EP 1757 224 B1

(19)

Europaisches
Patentamt

European
Patent Office

9

Office européen

des brevets (11) EP 1 757 224 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 5/00(2006.01)
05.01.2011 Bulletin 2011/01
(21) Application number: 06017637.7
(22) Date of filing: 24.08.2006
(54) Apparatus and method for measuring oxygen saturation in blood
Vorrichtung und Methode zur Bestimmung der Sauerstoffsattigung von Blut
Dispositif et procédé de mesure de la saturation en oxygene du sang
(84) Designated Contracting States: » Miyata, Kenji
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR Shinjuku-ku
HUIEISITLILT LULV MC NL PL PT RO SE SI Tokyo (JP)
SKTR ¢ Yarita, Masaru
Shinjuku-ku
(30) Priority: 24.08.2005 JP 2005242574 Tokyo (JP)
28.07.2006 JP 2006205453 * Ito, Kazumasa
Shinjuku-ku
(43) Date of publication of application: Tokyo (JP)
28.02.2007 Bulletin 2007/09
(74) Representative: Griinecker, Kinkeldey,
(73) Proprietor: Nihon Kohden Corporation Stockmair & Schwanhausser
Shinjuku-ku Anwaltssozietit
Tokyo (JP) Leopoldstrasse 4
80802 Miinchen (DE)
(72) Inventors:
» Kobayashi, Naoki (56) References cited:
Shinjuku-ku US-A- 4 934 372 US-A1- 2004 059 209
Tokyo (JP) US-A1- 2004 267 140  US-A1- 2005 033 129

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 757 224 B1
Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to signal processing in a pulse oximeter used in a patient monitoring or for
diagnosing a respiratory system or a circulatory system.

[0002] Various methods have been proposed to separate a signal component and a noise component from two signals
substantially simultaneously extracted from a single medium. The methods are usually conducted by performing process-
ing in a frequency region and a time region.

[0003] In medical fields, it is known a pulse photometer including: an apparatus called a photoplethysmograph for
measuring a pulse waveform and a pulse rate; and an apparatus for measuring the concentration of a light absorbing
material in blood such as an apparatus for measuring an oxygen saturation in blood (SpO,), an apparatus for measuring
the concentration of abnormal hemoglobins such as carboxyhemoglobin and methemoglobin, and an apparatus for
measuring the concentration of an injected dye. Particularly, the apparatus for measuring the SpO, is called a pulse
oximeter.

[0004] The principle of the pulse photometer is to determine the concentration of an object material from a pulse wave
signal obtained by causing a living tissue to transmit or reflect light beams, which have a plurality of wavelengths
respectively correspond to different absorbances of the object material, and by continuously measuring an intensity of
transmitted or reflected light. In a case where noise are superimposed on pulse wave data, calculation of a correct
concentration or pulse rate cannot be achieved. Consequently, there is an anxious that an erroneous treatment may be
performed.

[0005] There is proposed a method performed in the pulse photometer, in which pulse wave signals are divided into
a plurality of frequency bands and a correlation between the signals is examined in each of the divided frequency bands
to reduce noises. However, this method has a problem in that analysis is time-consuming.

[0006] Japanese Patent No. 3270917 discloses a method comprising: irradiating light beams respectively having
different wavelengths onto a living tissue; drawing a graph in which the longitudinal axis and the transverse axis thereof
respectively represent the magnitudes of two signals obtained from transmitted light; and obtaining a regression line to
thereby obtain an oxygen saturation or the concentration of a light absorbing material in arterial blood according to the
gradient of the regression line.

[0007] However, a large amount of calculation is needed to obtain a regression line and the gradient thereof by using
a great amount of sampling-data on each of the pulse wave signals.

[0008] Japanese Patent Publication No. 2003-135434A discloses a method of using frequency analysis, in which the
fundamental frequency of a pulse wave signal is obtained instead of conventional extraction of the pulse wave signal
itself, and the pulse wave signal is filtered by using a filter employing a higher harmonic wave frequency to enhance
accuracy. Japanese Patent Publication Nos. 2005-95581A and 2005-245574A disclose a method for separating noise
from a pulse wave signal.

[0009] However, in a case where noise due to a body movement of a patient, whose amplitude is about ten times that
of the pulse wave, is superimposed on a pulse wave signal, it is difficult according to any of these methods to compute
a pulse rate and an oxygen saturation in arterial blood. Thus, a further improvement in signal processing is desired.
[0010] US 4,934,372 A discloses a method and apparatus for detecting optical pulses, whereby the collected optical
signals are converted into the frequency domain, and the spectral components of the frequency spectrum are analyzed,
thereby determining the red and infrared relative maximum intensity at the fundamental frequency, and relative minima
at the background intensity zero frequency. These are used as maxima and minima in the percentage modulation ratio
for calculating oxygen saturation. In the analyzing process, the oxygen saturation is calculated from red and infrared
relative maximum intensity at the fundamental frequency and relative minima at the background intensity zero frequency.

SUMMARY OF THE INVENTION

[0011] Itistherefore an objectoftheinvention to provide a signal processing method enabled to alleviate load calculation
for extracting a common signal component by processing two signals of a same kind, which are substantially simulta-
neously extracted from a same medium.

[0012] Itis also an object of the invention to measure the oxygen saturation of an object material with high accuracy
by applying the signal processing method even when noise due to the body movement of the medium is superimposed
on a pulse wave signal, thereby obtaining a pulse rate with high precision.

[0013] In order to achieve the above objects, according to the invention, there is provided an apparatus for measuring
an oxygen saturation in blood, comprising:

a plurality of light emitters, adapted to irradiate a living tissue with a plurality of light beams having different wave-
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lengths;

a light receiver, adapted to receive the light beams reflected from or transmitted through the living tissue to generate
pulse wave signals in accordance with pulsations of the blood in the living tissue;

a separator, operable to separate each of the pulse wave signals into a plurality of amplitude signals each of which
is associated with one frequency, thereby generating pairs of amplitude signals each of which is associated with
one of a plurality of frequencies;

a first processor, operable to calculate a ratio between the amplitude signals in each of the pairs of the amplitude
signals;

a selector, operable to select one of the pairs of the amplitude signals; and

a second processor, operable to calculate the oxygen saturation based on the ratio of the selected one of the pairs
of the amplitude signals.

[0014] The separator may comprise either an FFT processor or a digital filter.

[0015] The selector may be operable to select such a pair of the amplitude signals that have maximum amplitude values.
[0016] The selector may be operable to select such a pair of the amplitude signals that the ratio takes a minimum value.
[0017] The first processor may comprise: a first calculator, operable to define a plurality of frequency bands each of
which includes a plurality of amplitude signals obtained from each of the pulse wave signals, and operable to calculate
an average value of the amplitude signals in each of the frequency bands, thereby generating pairs of average values
each of which is associated with one of the frequency bands; and a second calculator, operable to calculate an average
ratio between the average values in each of the pairs of the average values. The selector may be operable to select
such a frequency band that the average ratio takes a minimum value.

[0018] The apparatus first processor may comprise: a first calculator, operable to: define a plurality of frequency bands
each of which includes a plurality of amplitude signals obtained from each of the pulse wave signals; judge whether
there is a maximal point of the amplitude signals in each of the frequency bands; and calculate an average value of the
amplitude signals in at least one of the frequency bands which is judged as one including the maximal point, thereby at
least one pair of average values each of which is associated with one of the frequency bands; and a second calculator,
operable to calculate an average ratio between the average values in each of the at least one pair of the average values.
The selector may be operable to select such a frequency band that the average ratio takes a minimum value.

