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SIGNAL PROCESSING METHOD, AND PULSE
PHOTOMETER USING THE METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a signal processing
method for extracting a biological signal component by
processing two types of signals that have been extracted
from a single medium substantially at the same time, and
more particularly, to an improvement in signal processing in
a pulse photometer used in. the medical field, especially in
diagnosis of a circulatory organ.

[0002] Various methods have already been proposed for
separating a signal component and a noise component from
two signals that have been extracted from a single medium
substantially at the same time.

[0003] The methods are usually implemented through
frequency domain processing and time domain processing.

[0004] Known pulse photometers used in the medical field
include an apparatus called a photoplethysmograph, which
measures a pulse waveform and a pulse rate; an oxygen
saturation SpO, measurement apparatus for measuring the
concentration of a light-absorbing material included in the
blood, an apparatus for measuring the concentration of
abnormal hemoglobin, such as carboxyhemoglobin (COHb)
or methemoglobin (MetHb); and an apparatus for measuring
the concentration of injected dye.

[0005] The apparatus for measuring oxygen saturation
SpO, is particularly called a pulse oximeter.

[0006] The principle of the pulse photometer is to deter-
mine the concentration of a material of interest from a pulse
wave data signal, wherein the data signal is obtained by
causing light rays, which exhibit different light absorbances
against the material of interest and have a plurality of
wavelengths, to transmit through or reflect off a living tissue,
and by consecutively measuring the quantity of the trans-
mitted or the reflected light.

[0007] If noise is mixed into the pulse wave data, correct
computation of a concentration will not be carried out,
which may in turn cause erroneous treatment.

[0008] In the field of the pulse photometer, attention has
been paid to a signal component obtained by dividing a
frequency band in order to reduce noise to a lower level, and
a method for determining a correlation between two signals
has been proposed. However, the method presents a problem
of analysis that is very time consuming,.

[0009] To solve such problems, Japanese Patent No.
3270917 discloses a related-art method of determining oxy-
gen saturation in arterial blood or the concentration of a
light-absorbing material. Specifically, a living tissue is
exposed to light rays having two different wavelengths, and
two pulse wave signals are obtained from the resultant
transmitted light. A graph is formed by plotting the magni-
tudes of the pulse wave signals on the vertical and horizontal
axes, to thereby determine a regression line. The oxygen
saturation in arterial blood or the concentration of light-
absorbing material is determined from the slope of the
regression line.

[0010] According to this related-art the accuracy of mea-
surement is improved, and power consumption is reduced.

May 13, 2004

However, much computing operation is required to deter-
mine a regression line and the slope thereof through use of
numerous sampled data sets pertaining to pulse wave signals
of the two wavelengths.

[0011] Further, Japanese Patent Publication No. 2003-
135434A discloses a related-art method of filtering a pulse
wave signal through use of frequency analysis, wherein a
pulse wave signal is not extracted during the analysis, but a
fundamental frequency of a pulse wave signal is determined,
and the pulse wave signal is then filtered through use of a
filter using a harmonic wave frequency, in order to enhance
precision to a much greater extent However, further
improvement in determination of a fundamental frequency is
desired.

SUMMARY OF THE INVENTION

[0012] Tt is therefore an object of the invention to provide
a signal processing method which alleviates a computing
burden required to process two types of signals (e.g., pulse
wave signals) extracted substantially simultaneously from a
single medium (e.g., living body) to thus extract a common
signal component.

[0013] Tt is also an object of the invention to provide a
signal processing method to determine the concentration of
a material of interest even if noise due to body motion is
superposed on the pulse wave signal.

[0014] Tt is also an object of the invention to provide a
signal processing method in which noise is reduced from the
pulse wave signal, thereby accurately determining a pulse
rate even when noise due to motion of the living body has
superposed on the pulse wave data signal.

[0015] In order to achieve the above objects, according to
the invention, there is provided a method of processing
observed data, comprising steps of:

[0016] receiving a first signal coming from a medium
for a predetermined time period as a first data set,

[0017] receiving a second signal coming from the
medium for the predetermined time period as a
second data set;

[0018] plotting the first data set and the second data
set on a two-dimensional orthogonal coordinate sys-
tem; and

[0019] rotating the first data set and the second data
set plotted on the coordinate system by a rotating
matrix to separate a signal component and a noise
comporent contained in the observed data.

