELGHAZZAWI ZIAD

ELGHAZZAWI, ZIAD

A61B5/0452 A61B5/00 A61B5/0476 A61B5/145 A61B5/1455

A61B5/14551 A61B5/1455 A61B5/7203 A61B5/7257

60/181482 2000-02-10 US
EP1253851B1

Espacenet

2002-11-06

2001-02-06

patsnap


https://share-analytics.zhihuiya.com/view/07dd31ed-fe99-4b99-b81c-45802762b4e5
https://worldwide.espacenet.com/patent/search/family/022664451/publication/EP1253851A1?q=EP1253851A1