[0019] The first processor may comprise: a first calculator, operable to calculate ratios each of which is a ratio between
each of the pairs of the amplitude signals; and a second calculator, operable to define a plurality of frequency bands
each of which includes a plurality of amplitude signals obtained from each of the pulse wave signals, and operable to
calculate an average value of the ratios in each of the frequency bands, thereby generating a plurality of average values.
The selector may be operable to select such a frequency band that the average value takes a minimum value.

[0020] A part of one of the frequency bands may be overlapped with a part of another one of the frequency bands.
[0021] The selector may be operable to select either such a pair of the amplitude signals that have maximum amplitude
values or such a pair of the amplitude signals that the ratio takes a minimum value in accordance with a prescribed
condition.

[0022] The prescribed condition may include a waveform of the amplitude signals.

[0023] The light beams may include a red light beam and an infrared light beam.

[0024] According to the invention, there is also provided a method for measuring an oxygen saturation in blood,
comprising:

irradiating a living tissue with a plurality of light beams having different wavelengths;

receiving the light beams reflected from or transmitted through the living tissue to generate pulse wave signals in
accordance with pulsations of the blood in the living tissue;

separating each of the pulse wave signals into a plurality of amplitude signals each of which is associated with one
frequency, thereby generating pairs of amplitude signals each of which is associated with one of a plurality of
frequencies;

calculating a ratio between the amplitude signals in each of the pairs of the amplitude signals;

selecting one of the pairs of the amplitude signals; and

calculating the oxygen saturation based on the ratio of the selected one of the pairs of the amplitude signals.

[0025] The separating may be performed with either an FFT processing or a digital filtering.

[0026] Such a pair of the amplitude signals that have maximum amplitude values may be selected as the one of the
pairs of the amplitude signals.

[0027] Such a pair of the amplitude signals that the ratio takes a minimum value may be selected as the one of the
pairs of the amplitude signals.

[0028] The method may further comprise:
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defining a plurality of frequency bands each of which includes a plurality of amplitude signals obtained from each
of the pulse wave signals;

calculating an average value of the amplitude signals in each of the frequency bands, thereby generating pairs of
average values each of which is associated with one of the frequency bands;

calculating an average ratio between the average values in each of the pairs of the average values; and

selecting such a frequency band that the average ratio takes a minimum value.

[0029] The method may further comprise:

defining a plurality of frequency bands each of which includes a plurality of amplitude signals obtained from each
of the pulse wave signals;

judging whether there is a maximal point of the amplitude signals in each of the frequency bands;

calculating an average value of the amplitude signals in at least one of the frequency bands which is judged as one
including the maximal point, thereby at least one pair of average values each of which is associated with one of the
frequency bands;

calculating an average ratio between the average values in each of the at least one pair of the average values; and
selecting such a frequency band that the average ratio takes a minimum value.

[0030] The method may further comprise:

calculating ratios each of which is a ratio between each of the pairs of the amplitude signals;

defining a plurality of frequency bands each of which includes a plurality of amplitude signals obtained from each
of the pulse wave signals;

calculating an average value of the ratios in each of the frequency bands, thereby generating a plurality of average
values; and

selecting such a frequency band that the average value takes a minimum value.

[0031] A part of one of the frequency bands may be overlapped with a part of another one of the frequency bands.
[0032] Either such a pair of the amplitude signals that have maximum amplitude values or such a pair of the amplitude
signals that the ratio takes a minimum value may be selected as the one of the pairs of the amplitude signals in accordance
with a prescribed condition.

[0033] The prescribed condition may include a waveform of the amplitude signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above objects and advantages of the present invention will become more apparent by describing in detail
preferred exemplary embodiments thereof with reference to the accompanying drawings, wherein:

Fig. 1 is a block diagram schematically showing a pulse oximeter;

Fig. 2A is a graph showing attenuation change signals obtained from pulse wave signals measured by the pulse
oximeter, in a case where no noise is superimposed;

Fig. 2B is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse wave
signals shown in Fig. 2A;

Fig. 2C is a graph showing a ratio between amplitudes of the spectra shown in Fig. 2B;

Fig. 3Ais a graph showing attenuation change signals obtained from pulse wave signals pulse wave signals measured
by the pulse oximeter, in a case where noise is superimposed thereon;

Fig. 3B is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse wave
signals shown in Fig. 3A;

Fig. 3C is a graph showing a ratio between amplitudes of the spectra shown in Fig. 3B, for explaining a signal
processing according to a first embodiment of the invention;

Fig. 3D is a graph showing the ratio between amplitudes of the spectra shown in Fig. 3B, for explaining a signal
processing according to a second embodiment of the invention;

Fig. 4A is a graph showing attenuation change signals obtained from pulse wave signals measured by the pulse
oximeter, in a case where large noise is superimposed;

Fig. 4B is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse wave
signals shown in Fig. 4A;

Fig. 4C is a graph showing attenuation change signals obtained from pulse wave signals measured by the pulse
oximeter, in a case where a signal separation method is applied;
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Fig. 4D is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse wave
signals shown in Fig. 4C;

Fig. 4E is a graph showing a ratio between amplitudes of the spectra shown in Fig. 4D;

Fig. 5A is a graph showing attenuation change signals obtained from pulse wave signals measured by the pulse
oximeter, in a case where extreme large noise is superimposed;

Fig. 5B is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse wave
signals shown in Fig. 5A;

Fig. 5C is a graph showing attenuation change signals obtained from pulse wave signals measured by the pulse
oximeter, in a case where a signal separation method is applied;

Fig. 5D is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse wave
signals shown in Fig. 5C;

Fig. 5E is a graph showing a ratio between amplitudes of the spectra shown in Fig. 5D;

Fig. 6 is a graph showing an actual measurement example;

Fig. 7A is a diagram showing a blood pulsation model in a case where no body movement is present;

Fig. 7B is a diagram showing the blood pulsation model in a case where a body movement is present;

Fig. 8 is a diagram showing a vector representation of attenuation ratios derived from the model shown in Fig. 7B;
Fig. 9 is a diagram showing a correlation between the attenuation ratio and an oxygen saturation in blood;

Fig. 10A is a graph showing attenuation change signals obtained from pulse wave signals pulse wave signals
measured by the pulse oximeter, in a case where noise is superimposed thereon;

Fig. 10B is a graph showing amplitude spectra obtained by applying a FFT processing with respect to the pulse
wave signals shown in Fig. 10A, for explaining a third embodiment of the invention;

Fig. 10C is a graph showing values each of which is an average value of amplitudes in each of divided frequency
bands shown in Fig. 10B; and

Fig. 10D is a graph showing values each of which is a ratio between the average values shown in Fig. 10C in each
of the divided frequency bands.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] Embodiments of the invention will be described below in detail with reference to the accompanying drawings.
[0036] As shown in Fig. 1, in a pulse oximeter of the invention, light emitters 1 a (LED R) and 1b (LED IR) are driven
by a first LED driver 2a, a second LED driver 2b and an LED selector 3 to alternately emit light.

[0037] Preferably, light emitted from the light emitter 1 a is red light (for example, the wavelength is 660nm), which is
highly sensitive to change in the oxygen saturation in arterial blood, and light emitted from the light emitter 1 b is infrared
light (for example, the wavelength is 940nm), which is less sensitive to the change in the oxygen saturation In arterial blood.
[0038] Light beams coming from these light emitters 1 a and 1b are transmitted (or reflected) by a living tissue 12 and
are subsequently received by a photodiode 8 that converts the received light to photoelectric current. Then, a current-
voltage converter 9 converts the photoelectric current to a voltage signal that is outputted to an A/D converter 11 through
a pulse wave demodulator 10.