[0020] Preferably, the method further comprises a step of
subjecting the signal component to a frequency analysis to
determine a fundamental frequency of the signal component.

[0021] According to the invention, there is also provided
a signal processor, in which the above signal processing
method is executed.

[0022] In the above configurations, it is enabled signal
processing which alleviates a computing burden required for
processing two types of signals obtained substantially simul-
taneously from a single medium to thus extract a common
signal component.
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[0023] According to the invention, there is also provided
a pulse photometer adapted to observe a pulse wave of a
living body, comprising

[0024] a light emitter, adapted to irradiate the living
body with a first light beam having a first wavelength
and a second light beam having a second wavelength
which is different from the first wavelength;

[0025] a converter, operable to convert the first light
beam and the second light beam, which hav been
reflected or transmitted from the living body, into a
first data set corresponding to the first wavelength
and a second data set corresponding to the second
wavelength; and

[0026] a processor, operable to process the first data
set and the second data set with a rotating matrix to
separate a signal component and a noise component
contained in the pulse wave.

[0027] Preferably, the processor is operable to plot the first
data set and the second data set on a two-dimensional
orthogonal coordinate system constituted by a first axis
corresponding to the first data set and a second axis corre-
sponding to the second data set. Here, the first data set and
the second data set plotted on the coordinate system are to
be rotated by the rotating matrix.

[0028] Tt is further preferable that a rotating angle of the
rotating matrix is determined such that a distribution range
of the first data set and the second data set which are
projected on one of the first axis and the second axis is
minimized.

[0029] Preferably, the first data set and the second data set
are obtained for a predetermined time period consecutively.

[0030] Preferably, the processor is operable to: subject the
signal component to a frequency analysis to determine at
least one of a fundamental frequency of the pulse wave and
a pulse rate of the living body; and obtain a concentration of
at least one light-absorbing material in blood of the living
body, based on at least one of the fundamental frequency and
the pulse rate.

[0031] Here, it is preferable that the concentration of the
light-absorbing material is at least one of an oxygen satu-
ration in arterial blood, a conc ntration of abnormal hemo-
globin in arterial blood, and a concentration of injected dye
in arterial blood.

[0032] According to the invention, there is also provided
a pulse photometer, comprising:

[0033] a light emitter, adapted to irradiate a living
body with a first light beam having a first wavelength
and a second light beam having a second wavelength
which is different from the first wavelength;

[0034] a converter, operable to convert the first light
beam and the second light beam, which have been
reflected or transmitted from the living body, into a
first data set corresponding to the first wavelength
and a second data set corresponding to the second
wavelength; and

[0035] a processor, operable to: plot the first data set
and the second data set on a two-dimensional
orthogonal coordinate system corresponding to the
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first wavelength and the second wavelength; calcu-
late a first norm value for the first data set and a
second norm value for the second data set to obtain
a norm ratio of the first norm value and the second
norm value; and obtain a concentration of at least
one light-absorbing material in blood of the living
body, based on the norm ratio.

[0036] Here, it is preferable that the concentration of the
light-absorbing material is at least one of an oxygen satu-
ration in arterial blood, a concentration of abnormal hemo-
globin in arterial blood, and a concentration of injected dye
in arterial blood.

[0037] In the above configurations, it is enabled accurate
measurement of the concentration of a material of interest
even when noise stemming from motion of the living body
has superposed on a pulse wave signal.

[0038] Further, even when noise due to motion of the
living body has superposed a pulse wave signal, noise is
reduced therefrom, so that a stroke and the concentration of
a light-absorbing material are accurately determined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] 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:

[0040] FIG. 1 is a block diagram showing a schematic
configuration of pulse oximeter which executes a signal
processing method of the invention,

[0041] FIG. 2 is a graph showing processed data derived
from pulse wave signals observed for a predetermined time
period,

[0042] FIG. 3 is a graph showing detected pulse wave
data, in which the amplitude of a red light pulse wave signal
is plotted on a vertical axis and the amplitude of an infrared
light pulse wave signal is plotted on a horizontal axis;