[0039] An LED selection signal is applied from the LED selector 3 to the pulse wave demodulator 10 as a timing signal.
Thus, the red light and the infrared light received by the single photodiode 8 are extracted as separate pulse wave signals.
[0040] Pulse wave signals digitalized by the A/D converter 11 are processed by a CPU (adapted to perform computing,
processing, and control). The digital pulse wave signals are displayed on a display 5 and are recorded in a recorder 6.
[0041] A control panel 7 is operative to perform the setting for performing processing in the CPU.

[0042] Each of pulse waves respectively corresponding to red light R and infrared light IR is separated into an AC
component and a DC component by filtering. In addition, the ratio AC/DC of the magnitude of the AC component to that
of the DC component is calculated corresponding to each of the pulse waves R and IR to thereby calculate signals
representing attenuation changes AA.

[0043] The magnitude of the AC component in the pulse wave for the red light R is denoted as R_AC(t). The magnitude
of the DC component in the pulse wave for the red light R is denoted as R_DC(t). The magnitude of the AC component
in the pulse wave for the infrared light IR is denoted as IR_AC(t). The magnitude of the DC component in the pulse wave
for the infrared light IR is denoted as IR_DC(t).

[0044] Thus, the attenuation change signal for the red light R is expressed by AAr(t) = R_AC(t) / R_DC(t), and the
attenuation change signal for the infrared light IR is expressed by AAir(t) = IR_AC(t) / IR_DC(t). Fig. 2A shows these
attenuation change signals.

[0045] Fig. 2B shows amplitude spectra obtained after FFT processing is performed on the pulse waves shown in Fig.
2A. The amplitude spectrum corresponding to AAr(t) is denoted as R_F, FT(f) and the amplitude spectrum corresponding
to AAir(t) is denoted as IR_FFT(f). Because no noise are superimposed on the pulse waves, each of the amplitude
spectra shows a maximum value at a frequency of the pulse wave.
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[0046] Fig. 2C shows a ratio between the amplitudes of the spectra shown in Fig. 2B ( R_FFT(f) / IR_FFT(f)). This
ratio represents an attenuation ratio ® at each frequency of the spectra. Thus, the attenuation ratio ® can be expressed
by ®(f) = R_FFT(f) / IR_FFT(f).

[0047] When the frequency resolution of FFT is 0.1 Hz, ®(f) is computed by separating the pulse wave into frequencies
at intervals of 0.1 Hz.

[0048] Figs. 2A to 2C illustrate a case where no noise are superimposed on the pulse wave. However, in the case of
actually measured pulse wave, the attenuation ratio ® includes ®s which corresponds to the attenuation changes in
arterial blood, and ®n which corresponds to the attenuation changes of noise.

[0049] In a first embodiment of the invention, the attenuation ratios ® are calculated for a plurality of frequencies, and
the attenuation ratio @ at a frequency fmax, at which the amplitude of each of the spectra becomes maximum, is set to
be the attenuation ratio ®s of arterial blood.

[0050] Figs. 3A to 3C respectively correspond to Figs. 2A to 2C and are showing a case where noise is superimposed
on the pulse wave signals.

[0051] In comparison with the waveforms shown in Fig. 2B, it is apparent that, in Fig. 3B, peaks due to the noise
appear at frequencies other than the frequency of the pulse wave.

[0052] In a case where the amplitude due to the noise is relatively smaller than the amplitude of the pulse wave signal
(e.g., in a case where the ratio of the amplitude due to the noise to the amplitude of the pulse wave signal is no greater
than 0.7, preferably, no greater than 0.5), the attenuation ratio ® at the frequency, at which each of the amplitude spectra
shows a maximum value, is read and is determined to be the attenuation ratio ®s of arterial blood as shown in Fig. 3C.
Thus, the attenuation ratio ®s of arterial blood can easily be obtained.

[0053] In a second embodiment of the invention, the attenuation ratios @ are calculated for a plurality of frequencies,
and a minimum value of the attenuation ratios @ is set to be the attenuation ratio ®s of arterial blood.

[0054] Generally, the attenuation ratio ®@n in the frequency, at which the amplitude due to noise appears, tends to be
higher than the attenuation ratio ®s in the frequency at which the amplitude due to the pulse wave appears.

[0055] This is because of the fact that the change in the attenuation ratio, which is caused by the noise, results mainly
from change in the thickness of venous blood. Because the oxygen saturation in venous blood is lower than that of
arterial blood, the attenuation ratio ®n due to the change in thickness of venous blood is lower than the attenuation ratio
®s. Therefore, the minimum value of the attenuation ratios ® can be read as the attenuation ratio ®@s of arterial blood.
Fig. 3D shows this processing.

[0056] Itis apparentthatthe ratio @s obtained by this processing is almost the same as that obtained by the processing
illustrated in Fig. 3C. Here, the ratio ®s obtained by this processing may be taken into account of the judgment performed
in the first embodiment.

[0057] In a case where the frequency, at which the amplitude peak due to the noise appears, overlaps with the
frequency, at which the amplitude peak due to the pulse wave appears, the attenuation ratio @ obtained at such a
frequency becomes lower than the actual attenuation ratio ®s of arterial blood. Thus, the SpO, cannot correctly be
measured when the attenuation ratio @ obtained at the above frequency is employed. In such a case, a second-minimum
attenuation ratio @ obtained at a frequency other than the above frequency may be regarded as that ®s of arterial blood.
[0058] Next, grounds for the above determination will be described below by using a model in which arterial blood
pulsates and increases in thickness when no body movement is present with reference to Fig. 7A, and in which the
thickness of arterial blood and that of venous blood simultaneously change when a body movement is present with
reference to Fig. 7B.

[0059] In the case illustrated in Fig. 7A, the attenuation change AA is measured according to Lambert-Beer’s law as
follows.

AA=AAa=Ea-Hb-.ADa

where Aa designates an attenuation change caused by change in the thickness of arterial blood; Ea designates an
absorption coefficient of arterial blood (dL/g/cm); Hb denotes a hemoglobin concentration (g/dL); and ADa designates
change in the thickness of arterial blood (cm). The attenuation ratio @ to be measured is given by the following equation.

@ = AAJ/AA; = (Ea; - Hb - ADa) / (Eaz- Hb - ADa) = Eai/Eaz

where the suffixes designate wavelength numbers, and the suffix 1 corresponds to a wavelength of 660nm, and the
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suffix 2 corresponds to a wavelength of 940nm.
[0060] The attenuation ratio ®m to be measured in the case, in which no body movement is present, is given by the
following equation.

dm = AA1/ AAg = AAy ! AAx2

Thus, the measured ®m is the attenuation ratio ®a of arterial blood, that is, ®a = AA,1/AA ;.

[0061] On the other hand, in the case where a body movement is present, not only the thickness of arterial blood but
the thickness of venous blood changes, as shown in Fig. 7B. The attenuation change AA caused in this case is a sum
of the attenuation change AAa, which is caused by change in the thickness of arterial blood, and the attenuation change
AAv, which is caused by change in the thickness of venous blood (i.e., AA = AAa + AAv). The attenuation ratio ®m to
be measured in this case is given by the following equation.

dm = AA1/BAR = (AAas + AAv) | (AAx + AAY)

[0062] The attenuation changes are given in the following equations expressed in vector notation below.
Aa = (AAa2, AAa1)

Av = (AAy, AAy)

AM = (AAgz + AAg, AAq1 + AAn)

The attenuation ratios ® corresponding to the above attenuation changes are represented by the respective gradients
of the vectors shown in Fig. 8.

[0063] Incidentally, oxygen contained in arterial blood is taken into the tissue. Thus, the oxygen saturation Sv in venous
blood is lower than that Sa in arterial blood (Sa > Sv). However, because of the correlation between the attenuation ratio
@ and the oxygen saturation S of blood as shown in Fig. 9, the inequality ®a < ®v holds.