[0043] FIG. 4 is a graph showing that the plotted data
shown in FIG. 3 are subjected to a rotating processing;

[0044] FIG. 5 is a view showing the waveform of a pulse
wave signal processed by a rotating matrix with a rotating
angle of 97/30 [rad];

[0045] FIGS. 6A and 6B show spectra of the pulse wave
signal before and after the rotating processing is performed;

[0046] FIG. 7 is a flowchart showing a processing flow
according to a first embodiment of the invention;

[0047] FIG. 8 is a flowchart showing a processing flow
according to a second embodiment of the invention;

[0048] FIGS. 9A and 9B are waveform diagrams for
describing the principle of measurement of variations in
absorbance of a light-absorbing material in blood,

[0049] FIG. 10 is a flowchart showing a processing flow
according to a third embodiment of the invention; and

[0050] FIG. 11 is a flowchart showing a processing flow
according to a fourth embodiment of the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0051] On the occasion of explanation of an embodiment
of the invention, the principle of the invention will be
described by taking, as an example, a pulse oximeter for
measuring oxygen saturation in arterial blood.

[0052] The technique of the invention is not limited to a
pulse oximeter, but can also be applied to a pulse photometer
which measures abnormal hemoglobin (carboxyhemoglo-
bin, methemoglobin, etc.) and light-absorbing materials in
blood, such as dye injected into blood, through use of the
principle of pulse photometry.

[0053] The configuration of a pulse oximeter which mea-
sures oxygen saturation in arterial blood is shown in FIG. 1.

[0054] Photo emitters 1, 2, which emit light rays of
different wavelengths, are activated by a light source driver
3 50 as to emit light alternately.

[0055] The light adopted for the photo emitters 1, 2 may
be embodied by an infrared light (having a wavelength of,
e.g., 940 nm) which is less influenced by oxygen saturation
in arterial blood, or a red ray (having a wav length of, e.g.,
660 nm) which exhibits high sensitivity against a change in
oxygen saturation in arterial blood.

[0056] The light emitted from the photo emitters 1, 2
passes through living tissue 4 and is received by a photo-
diode 5 and converted into an electric signal. The reflected
light from the living tissue may be used instead of the light
passing through living tissue.

[0057] The thus-converted signal is amplified by an ampli-
fier 6 and divided into corresponding filters 8-1, 8-2 assigned
to respective light wavelengths by a multiplexer 7.

[0058] The signals assigned to the filters are filtered
through the filters 8-1, 8-2, whereby noise components are
reduced and digitized by an A/D converter 9.

[0059] The digitized signal trains corresponding to the
infrared light and the red light form respective pulse wave
signals.

[0060] The digitized signal trains are input to a processor
10 and processed in accordance with a program stored in a
ROM 12. Oxygen saturation SpO, is measured, and a result
of measurement is displayed on a display 11.

[0061] First, measurement of variations in light absor-
bance (light attenuation) of a light-absorbing material in
blood will be described.

[0062] FIG. 9A shows pulse wave data obtained as a
result of red light emitted from the photo emitter 1 being
received by the photodiode 5 after having passed through the
living tissue 4 and the thus-received light being converted
into an electric signal. FIG. 9B shows pulse wave data
obtained as a result of infrared light emitted from the photo
emitter 2 being received by the photodiode 5 after having
passed through the living tissue 4 and the thus-received light
being converted into an electric signal.

[0063] On the assumption that in FIG. 9A the horizontal
axis represents time and the vertical axis represents an
output of received light, the output of received light pro-
duced by the photodiode 5 assumes a waveform pattern into
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which a DC (direct current) component (R') and a pulsation
component (AR'), both belonging to the red light, are super-
imposed one on the other.

[0064] On the assumption that in FIG. 9B the horizontal
axis represents time and the vertical axis represents an
output of received light, the output of received light pro-
duced by the photodiode 5 assumes a waveform pattern into
which a DC component (IR') and a pulsation component
(AIR"), both belonging to the infrared light, are superim-
posed one on the other.

[0065] FIG. 2 is a graph plotted by determining a ratio of
pulsation components (AR', AIR") to DC components (R,
IRY; that is, (IR=AIR'/IR"), in relation to pulse waves such as
those shown in FIGS. 9A and 9B, over a period of eight
seconds and aligning respective mean values of the obtained
amplitude data with zero, as shown in FIG. 2. This align-
ment operation may be omitted.

[0066] Next will be described arithmetic processing for
reducing noise in two pulse wave data signals of the two
wavelengths digitized by the A/D converter 9 through use of
a rotating matrix.

[0067] An infrared light and red light are illuminated
alternately. Hence, strictly speaking, they are not emitted
simultaneously. However, a value of a received infrared light
and a value of received red light, being chronologically
adjacent to each other, are taken as if they were obtained at
the same time. A pulse wave signal of the infrared light for
a predetermined time period and a pulse wave signal of the
red light for a predetermined time period are plotted on
two-dimensional orthogonal coordinates, as shown in FIG.
3

[0068] In FIG. 3, the horizontal axis indicates data per-
taining to infrared light IR shown in FIG. 9B and the vertical

axis indicates data pertaining to the red light R shown in
FIG. 9A.

[0069] A -ratio of pulsation components to DC components
of a pulse wave is determined, to thereby approximate
pulsation components of light absorbance attributable to
pulsation.

[0070] The plotted data in the graph shown in FIG. 3 are
not actually on a line angled by 45 degrees from the
respective axes. This is because a difference exists between
the amplitudes of pulsation components of the infrared lLight
pulse wave and the red light pulse wave, and because noise
is superimposed on the pulsation components.

[0071] The plotted pulse wave data are subjected to rota-
tional computation through use of a rotating matrix.

[0072] A data sequence pertaining to a ratio of pulsation
components to DC components of the infrared light pulse
wave; 1.e., IR, is expressed as follows.

IR={R(ti)ti=0,1,23, ... } A

[0073] A data sequence pertaining to a ratio of pulsation
components to DC components of the red light pulse wave;
ie., R, is expressed as follows

R={R(tiyti=0,123, ...} )
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[0074] Data pertaining to IR and R, both being obtained at
the same time ti, are defined by a matrix in the following
manner.

IR(1i) 3
( R ]

[0075] Provided that a rotating matrix for effecting rota-
tion by the rotating angle O[rad] is taken as A, A can be
expressed as follows.

[cos@ —sin@] @-1)
sinf cos @

[0076] The following X is obtained by rotating the pulse
wave data S by the rotating angle O[rad] by the rotating
matrix A.

X1(ti) cosf —sin@ \( IR(i) )
S o P iy
X2(ti) sinf cos® J\ R(r))
[0077] In addition to the rotating matrix A, another rotat-

ing matrix A' provided below may also be employed.

, _( cos f sinf 4-2)
A _(—sinO cos@]
[0078] Here, FIG. 4 shows a graph plotted by rotating the

pulse wave data S with the rotating angle 6 being rotated
from 0 to 97/30 [rad] in increments of /30 [rad].

[0079] As can be seen in FIG. 4, the pulse wave data S are
rotated around a point of zero for the horizontal and vertical
axes (i.e., a point where a mean value of the red light pulse
wave and a mean value of the infrared light pulse wave are
achieved). When 6 is 97t/30 [rad], the range in which the data
projected onto the horizontal axis (X1) are distributed is
minimized, and the range in which the data projected onto
the vertical axis (X2) are distributed is maximized.

[0080] When 8 is rotated from 97t/30 [rad] by further 7t/2
[rad] up to 24m/30 [rad](=12m/15 [rad]), the range in which
the data projected onto the horizontal axis (X1) are distrib-
uted is obviously maximized, and the range in which the
data projected onto the vertical axis (X2) are distributed is
obviously minimized.

[0081] There will now be described the kind of waveform
obtained as a result of the pulse waveform data S being
processed into X by the rotating matrix A achieved when 0
is rotated to 9n/30 [rad] and 24w/30 [rad].

[0082] FIG. 5 shows a waveform of X obtained by pro-
cessing the pulse wave data S shown in FIG. 2 through use
of the rotating matrix A with the rotating angle 0 being taken
as 9m/30 [rad].

[0083] X1(ti) at which the range projected on the horizon-
tal axis has been minimized is computed by the following
equation.