[0064] Therefore, as shown in Fig. 8, the measured attenuation ratio vector Am appears between the vector Aa, whose
gradient is small, and the vector Av whose gradient is large. The gradient ®m of the measured signal Am is determined
by the ratio in length between the vectors Aa and Av on condition that the values of the ratios ®a and ®v are constant.
[0065] In a case where a body movement is small and where the length of the vector Av is nearly equal to 0 (|Av| =
0), ®m = ®a. In a case where a body movement is large and where the length of the vector Av is much larger than that
of the vector Aa (JAv| » |Aa|), ®m = ®v.

[0066] In a case where the attenuation change ratio ®m is observed by separating the pulse wave into a plurality of
frequencies, the ratio @ obtained at the frequency, at which the value of the ratio ®m is minimum, has a value closest
to the attenuation ratio ®a of arterial blood.

[0067] The condition for minimizing the ratio ®m is that the ratio (|Aa| / |Av|) is maximum. However, the length |Aa| is
maximum at the fundamental frequency of the pulse wave, among the plurality of frequencies. Thus, assuming that the
noise is random like white noise, the ratio (JAa| / |Av|) is maximum at the fundamental frequency of the pulse wave.
[0068] Consequently, on condition that the noise is random, the fundamental frequency of the pulse wave can be
determined by searching for a frequency at which the ratio ®m is minimum.

[0069] Next, a third embodiment of the invention will be described. Figs. 10A and 10B respectively correspond to Figs.
3A and 3B. In this embodiment, an effective frequency band (e.g., from 0.5Hz to 5.0Hz) of each of the amplitude spectra
is divided into a plurality of frequency bands (e.g., eight bands) each of which has a plurality of measurement points
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(e.g., four points) denoted by dashed lines in Fig. 10B.

[0070] In this embodiment, the divided frequency bands arranged such that parts of adjacent divided frequency bands
are overlapped to each other. However, the adjacent divided frequency bands may not be overlapped to each other.
[0071] Next, as shown in Fig. 10C, an average value of the amplitudes at the plural measurement points is calculated
for each of the divided frequency bands. The average value calculated for the spectrum corresponding to the red light
R is denoted as R_FFT_ave. The average value calculated for the spectrum corresponding to the infrared light IR is
denoted as IR_FFT_ave.

[0072] Further, as shown in Fig. 10D, a ratio between the thus calculated average values (R_FFT_ave /IR_FFT_ave)
is calculated for each of the divided frequency bands.

[0073] Finally, the minimum value Rmin of the thus calculated ratios is regarded as an attenuation ratio in arterial
blood, and the frequency associated with the minimum value is regarded as a fundamental frequency fp of the pulse wave.
[0074] In this embodiment, the average value of the amplitudes at the plural measurement points is first calculated
for each of the divided frequency bands, and the ratio between the average values is then calculated as the attenuation
ratio. However, a ratio between the amplitudes for each of the measurement points may be first calculated as an
attenuation ratio, and an average value of the thus calculated ratios may be then calculated for each of the divided
frequency bands.

[0075] Inaddition, the following processing may be adopted. It is determined whether a maximal point of the amplitude
spectrum is included for each of the divided frequency shown in Fig. 10B. A divided frequency band which is judged as
one including the maximal point becomes a candidate for a frequency band including an attenuation ratio in arterial
blood. Among such candidates, one including the minimum value of the ratio between the average values (R_FFT_ave
/ IR_FFT_ave) Is determined as the frequency band including an attenuation ratio in arterial blood.

[0076] The above judgment may be performed at least one of the amplitude spectrum corresponding to the red light
R (R_FFT) and the amplitude spectrum corresponding to the infrared light IR (IR_FFT).

[0077] A divided frequency band which is judged as one not including the maximal point will not become the candidate
even if the ratio of the average values (R_FFT_ave / IR_FFT_ave) of the divided frequency band has a relatively small
value.

[0078] Specifically, in order to judge whether one divided frequency band has a maximal point of the amplitude spec-
trum, it is judged an n-th measurement point in the divided frequency band denoted as FFT(n) is the maximal point when
the FFT(n) satisfies both of the following inequalities: FFT(n-1) < FFT(n) and FFT(n) > FFT(n+1).

[0079] However, if the n-th measurement point judged as the maximal point is located at one of both ends of one of
the divided frequency bands (2) through (7) shown in Fig. 10B, the frequency band including such an n-th measurement
point will not be regarded as one including the maximal point. This is because both ends of one of these divided frequency
bands is contained in an adjacent one of the divided frequency bands. In other words, since the measurement points
corresponding to the minimum frequency in the divided frequency band (1) and the maximum frequency in the divided
frequency band (8) are not contained in another divided frequency band, if these measurement points are judged as the
maximal point, the judgment is made valid.

[0080] Theabove judgmentin connection with the maximal point may be executed after the execution of the processings
shown in Figs. 10A to 10D in order to enhance the accuracy of the determination of the attenuation ratio in arterial blood
based on the minimum value Rmin.

[0081] In a case where the amplitude of the noise is relatively smaller than the amplitude of the pulse wave, the
attenuation ratio @ at the frequency, at which the amplitude spectrum shows a maximum value, can be read and is
determined to be the attenuation ratio ®s of arterial blood. However, in a case where the amplitude of the noise is
somewhat large, it is difficult to find out a peak corresponding to the pulse wave from the amplitude spectrum obtained
by the FFT or the like.

[0082] Figs. 4A and 4B respectively correspond to Figs. 2A and 2B and are showing a case where large noise is
superimposed on the pulse wave signals. The amplitude of the noise is almost the same as the amplitude of the pulse
wave signal. Although the pulse wave can be still recognized in Fig. 4A, and the peak corresponding to the pulse wave
can be recognized in Fig. 4B, in a case where a plurality of peaks having similar amplitudes, it is difficult to identify the
peak corresponding to the pulse wave.

[0083] Insuch acase, a well-known signal separation method may be applied before the FFT processing is performed.
As shown in Fig. 4C, the pulse wave signal and the noise can clearly be separated from each other. After the FFT
processing is performed with respect to the thus separated signals, the frequency of the pulse wave can clearly be
determined in the spectra as shown in Fig. 4D.

[0084] The attenuation ratio @ of the arterial blood can be determined as well as the first or second embodiment as
shown in Fig. 4E.

[0085] Figs. 5A to 5E respectively correspond to Figs. 4A to 4E and are showing a case where extreme large noise
is superimposed on the pulse wave signals. The amplitude of the noise is about ten times the amplitude of the pulse
wave signal. As shown in Figs. 5A and 5B, it is impossible to recognize pulse wave components from the measured
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waveforms and the amplitude spectra. During such a vigorous body movement, arterial blood is often moved due to the
body movement. Thus, even if the signal separation method is applied, the obtained waveform of the signal shown in
Fig. 5C entirely differs from the pulse wave.

[0086] Therefore, even when the movement of an arterial blood component corresponding to the signal can be sep-
arated from the movement of a venous blood component corresponding to the noise, the frequency of each of the pulse
waves cannot be identified according to the waveforms shown in Fig. 5C and the those obtained after the FFT processing,
which are shown in Fig. 5D.

[0087] In acase where the amplitude corresponding to the noise is larger than the amplitude of the pulse wave signal,
it is difficult to calculate a pulse rate and an oxygen saturation by employing a frequency, at which the amplitude of the
spectrum is maximum, as the fundamental frequency of the pulse wave. However, according to the method as explained
in the second and third embodiments, the frequency of a pulse wave can be determined by searching a frequency, at
which the attenuation ratio is minimum, as shown in Fig. 5E. The attenuation ratio at the determined frequency can be
obtained as the oxygen saturation in arterial blood.

[0088] Inacase where no noise is superimposed on the pulse wave, a maximum amplitude appears at the fundamental
frequency of the pulse wave, and higher harmonic waves appear at frequencies which are twice and three times the
fundamental frequency as shownin Fig. 2B. In a case where a large noise is superimposed on the pulse wave, frequencies,
at each of which a peak amplitude is present, is not distributed in a narrow band, but is distributed in a wide band as
shown in Fig. 5B. In a case where the amplitudes corresponding to noise are distributed in a narrow band, as shown in
Fig. 3B, a peak appears at a frequency that differs from the fundamental frequency and from the frequencies of the
higher harmonic waves.

[0089] In view of the above, the pulse oximeter may comprise a selector operable to select a frequency, at which the
attenuation ratio is minimum, as a frequency representing an oxygen saturation in arterial blood, in a case where the
frequency corresponding to the second-highest peak obtained by FFT is not twice the fundamental frequency that is the
highest peak, or where the half-value width of the first peak obtained by FFT is neither equal to nor less than a prescribed
value.

[0090] Fig. 6 shows an example in which a pulse wave, the SpO2 of which cannot be calculated by the conventional
method because of the large noise, is divided into 8 frequency bands such that each of the bands has a band width of
1 Hz and center frequencies are ranged from 1.0Hz to 4.5Hz at a fixed interval of 0.5Hz, and SpO, is calculated for each
of the divided bands. Itis apparent that different values of SpO, corresponding to different attenuation ratios are obtained
by the above measurement. Since arterial blood exhibits a higher oxygen saturation than venous blood, the SpO, of the
band, which exhibits a highest value of the oxygen saturation, can be regarded as the oxygen saturation of arterial blood.
Further, a representative frequency (e.g., a center frequency) of the frequency band including the highest value in the
oxygen saturation can be regarded as the frequency of the pulse wave.

[0091] In the conventional method, the pulse wave signal and the noise are separated on the basis of the attenuation
ratio. That is, in order to separate a pulse wave signal and noise at an analysis section of interest, it is necessary to
input an attenuation ratio which is obtained in a previous section (i.e., data in the past is necessary). On the other hand,
according to the method of the invention, since it is not necessary to refer data in the past, processing speed can be
enhanced.

[0092] Although the presentinvention has been shown and described with reference to specific embodiments, various
changes and modifications will be apparent to those skilled in the art from the teachings herein. Such changes and
modifications as are obvious are deemed to come within the spirit, scope and contemplation of the invention as defined
in the appended claims.

[0093] For example, in the above embodiments, the pulse wave is separated into a plurality of frequencies by the
FFT. However, a plurality of bandpass filters, whose central frequencies differ from one another, may be used for
separating the pulse wave into a plurality of frequencies.

[0094] The oxygen saturation measuring apparatus and method of the invention described in the appended claims 1
to 12 can realize a signal processing method enabled to alleviate a burden of calculation for extracting a common signal
component by processing two signals of the same kind, which are substantially simultaneously extracted from a same
medium. Also, the concentration of an object material can be measured with good accuracy by applying the signal
processing method even when a noise due to the body movement of the medium is generated in a pulse wave signal.
Also, even when a noise due to the body movement is generated in a pulse wave data signal, a pulse rate can be
obtained with good precision by removing a noise from a pulse wave signal.

Claims

1. An apparatus for measuring an oxygen saturation in blood, comprising:
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a plurality of light emitters (1a,1b), adapted to irradiate a living tissue (12) with a plurality of light beams having
different wavelengths;

a light receiver (8), adapted to receive the light beams reflected from or transmitted through the living tissue to
generate pulse wave signals in accordance with pulsations of the blood in the living tissue; and

a separator (4), configured to separate each of the pulse wave signals into a plurality of amplitude signals each
of which is associated with one frequency (f), thereby generating pairs of amplitude signals (R_FFT(f), IR_FFT
(f)) each of which is associated with one of a plurality of frequencies,

characterized in that

the apparatus further comprises:

a first processor (4), configured to calculate a ratio (®(f)) between the amplitude signals in each of the pairs
of the amplitude signals (R_FFT(f), IR_FFT(f));

a selector (4), configured to select one of the pairs of the amplitude signals (R_FFT(f), IR_FFT(f)); and

a second processor (4), configured to calculate the oxygen saturation based on the ratio (®)(f)) of the
selected one of the pairs of the amplitude signals (R_FFT(f), IR_FFT(f)).

2. The apparatus as set forth in claim 1, wherein:

the separator comprises either an FFT processor or a digital filter.

3. The apparatus as set forth in claim 1, wherein:

the selector is configured to select such a pair of the amplitude signals that have maximum amplitude values.

4. The apparatus as set forth in claim 1, wherein:

the selector is configured to select such a pair of the amplitude signals that the ratio takes a minimum value.
5. The apparatus as set forth in claim 4, wherein:
the first processor comprises:

a first calculator, configured to define a plurality of frequency bands each of which includes a plurality of
amplitude signals obtained from each of the pulse wave signals, and configured to calculate an average
value of the amplitude signals in each of the frequency bands, thereby generating pairs of average values
each of which is associated with one of the frequency bands; and

a second calculator, configured to calculate an average ratio between the average values in each of the
pairs of the average values; and

the selector is configured to select such a frequency band that the average ratio takes a minimum value.

6. The apparatus as set forth in claim 4, wherein:
the first processor comprises:
a first calculator, configured to:

define a plurality of frequency bands each of which includes a plurality of amplitude signals obtained
from each of the pulse wave signals;

judge whether there is a maximal point of the amplitude signals in each of the frequency bands; and
calculate an average value of the amplitude signals in at least one of the frequency bands which is
judged as one including the maximal point, thereby at least one pair of average values each of which
is associated with one of the frequency bands; and

a second calculator, configured to calculate an average ratio between the average values in each of
the at least one pair of the average values; and

the selector is configured to select such a frequency band that the average ratio takes a minimum value.

7. The apparatus as set forth in claim 4, wherein:
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the first processor comprises:
a first calculator, configured to calculate ratios each of which is a ratio between each of the pairs of the
amplitude signals; and
a second calculator, configured to define a plurality of frequency bands each of which includes a plurality
of amplitude signals obtained from each of the pulse wave signals, and configured to calculate an average
value of the ratios in each of the frequency bands, thereby generating a plurality of average values; and
the selector is configured to select such a frequency band that the average value takes a minimum value.
The apparatus as set forth in any of claims 5 to 7, wherein:
a part of one of the frequency bands is overlapped with a part of another one of the frequency bands.
The apparatus as set forth in claim 1, wherein:
the selector is configured to select either such a pair of the amplitude signals that have maximum amplitude
values or such a pair of the amplitude signals that the ratio takes a minimum value in accordance with a prescribed
condition.
The apparatus as set forth in claim 9, wherein:

the prescribed condition includes a waveform of the amplitude signals.

The apparatus as set forth in claim 1, wherein
the light beams include a red light beam and an infrared light beam.

A method for measuring an oxygen saturation in blood, comprising:
irradiating a living tissue with a plurality of light beams having different wavelengths;
receiving the light beams reflected from or transmitted through the living tissue to generate pulse wave signals
in accordance with pulsations of the blood in the living tissue; and
separating each of the pulse wave signals into a plurality of amplitude signals each of which is associated with
one frequency, thereby generating pairs of amplitude signals each of which is associated with one of a plurality
of frequencies,
characterized in that
the method further comprises:
calculating a ratio between the amplitude signals in each of the pairs of the amplitude signals;
selecting one of the pairs of the amplitude signals; and
calculating the oxygen saturation based on the ratio of the selected one of the pairs of the amplitude signals.
The method as set forth in claim 12, wherein:
the separating is performed with either an FFT processing or a digital filtering.