X1(#i)[8=91/30]=cos 8-IR(#i)-sin 0-R(t) (6)
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[0084] X2(ti) at which the range projected on the horizon-
tal axis has been maximized is computed by the following
equation.

X2(#)[0=9/30sin 0-IR(ti)+cos O-R(t) Q)

[0085] Noise is understood to be reduced from the wave
form of X1 shown in FIG. 5.

[0086] When the pulse wave data S are processed by the
rotating matrix A with 6 being taken as 24w/30 [rad], the
waveform of X2 becomes another waveform from which
noise has been reduced.

[0087] X1(ti) at which the range projected on the horizon-
tal axis is maximized is computed by the following equation.

X1(t)[6=24n/30]=cos 6-IR(#i)-sin OR(t) ®)

[0088] X2(ti) at which the range projected on the vertical
axis is minimized is computed by the following equation.

X2(t5) 6=24m/30]=sin 6-IR(d)+cos O-R(t) ©)

[0089] Thus, the rotating angle 0 is determined such that
the range in which the data projected on the horizontal axis
are distributed is minimized. Processing the pulse wave data
S with the thus determined rotating angle, there can be
obtained a principal component waveform of a pulse wave
whose noise is suppressed.

[0090] Next, computation of the fundamental frequency of
a pulse wave will be described.

[0091] FIG. 6A shows a spectrum of a pulse wave signal
from which noise has not been reduced (corresponding to
FIG. 2). FIG. 6B shows a spectrum of a principal compo-
nent waveform from which noise has been reduced by use of
the rotating matrix. These spectra are obtained by frequency
analysis. The horizontal axis represents a frequency, and the
vertical axis shows a spectrum.

[0092] In relation to a spectrum of a pulse wave signal
obtained before noise is reduced. Before the rotation, as
shown in FIG. 6A, a spectrum in a noise frequency range fn
appears intensively, whereas a spectrum in the fundamental
frequency fs of the pulse wave signal is substantially absent.

[0093] In relation to a spectrum obtained by frequency
analysis of a principal component waveform of pulse wave
whose noise has been reduced through use of the rotating
matrix. After the rotation, as shown in FIG. 6B, a spectrum
in the fundamental frequency fs of the pulse wave signal is
seen to intensively appear so as to be distinguishable from
a spectrum in the noise frequency band fn. The fundamental
frequency fs of the pulse wave signal can be determined.

[0094] If the fundamental frequency fs [HZ] of the pulse
wave signal is determined, a pulse rate (60 fs [times/min.])
can be readily determined.

[0095] As mentioned above, the principal component
waveform of pulse wave whose noise has been reduced can
be obtained through use of a rotating matrix of predeter-
mined angle. The fundamental frequency or pulse rate of the
pulse wave signal can be determined.

[0096] Here, the rotating angle may be determined before-
hand or changed adaptively during a period of measurement.

[0097] FIG. 3 is a graph formed when the red light pulse
wave data R are plotted on the vertical axis and the infrared
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light pulse wave data IR are plotted on the horizontal axis.
The gradient G of the graph is determined through use of a
norm ratio.

[0098] First, the L2 norm (square norm) for the infrared
pulse wave. data IR is determined. Since an infrared light
pulse wave data sequence is determined by Equation 1, the
L2 norm can be expressed by the following equation.

R|=VSIR (1) 10
[0099] Next, the L2 norm of the red light pulse wave data
R is determined. Since a red light pulse wave data sequence
is determined by Equation 2, the L.2 norm can be expressed
by the following equation.

IRI=Y 2R (sy? ()
[0100] Here, provided that
L (12)
T RP

[0101] @ correlates with the oxygen saturation SpO,.
Taking a function representing the correlation as “f,” the
oxygen saturation will be expressed as follows.

SpO=f(®) 13

[0102] Thus, the oxygen saturation SpO, can be deter-
mined. FIG. 3 shows a line whos gradient is determined by
a norm ratio.

[0103] Here, the term “norm” refers to a mathematical
concept. An Euclidean norm or a square norm maps onto a
scalar the magnitude of a vector having “n” elements. As
mentioned above, the oxygen saturation SpO2 can be deter-
mined on the basis of a ratio of the L2 norm value (square
norm) of the red light pulse wave data R over a predeter-
mined time period and the L2 norm value of the infrared
light pulse wave data over a predetermined time period.