The method as set forth in claim 12, wherein:

such a pair of the amplitude signals that have maximum amplitude values is selected as the one of the pairs of
the amplitude signals.

The method as set forth in claim 12, wherein:

such a pair of the amplitude signals that the ratio takes a minimum value is selected as the one of the pairs of
the amplitude signals.

The method as set forth in claim 15, further comprising:

defining a plurality of frequency bands each of which Includes a plurality of amplitude signals obtained from
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each of the pulse wave signals;

calculating an average value of the amplitude signals in each of the frequency bands, thereby generating pairs
of average values each of which is associated with one of the frequency bands;

calculating an average ratio between the average values in each of the pairs of the average values; and
selecting such a frequency band that the average ratio takes a minimum value.

17. The method as set forth in claim 15, further comprising:

defining a plurality of frequency bands each of which includes a plurality of amplitude signals obtained from
each of the pulse wave signals;

judging whether there is a maximal point of the amplitude signals in each of the frequency bands;

calculating an average value of the amplitude signals in at least one of the frequency bands which is judged as
one including the maximal point, thereby at least one pair of average values each of which is associated with
one of the frequency bands;

calculating an average ratio between the average values in each of the atleast one pair of the average values; and
selecting such a frequency band that the average ratio takes a minimum value.

18. The method as set forth in claim 15, further comprising:

calculating ratios each of which is a ratio between each of the pairs of the amplitude signals;

defining a plurality of frequency bands each of which includes a plurality of amplitude signals obtained from
each of the pulse wave signals;

calculating an average value of the ratios in each of the frequency bands, thereby generating a plurality of
average values; and

selecting such a frequency band that the average value takes a minimum value.

19. The method as set forth in any of claims 16 to 18, wherein:

a part of one of the frequency bands is overlapped with a part of another one of the frequency bands.

20. The method as set forth in claim 12, wherein:

either such a pair of the amplitude signals that have maximum amplitude values or such a pair of the amplitude
signals that the ratio takes a minimum value is selected as the one of the pairs of the amplitude signals in
accordance with a prescribed condition.

21. The method as set forth in claim 20, wherein:

the prescribed condition includes a waveform of the amplitude signals.

Patentanspriiche

1.

Vorrichtung zum Messen einer Sauerstoffsattigung in Blut, die umfasst:

eine Vielzahl von Lichtemissionseinrichtungen (1a, 1b), die so eingerichtet sind, dass sie ein lebendes Gewebe
(12) mit einer Vielzahl von Lichtstrahlen bestrahlen, die unterschiedliche Wellenldngen haben;

eine Lichtempfangseinrichtung (8), die so eingerichtet ist, dass sie die Lichtstrahlen empféangt, die von dem
lebenden Gewebe reflektiert oder durchgelassen werden, um Impulswellensignale entsprechend Pulsationen
des Blutes in dem lebenden Gewebe zu erzeugen; und

ein Trennelement (4), das so konfiguriert ist, dass es jedes der Impulswellensignale in eine Vielzahl von Am-
plitudensignalen trennt, von denen jedes mit einer Frequenz (f) zusammenhéngt, um so Paare von Amplitu-
densignalen (R_FFT(f), IR_FFT(f)) zu erzeugen, von denen jedes mit einer einer Vielzahl von Frequenzen
zusammenhangt,

dadurch gekennzeichnet, dass

die Vorrichtung des Weiteren umfasst:

einen ersten Prozessor (4), der so konfiguriert ist, dass er ein Verhaltnis (®(f)) zwischen den Amplituden-
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signalen in jedem der Paare der Amplitudensignale (R_FFT(f), IR_FFT(f)) berechnet;

eine Auswabhleinrichtung (4), die so konfiguriert ist, dass sie eines der Paare der Amplitudensignale (R_
FFT(f)) auswahlt; und

eine zweite Verarbeitungseinrichtung (4), die so konfiguriert ist, dass sie die Sauerstoffsattigung auf Basis
des Verhaltnisses (®(f)) des ausgewahlten einen der Paare der Amplitudensignale (R_FFT(f). IR_FFT(f))
berechnet.

2. Vorrichtung nach Anspruch 1, wobei

die Trenneinrichtung entweder eine FFT-Verarbeitungseinrichtung oder ein digitales Filter umfasst.
3. Vorrichtung nach Anspruch 1, wobei:

die Auswahleinrichtung so konfiguriert ist, dass sie ein Paar der Amplitudensignale auswahlt, die maximale
Amplitudenwerte aufweisen.

4. Vorrichtung nach Anspruch 1, wobei:

die Auswahleinrichtung so konfiguriert ist, dass sie ein Paar der Amplitudensignale auswahlt, bei dem das
Verhaltnis einen Minimalwert annimmt.

5. Vorrichtung nach Anspruch 4, wobei:
die erste Verarbeitungseinrichtung umfasst:

eine erste Recheneinrichtung, die so konfiguriert ist, dass sie eine Vielzahl von Frequenzbandern definiert,
von denen jedes eine Vielzahl von Amplitudensignalen enthélt, die aus jedem der Impulswellensignale
gewonnen werden, und so konfiguriert ist, dass sie einen Durchschnittswert der Amplitudensignale in jedem
der Frequenzbander berechnet, um so Paare von Durchschnittswerten zu erzeugen, von denen jedes mit
einem der Frequenzbander zusammenhangt; und

eine zweite Recheneinrichtung, die so konfiguriert ist, dass sie ein Durchschnittsverhaltnis zwischen den
Durchschnittswerten in jedem der Paare der Durchschnittswerte berechnet; und

die Auswahleinrichtung so konfiguriert ist, dass sie ein Frequenzband auswahlt, bei dem das Durchschnitts-
verhaltnis einen Minimalwert annimmt.

6. Vorrichtung nach Anspruch 4, wobei:
die erste Verarbeitungseinrichtung umfasst:
eine erste Recheneinrichtung, die so konfiguriert ist, dass sie:

eine Vielzahl von Frequenzbandern definiert, von denen jedes eine Vielzahl von Amplitudensignalen
enthalt, die aus jedem der Impulswellensignale gewonnen werden;

feststellt, ob ein Maximalpunkt der Amplitudensignale in jedem der Frequenzbander vorhanden ist; und
einen Durchschnittswert der Amplitudensignale in wenigstens einem der Frequenzbander berechnet,
fur das festgestellt wird, dass es den Maximalpunkt enthalt, um so wenigstens

ein Paar von Durchschnittswerten zu erzeugen, von denen jedes mit einem der Frequenzbander zu-
sammenhangt; und

eine zweite Recheneinrichtung, die so konfiguriert ist, dass sie ein Durchschnittsverhaltnis zwischen
den Durchschnittswerten in jedem von dem wenigstens einen Paar der Durchschnittswerte berechnet;
und

die Auswabhleinrichtung so konfiguriert ist, dass sie ein Frequenzband auswahlt, bei dem das Durch-
schnittsverhaltnis einen Minimalwert annimmt.

7. Vorrichtung nach Anspruch 4, wobei:
die erste Verarbeitungseinrichtung umfasst:

eine erste Recheneinrichtung, die so konfiguriert ist, dass sie Verhéltnisse berechnet, von denen jedes ein
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Verhéltnis zwischen jedem der Paare der Amplitudensignale ist; und

eine zweite Recheneinrichtung, die so konfiguriert ist, dass sie eine Vielzahl von Frequenzbandern definiert,
von denen jedes eine Vielzahl von Amplitudensignalen enthélt, die aus jedem der Impulswellensignale
gewonnen werden, und so konfiguriert ist, dass sie einen Durchschnittswert der Verhaltnisse in jedem der
Frequenzbander berechnet, um so eine Vielzahl von Durchschnittswerten zu erzeugen; und

die Auswabhleinrichtung so konfiguriert ist, dass sie ein Frequenzband auswahlt, bei dem der Durchschnitts-
wert einen Minimalwert annimmt.