[0104] Here, the red light pulse wave data R and the
infrared light pulse wave data IR over a predetermined time
period may be used for a given time period in reverse
chronological order from the sequentially-obtained present
pulse wave.

[0105] The L2 norm is used for the norm value, but
another norm value determined by another computing
method may also be used.

[0106] The oxygen saturation may be preferably com-
puted with the above explained norm ratio in a case where
the noise component is relatively small with respect to the
pulse wave signal. On the other hand, in a case where the
noise component is relatively large with respect to the pulse
wave signal,

[0107] Inrelation to computation of the oxygen saturation,
the oxygen saturation may be computed with a fundamental
frequency obtained by the above explained rotating compu-
tation, in place of a fundamental frequency obtained by the
frequency analysis disclosed in Japanese Patent Publication
No. 2003-135434A.

[0108] The apparatus using the foregoing principle will
now be described by reference to FIGS. 1, 7 through 11.

May 13, 2004

[0109] As described previously, the photo emitt rs 1, 2 are
activated by the light source driver 3 so as to alternately
effect emission, thereby emitting light rays of different
wavelengths. The light rays emitted from the photo emitters
1, 2 pass through the living tissue 4 and are then received by
the photodiode 5, where the light is converted into an
electric signal. The thus-converted signals are amplified by
the amplifier 6 and divided to the filters 8-1, 8-2 assigned to
the respective light wavelengths, by the multiplexer 7. The
signals allocated to the respective filters are filtered by the
filters. 8-1, 8-2, whereby noise components of the signals are
reduced. The signals are digitized by the A/D converter 9.
The digitized signal trains corresponding to the infrared light
and the red light form the pulse waves. The digitized signal
trains are input to the processor 10 and processed by a
program stored in the ROM 12, wherein a pulse rate PR and
oxygen saturation SpO, are computed. The resultant com-
puted value is displayed on the display 11.

[0110] As a first embodiment of the invention, a process-
ing flow to be used for computing the pulse rate PR and the
oxygen saturation SpO, are described by reference to FIG.
7. Measurement is then initiated (step S1). The red light
pulse wave and the infrared light pulse wave are detected in
the manner mentioned above (step S2). The digitized signal
trains (respective pulse wave data sets) are acquired by the
processor 10.

[0111] In accordance with the program stored in the ROM
12, the processor 10 processes the pulse wave data in the
following manner by reading and writing data, which are
being processed, from and to a RAM 13.

[0112] First, a pulsation component ratio of the infrared
light pulse wave to a DC component of the pulse wave and
a pulsation component ratio of the red light pulse wave to a
DC component of th pulse wave are determined (step S3).

[0113] Next, processing for determining the pulse rate PR
(steps S4 to S6) and processing for determining oxygen
saturation SpO, (steps S7 to S9) are performed simulta-
neously.

[0114] Through the processing for determining the pulse
rate PR (steps S4 to S6), a waveform whose noise is reduced
is obtained from the data S pertaining to the infrared light
pulse wave data IR and the red light pulse wave data R,
according to Equation 5 by the rotating matrix A for which
a rotating angle is set beforchand (step S4).

[0115] Here, the rotation angle to be sct is such an angle
that a range on one of the axes shown in FIG. 4 on which
the data plotted as shown in FIG. 3 are projected and
distributed is minimized. The rotating angle may be, for
example, 97/30 [rad] or 24m/30 [rad]. The waveform whose
noise has been reduced can be obtained from the data
pertaining to an axial component at which the distribution
range of the projected data is minimized.

[0116] The waveform whose noise has been reduced is
subjected to frequency analysis in such a manner as shown
in FIG. 6B, thereby determining the fundamental frequency
of the pulse wave data (step S5).

[0117] The pulse rate is determined from the fundamental
frequency according to 60 fs [times/min] and displayed on
the display 11.
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[0118] During processing for determining oxygen satura-
tion SpO, (steps S7 to S9), the L2 norm values are deter-
mined from the infrared light pulse wave data IR and the red
light pulse wave data R, both being obtained over a prede-
termined time period, by Equations (10) and (11). A ratio
between the both L.2 norm values is det rmined by Equation
(12).