8. Vorrichtung nach einem der Anspriiche 5 bis 7, wobei:
ein Teil eines der Frequenzbander einen Teil eines anderen der Frequenzbander Uberlappt.
9. Vorrichtung nach Anspruch 1, wobei:
die Auswahleinrichtung so konfiguriert ist, dass sie gemaR einer vorgeschriebenen Bedingung entweder ein
Paar der Amplitudensignale auswahlt, die maximale Amplitudenwerte haben, oder ein Paar der Amplitudensi-
gnale, bei dem das Verhaltnis einen Minimalwert annimmt.
10. Vorrichtung nach Anspruch 9, wobei:
die vorgeschriebene Bedingung eine Wellenform der Amplitudensignale einschlief3t.
11. Vorrichtung nach Anspruch 1, wobei:
die Lichtstrahlen einen roten Lichtstrahl und einen Infrarot-Lichtstrahl einschlieRen.
12. Verfahren zum Messen einer Sauerstoffsattigung in Blut, das umfasst:
Bestrahlen eines lebenden Gewebes mit einer Vielzahl von Lichtstrahlen, die unterschiedliche Wellenlangen
haben;
Empfangen der von dem lebenden Gewebe reflektierten oder durchgelassenen Lichtstrahlen, um Impulswel-
lensignale entsprechend Pulsationen des Blutes in dem lebenden Gewebe zu erzeugen; und
Trennen jedes der Impulswellensignale in eine Vielzahl von Amplitudensignalen, von denen jedes mit einer
Frequenz zusammenhéngt, um so Paare von Amplitudensignalen zu erzeugen, von denen jedes mit einer der
Vielzahl von Frequenzen zusammenhangt,
dadurch gekennzeichnet, dass
das Verfahren des Weiteren umfasst:
Berechnen eines Verhéltnisses zwischen den Amplitudensignalen in jedem der Paare der Amplitudensi-
gnale;
Auswahlen eines der Paare der Amplitudensignale; und
Berechnen der Sauerstoffsattigung auf Basis des Verhéltnisses des ausgewahlten einen der Paare der
Amplitudensignale.
13. Verfahren nach Anspruch 12, wobei:
das Trennen entweder mit einer FFT-Verarbeitung oder einem digitalen Filtern durchgefihrt wird.

14. Verfahren nach Anspruch 12, wobei:

ein Paar der Amplitudensignale, die maximale Amplitudenwerte haben, als das eine der Paare der Amplituden-
signale ausgewahlt wird.

15. Verfahren nach Anspruch 12, wobei:

ein Paar der Amplitudensignale, bei denen das Verhéltnis einen Minimalwert hat, als das eine der Paare der
Amplitudensignale ausgewahlt wird.

14



10

15

20

25

30

35

40

45

50

55

EP 1 757 224 B1
16. Verfahren nach Anspruch 15, das des Weiteren umfasst:

Definieren eine Vielzahl von Frequenzbandern, von denen jedes eine Vielzahl von Amplitudensignalen enthalt,
die aus jedem der Impulswellensignale gewonnen werden;

Berechnen eines Durchschnittswertes der Amplitudensignale in jedem der Frequenzbander, um so Paare von
Durchschnittswerten zu erzeugen, von denen jedes mit einem der Frequenzbander zusammenhangt;
Berechnen eines Durchschnittsverhaltnisses zwischen den Durchschnittswerten in jedem der Paare der Durch-
schnittswerte; und

Auswahlen eines Frequenzbandes, bei dem das Durchschnittsverhaltnis einen Minimalwert annimmt.

17. Verfahren nach Anspruch 15, das des Weiteren umfasst:

Definieren einer Vielzahl von Frequenzbandern, von denen jedes eine Vielzahl von Amplitudensignalen enthalt,
die aus jedem der Impulswellensignale gewonnen werden;

Feststellen, ob ein Maximalpunkt der Amplitudensignale in jedem der Frequenzbander vorhanden ist;
Berechnen eines Durchschnittswertes der Amplitudensignale in wenigstens einem der Frequenzbander, fir
das festgestellt wird, dass es den Maximalpunkt enthélt, um so wenigstens ein Paar von Durchschnittswerten
zu erzeugen, von denen jedes mit einem der Frequenzbander zusammenhangt;

Berechnen eines Durchschnittsverhéltnisses zwischen den Durchschnittswerten in jedem von dem wenigstens
einen Paar der Durchschnittswerte; und

Auswahlen eines Frequenzbandes, bei dem das Durchschnittsverhaltnis einen Minimalwert annimmt.

18. Verfahren nach Anspruch 15, das des Weiteren umfasst:

Berechnen von Verhaltnissen, von denen jedes ein Verhaltnis zwischen jedem der Paare der Amplitudensignale
ist;

Definieren einer Vielzahl von Frequenzbandern, von denen jedes eine Vielzahl von Amplitudensignalen enthalt,
die aus jedem der Impulswellensignale gewonnen werden;

Berechnen eines Durchschnittswertes der Verhéltnisse in jedem der Frequenzbander, um so eine Vielzahl von
Durchschnittswerten zu erzeugen; und

Auswahlen eines Frequenzbandes, bei dem der Durchschnittswert einen Minimalwert annimmt.

19. Verfahren nach einem der Anspriiche 16 bis 18, wobei:
ein Teil eines der Frequenzbander einen Teil eines anderen der Frequenzbander Uberlappt.

20. Verfahren nach Anspruch 12, wobei:
gemaR einer vorgeschriebenen Bedingung entweder ein Paar der Amplitudensignale, die maximale Amplitu-
denwerte haben, oder ein Paar der Amplitudensignale, bei dem das Verhaltnis einen Minimalwert annimmt, als
das eine der Paare der Amplitudensignale ausgewahlt wird.

21. Verfahren nach Anspruch 20, wobei:

die vorgeschriebene Bedingung eine Wellenform der Amplitudensignale einschlief3t.

Revendications
1. Appareil pour mesurer une saturation d’oxygene dans le sang, comportant :

une pluralité d’émetteurs lumineux (1a, 1b), adaptés pour irradier un tissu vivant (12) grace a une pluralité de
faisceaux lumineux possédant différentes longueurs d’onde ;

un récepteur de lumiére (8), adapté pour recevoir les faisceaux lumineux réfléchis de ou transmis a travers le
tissu vivant pour générer des signaux d’ondes d’impulsion conformément aux pulsations du sang dans le tissu
vivant ;

et

un séparateur (4), configuré pour séparer chacun des signaux d’ondes d’'impulsion en une pluralité de signaux
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d’amplitude, dont chacun est associé a une fréquence (f), générant ainsi des paires de signaux d’amplitude
(R_FFT(f), IR_FFT(f)) dont chacun est associé a I'une d’'une pluralité de fréquences,

caractérisé en ce que

I'appareil comporte en outre :

un premier processeur (4), configuré pour calculer un rapport (©(f)) entre les signaux d’amplitude dans
chacune des paires de signaux d’amplitude (R_FFT(f), IR_FFT(f)) ;

un sélecteur (4), configuré pour sélectionner I'une des paires de signaux d’amplitude (R_FFT(f), IR_FFT
(f) ; et

un second processeur (4), configuré pour calculer la saturation en oxygeéne en fonction du rapport (®(f))
de I'une sélectionnée des paires de signaux d’amplitude (R_FFT(f), IR_FFT(f)).

2. Appareil selon la revendication 1, dans lequel :

le séparateur comporte soit un processeur FFT soit un filtre numérique.

3. Appareil selon la revendication 1, dans lequel :

le sélecteur est configuré pour sélectionner une paire de signaux d’amplitude de sorte qu’ils ont des valeurs
d’amplitude maximum.

4. Appareil selon la revendication 1, dans lequel :

le sélecteur est configuré pour sélectionner une paire de signaux d’amplitude de sorte que le rapport prend une
valeur minimum.

5. Appareil selon la revendication 4, dans lequel :
le premier processeur comporte :

un premier calculateur, configuré pour définir une pluralité de bandes de fréquence dont chacune comprend
une pluralité de signaux d’amplitude obtenus a partir de chacun des signaux d’ondes d’impulsion, et con-
figuré pour calculer une valeur moyenne des signaux d’amplitude dans chacune des bandes de fréquence,
générantainsi des paires de valeurs moyennes dont chacune est associée al'une des bandes de fréquence ;
et

un second calculateur, configuré pour calculer un rapport moyen entre les valeurs moyennes dans chacune
des paires de valeurs moyennes ; et

le sélecteur est configuré pour sélectionner une bande de fréquence de sorte que le rapport moyen prend
une valeur minimum.

6. Appareil selon la revendication 4, dans lequel :
le premier processeur comporte :
un premier calculateur, configuré pour :

définir une pluralité de bandes de fréquence dont chacune comprend une pluralité de signaux d’am-
plitude obtenus a partir de chacun des signaux d’'onde d’impulsion ;

estimer s’il existe un point maximum des signaux d’amplitude dans chacune des bandes de fréquence ;
et

calculer une valeur moyenne des signaux d’amplitude dans au moins I'une des bandes de fréquence
qui est estimée comme étant celle comprenant le point maximum, ainsi au moins une paire des valeurs
moyennes dont chacune est associée a I'une des bandes de fréquence ; et un second calculateur,
configuré pour calculer un rapport moyen entre les valeurs moyennes dans chacune de la au moins
une paire de valeurs moyennes ; et

le sélecteur est configuré pour sélectionner une bande de fréquence telle que le rapport moyen prend
une valeur minimum.
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Appareil dans la revendication 4, dans lequel :
le premier processeur comporte :

un premier calculateur, configuré pour calculer des rapports dont chacun est un rapport entre chacune des
paires de signaux d’amplitude ; et

un second calculateur, configuré pour définir une pluralité de bandes de fréquence dont chacune comprend
une pluralité de signaux d’amplitude obtenus a partir de chacun des signaux d’ondes d’impulsion, et con-
figuré pour calculer une valeur moyenne des rapports dans chacune des bandes de fréquence, générant
ainsi une pluralité de valeurs moyenne; et

le sélecteur est configuré pour sélectionner une bande de fréquence telle que la valeur moyenne prend
une valeur minimum.

Appareil selon I'une quelconque des revendications 5 a 7, dans lequel :
une partie de 'une des bandes de fréquence est chevauchée par une partie d’'une autre des bandes de fréquence.
Appareil selon la revendication 1, dans lequel :

le sélecteur est configuré pour sélectionner soit une paire de signaux d’amplitude de sorte qu’ils ont des valeurs
d’amplitude maximum soit une paire de signaux d’amplitude de sorte que le rapport prend une valeur minimum
conformément a une condition prescrite.

Appareil selon la revendication 9, dans lequel :
la condition prescrite comprend une forme d’'onde des signaux d’amplitude.

Appareil selon la revendication 1, dans lequel les faisceaux lumineux comprennent un faisceau de lumiére rouge
et un faisceau de lumiére infrarouge.

Procédé pour mesurer la saturation en oxygéne dans le sang, comportant :

lirradiation d’un tissu vivant par une pluralité de faisceaux lumineux possédant différentes longueurs d’onde;

la réception des faisceaux lumineux réfléchis de ou transmis a travers le tissu vivant pour générer des signaux
d’'onde d’'impulsion conformément aux pulsations du sang dans le tissu vivant ; et

la séparation de chacun des signaux d’onde d’impulsion en une pluralité de signaux d’amplitude dont chacun
est associé a une fréquence, générant ainsi des paires de signaux d’amplitude dont chacun est associé a 'une
d’une pluralité de fréquences,

caractérisé en ce que

le procédé comporte en outre :

le calcul d’'un rapport entre les signaux d’amplitude dans chacune de la paire de signaux d’amplitude;

la sélection d’'une des paires des signaux d’amplitude ; et

le calcul de la saturation d’oxygéne en fonction du rapport de I'une sélectionnée des paires de signaux
d’amplitude.

13. Procédé selon la revendication 12, dans lequel :

la séparation est effectuée par soit un traitement FFT soit un filtrage numérique.

14. Procédé selon la revendication 12, dans lequel :

une paire de signaux d’amplitude tels qu’ils ont des valeurs d’amplitude maximum est sélectionné en tant que
'une des paires de signaux d’amplitude.

15. Procédé selon la revendication 12, dans lequel :

une paire de signaux d’amplitude de sorte que le rapport prend une valeur minimum est sélectionnée en tant
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que l'une des paires de signaux d’amplitude.

16. Procédé selon la revendication 15, comportant en outre :

la définition d’'une pluralité de bandes de fréquence dont chacune comporte une pluralité de signaux d’amplitude
obtenus a partir de chacun des signaux d’'onde d’'impulsion ;

le calcul d’une valeur moyenne des signaux d’amplitude dans chacune des bandes de fréquence, générant
ainsi des paires de valeurs moyennes dont chacune est associée avec I'une des bandes de fréquence ;

le calcul d’'un rapport moyen entre les valeurs moyennes dans chacune des paires de valeurs moyennes ; et

la sélection d’'une bande de fréquence de sorte que le rapport moyen prend une valeur minimum.

17. Procédé selon la revendication 15, comportant en outre :

la définition d’'une pluralité de bandes de fréquence dont chacune comprend une pluralité de signaux d’amplitude
obtenus a partir de chacun des signaux d’ondes d’impulsion ;

I'estimation s'il existe un point maximum des signaux d’amplitude dans chacune des bandes de fréquence ;
le calcul d’une valeur moyenne des signaux d’amplitude dans au moins I'une des bandes de fréquence qui est
estimé comme étant celle comprenant le point maximum, ainsi au moins une paire de valeurs moyennes dont
chacune est associée a I'une des bandes de fréquence ;

le calcul d’'un rapport moyen entre les valeurs moyennes dans chacune de la au moins une paire de valeurs
moyennes ; et

la sélection d’'une bande de fréquence de sorte que le rapport moyen prend une valeur minimum.

18. Procédé selon la revendication 15, comportant en outre :

le calcul de rapports dont chacun est un rapport entre chacune des paires de signaux d’amplitude ;

la définition d’'une pluralité de bandes de fréquence dont chacune comprend une pluralité de signaux d’amplitude
obtenus a partir de chacun des signaux d’ondes d’impulsion ;

le calcul d’'une valeur moyenne des rapports dans chacune des bandes de fréquence, générant ainsi une
pluralité de valeurs moyennes ; et

la sélection d’'une bande de fréquence de sorte que la valeur moyenne prend une valeur minimum.

19. Procédé selon I'une quelconque des revendications 16 a 18, dans lequel :

une partie de 'une des bandes de fréquence est chevauchée par une partie d’'une autre des bandes de fréquence.

20. Procéde selon la revendication 12, dans lequel :

soit une paire des signaux d’amplitude de sorte qu'ils ont des valeurs d’amplitude maximum soit une paire de
sighaux d’amplitude de sorte que le rapport prend une valeur minimum est sélectionnée en tant que I'une des
paires de signaux d’amplitude conformément a une condition prescrite.

21. Procédé selon la revendication 20, dans lequel :

la condition prescrite comprend une forme d’onde des signaux d’amplitude.
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