[0119] A ratio of the infrared light pulse signal whose
noise has been reduced to the red light pulse signal whose
noise has been reduced is determined, to thus compute
oxygen saturation (step S7). The L2 norm ratio is taken as
®, the oxygen saturation SpO, is determined according to
Equation (12) (step S8), and the thus-obtained oxygen
saturation is displayed on the display 11 (step S9).

[0120] When measurement. is continued, processing
returns to step S2, where processing is iterated. When
measurement is not performed, measurement is completed
(step S11).

[0121] Next, a second embodiment of the invention will
be described by reference to FIG. 8.

[0122] A difference between the first and second embodi-
ments lies in that, in step S4, a rotating angle is not
determined beforehand but is determined from obtained
data. As shown in FIG. 8, processing is performed with step
S4-1 being separated from step S4-2. The other steps are the
same as those of the first embodiment, and hence their
repeated explanations are omitted.

[0123] During processing (steps S4 to S6) for determining
a pulse rate PR, a graph such as that shown in FIG. 3 is first
plotted through use of the infrared light pulse wave data IR
and the red light pulse wave data R, both being obtained over
a given time period.

[0124] Then, a rotating operation is performed with
respect to the plotted data to find out a rotating angle at
which a distribution range of the data projected on one of
axes shown in FIG. 4 is minimized (step S4-1). Next, pulse
wave data of respective wavelengths are processed by a
rotating matrix through the thus obtained rotating angle. Th
waveform whos noise has been reduced can be obtained
from the data pertaining to an axial component at which the
distribution range of the projected data is minimized (step
S4-2).

[0125] As mentioned above, the characteristic of the sec-
ond embodiment lies in that the rotating angle of the rotating
matrix is not a fixed angle and has an adaptive characteristic
such that the rotating angle is variable, as necessary, accord-
ing to detected pulse wave data.

[0126] As a third embodiment of the invention, the pulse
rate PR and the oxygen saturation SpQ, are replaced with the
fundamental frequency determined by use of frequency
analysis. By reference to FIG. 10, the processing flow,
which performs processing through use of the fundamental
frequency determined by the rotational processing, will be
described. The steps as same as those of the first embodi-
ment are designated by the same reference numerals, and
their repeated explanations are omitted.

[0127] During processing for determining oxygen satura-
tion SpO,, (steps S7A to S9), in this embodiment, a noise-
reduced signal is obtained by causing the infrared light pulse
wave signal and the red light pulse wave signal to pass
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through a filter formed from the fundamental frequency
(obtained by step S5) or from combination of the funda-
mental frequency and a harmonic wave thereof (step STA).

[0128] A ratio of the infrared light pulse signal whose
noise has been reduced to the red light pulse signal whose
noise has been reduced is determined, to thus compute
oxygen saturation (step S8A), and the computed oxygen
saturation is displayed on the display 11 (step S9).

[0129] Next, a fourth embodiment of the invention will be
described by reference to FIG. 11.

[0130] A difference between the third and fourth embodi-
ments lies in that, in step S4, a rotating angle is not
determined beforehand and that a rotating angle is deter-
mined from obtained data. As shown in FIG. 11, processing
is performed with step S4-1 being separated from step S4-2.
The other steps are the same as those of the third embodi-
ment, and hence their repeated explanations are omitted.

[0131] During process (steps S4-1 to S6) for determining
a pulse rate PR, a graph such as that shown in FIG. 3 is first
plotted through use of the infrared light pulse wave data IR
and the red light pulse wave data R, both being obtained over
a given time period. Then, a rotating operation is performed
with respect to the plotted data to find out a rotating angle
at which a distribution range of the data projected on one of
axes shown in FIG. 4 is minimized (step S4-1). Next, pulse
wave data of respective wavelengths are processed by a
rotating matrix through then thus obtained rotating angle.
The waveform whose noise has been reduced can be
obtained from the data pertaining to an axial component at
which the distribution range of the projected data is mini-
mized (step S4-2).

[0132] As mentioned above, the characteristic of the
fourth embodiment lies in that the rotating angle of the
rotating matrix is not a fixed angle and has an adaptive
characteristic such that the rotating angle is variable, as
necessary, according to detected pulse wave data.

[0133] The foregoing descriptions have described the
invention by taking, as an example, a pulse oximeter which
measures oxygen saturation in arterial blood. The technique
of the invention is not limited to a pulse oximeter and can
also be applied to an apparatus (pulse photometer), which
measures abnormal hemoglobin (carboxyhemoglobin, meth-
emoglobin, etc.) and light-absorbing materials in blood,
such as dye injected into blood, through use of the principle
of pulse photometry, by selection of a wavelength of the
light source.

[0134] Although the present invention has been shown and
described with reference to specific preferred 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.

What is claimed is:

1. A method of processing observed data, comprising
steps of:

receiving a first signal coming from a medium for a
predetermined time period as a first data set;
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receiving a second signal coming from the medium for the
predetermined time period as a second data set;

plotting the first data set and the second data set on a
two-dimensional orthogonal coordinate system; and

rotating the first data set and the second data set plotted on
the coordinate system by a rotating matrix to separate
a signal component and a noise component contained in
the observed data.

2. The signal processing method as set forth in claim 1,
further comprising a step of subjecting the signal component
to a frequency analysis to determine a fundamental fre-
quency of the signal component.

3. A signal processor, in which the signal processing
method as set forth in claim 1 is executed.

4. A pulse photometer adapted to observe a pulse wave of
a living body, comprising

a light emitter, adapted to irradiate the living body with a
first light beam having a first wavelength and a second
light beam having a second wavelength which is dif-
ferent from the first wavelength,

a converter, operable to convert the first light beam and
the second light beam, which have been reflected or
transmitted from the living body, into a first data set
corresponding to the first wavelength and a second data
set corresponding to the second wavelength; and

a processor, operable to process the first data set and the
second data set with a rotating matrix to separate a
signal component and a noise component contained in
the pulse wave.

5. The pulse photometer as set forth in claim 4, wherein:

the processor is operable to plot the first data set and the
second data set on a two-dimensional orthogonal coor-
dinate system constituted by a first axis corresponding
to the first data set and a second axis corresponding to
the second data set; and

the first data set and the second data set plotted on the
coordinate system are to be rotated by the rotating
matrix.

6. The pulse photometer as set forth in claim 4, wherein
the first data set and the second data set are obtained for a
predetermined time period consecutively.

7. The pulse photometer as set forth in claim 5, wherein
arotating angle of the rotating matrix is determined such that
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a distribution range of the first data set and the second data
set which are projected on one of the first axis and the second
axis is minimized.
8. A pulse photometer, comprising
a light emitter, adapted to irradiate a living body with a
first light beam having a first wavelength and a second
light beam having a second wavelength which is dif-
ferent from the first wavelength,

a converter, operable to convert the first light beam and
the second light beam, which have been reflected or
transmitted from the living body, into a first data set
corresponding to the first wavelength and a second data
set corresponding to the second wavelength; and

a processor, operable to:

plot the first data set and the second data set on a
two-dimensional orthogonal coordinate system cor-
responding to the first wavelength and the second
wavelength;

calculate a first norm value for the first data set and a
second norm value for the second data set to obtain
a norm ratio of the first norm value and the second
norm value; and

obtain a concentration of at least one light-absorbing
material in blood of the living body, based on the
norm ratio.

9. The pulse photometer as set forth in claim 8, wherein
the concentration of the light-absorbing material is at least
one of an oxygen saturation in arterial blood, a concentration
of abnormal hemoglobin in arterial blood, and a concentra-
tion of injected dye in arterial blood.

10. The pulse photometer as set forth in claim 4, wherein
the processor is operable to:

subject the signal component to a frequency analysis to
determine at least one of a fundamental frequency of
the pulse wave and a pulse rate of the living body; and

obtain a concentration of at least one light-absorbing

material in blood of the living body, based on at least

one of the fundamental frequency and the pulse rate.

11. The pulse photometer as set forth in claim 10, wherein

the concentration of the light-absorbing material is at least

one of an oxygen saturation in arterial blood, a concentration

of abnormal hemoglobin in arterial blood, and a concentra-
tion of injected dye in arterial blood.

I T I
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