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7) ABSTRACT

In a pulse oximeter (blood component measurement appa-
ratus), a subject body is irradiated periodically with red light
and infrared light. Then, carried out sequentially in a time
sharing manner are the measurement of the transmitted light
intensity through the subject body, the measurement of the
pulse wave component of the transmitted light intensity, and
the measurement of the dark level in the state that the subject
body is not irradiated with the light. On the basis of these
measurement values, oxygen saturation of the arterial blood
is measured. In the present embodiments, each measurement
is carried out with a time interval equal to the period
corresponding to the line frequency. In this approach, peri-
odic noise of the line frequency or other noise are eliminated
in dark level correction. This permits precise measurement
of the blood component.
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Fig. 1

1A(1B, 1C, 1D, 1E, 1F)

11

|

Fig. 2

mjr/‘m Absorption component
[ caused by arteries

—

—~ SL Absorption component

.~
/
-

caused by veins

A _7
KL Absorption component
/ " caused by tissues
| 1

Time

Optical
absorbance




Patent Application Publication Jun. 19,2003 Sheet 2 of 18 US 2003/0114737 Al

Fig. 3
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Fig. 7
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BLOOD COMPONENT MEASUREMENT
APPARATUS

[0001] This application is based on the application No.
2001-354944 filed in Japan, the content of which is hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a blood component
measurement apparatus such as a pulse oximeter.

[0004]

[0005] 1Inablood component measurement apparatus such
as a pulse oximeter, a light emitting element emits light. The
light transmitted through a subject body (the body of a
subject person) is then measured by an electric circuit
comprising a photodetector, whereby oxygen saturation or
the like of the blood is obtained.

[0006] Nevertheless, in such a blood component measure-
ment apparatus, the measurement signal can contain peri-
odic noise, such as induced noise of line frequency and that
due to light from fluorescent lamps. Thus, since the level of
the measurement signal of the transmitted light detected by
the photodetector is very low, the influence of such periodic
noise needs to be eliminated in order that the blood com-
ponent is measured precisely.

[0007] The invention has been devised to resolve this
problem. The object of the invention is to provide a blood
component measurement apparatus for measuring a blood
component precisely.

2. Related Art of the Invention

SUMMARY OF THE INVENTION

[0008] In order to resolve the above-mentioned problem,
a blood component measurement apparatus for measuring a
blood component in the arterial blood of a subject body
according to the invention comprises: an illuminating device
for illuminating said subject body with predetermined light
periodically at first timings; a light intensity detector for
detecting light intensity measurement values of light trans-
mitted through said subject body; a dark level detector for
detecting dark level measurement values periodically at
second timings without illumination from said illuminating
device; a pulse wave detector for extracting pulse wave
component from said light intensity measurement values,
and thereby detecting pulse wave measurement values; and
a blood component measurer for measuring the blood com-
ponent of said arterial blood on the basis of said light
intensity measurement values, said dark level measurement
values, and said pulse wave measurement values; wherein
each time interval between said first timings and said second
timings corresponds to a line frequency.

[0009] In the following description, like parts are desig-
nated by like reference numbers throughout the several
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows the configuration of the main part of
a pulse oximeter 1A according to Embodiment 1 of the
invention;

Jun. 19, 2003

[0011] FIG. 2 illustrates optical absorbance in a subject
body;
[0012] FIG. 3 shows absorption spectra of oxidized hemo-

globin and reduced hemoglobin;

[0013] FIG. 4 illustrates time difference values of a pulse
wave component;

[0014] FIG. 5 shows the configuration of the measure-
ment circuit of a pulse oximeter 1A;

[0015] FIG. 6 shows an example of measurement result in
red light and infrared light,

[0016] FIG. 7 illustrates the timing of measurement in a
pulse oximeter 1A,;

[0017] FIG. 8 shows the configuration of the measure-
ment circuit of a pulse oximeter 1B according to Embodi-
ment 2 of the invention;

[0018] FIG. 9 illustrates the timing of measurement in a
pulse oximeter 1B,

[0019] FIG. 10 illustrates the operation of a pulse oxime-
ter 1C according to Embodiment 3 of the invention;

[0020] FIG. 11 illustrates the timing of measurement in a
pulse oximeter 1C;

[0021] FIG. 12 illustrates the operation of a pulse oxime-
ter 1D according to Embodiment 4 of the invention;

[0022] FIG. 13 illustrates the operation of a pulse oxime-
ter 1E according to Embodiment S of the invention;

[0023] FIG. 14 illustrates the timing of measurement in a
pulse oximeter 1E;

[0024] FIG. 15 shows the configuration of the measure-
ment circuit of a pulse oximeter 1F according to Embodi-
ment 6 of the invention;

[0025] FIG. 16 illustrates the operation of a pulse oxime-
ter 1F;
[0026] FIG. 17 illustrates the timing of measurement in a

pulse oximeter 1F;

[0027] FIG. 18 illustrates time difference values of a pulse
wave component in a pulse oximeter 1F;

[0028] FIG. 19 illustrates the timing of measurement
according to a modification of the invention; and

[0029] FIG. 20 illustrates the timing of measurement
according to a modification of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment 1

Principles of Measurement in Pulse Oximeter

[0030] A pulse oximeter 1A (FIG. 1) according to
Embodiment 1 of the invention measures a blood component
in the arterial blood of a subject body or, specifically, the
oxygen saturation of the blood. Described below are the
principles of the measurement of oxygen saturation in the
pulse oximeter 1A.
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[0031] FIG. 2 illustrates optical absorbance in a subject
body. In FIG. 2, the horizontal axis indicates time, while the
vertical axis indicates optical absorbance.

[0032] When a subject body is irradiated with light, a part
of the light is absorbed. The light absorption is divided into
an absorption component KL caused by tissues, an absorp-
tion component SL caused by veins, and an absorption
component DL caused by arteries. In the absorption com-
ponent DL caused by arteries, the optical absorbance varies
in the same rate as the pulse.

[0033] FIG. 3 shows absorption spectra of oxidized hemo-
globin and reduced hemoglobin. In FIG. 3, the horizontal
axis indicates the wavelength of light, while the vertical axis
indicates optical absorbance. The absorbance spectrum OX
of oxidized hemoglobin and the absorbance spectrum HI of
reduced hemoglobin have different shapes from each other.
At a wavelength of red light R, reduced hemoglobin has the
higher absorbance. In contrast, at a wavelength of infrared
light IR, oxidized hemoglobin has the higher absorbance.

[0034] As a result of this difference in the absorbance
spectra OX and HI, a higher oxygen saturation of the blood
causes a higher absorbance in the infrared light IR, while
lower oxygen saturation of the blood causes a higher absor-
bance in the red light R. Using this phenomenon, the pulse
oximeter 1A measures the oxygen saturation of the blood on
the basis of the ratio between the pulse wave components
Ma(R) and Ma(IR) (sce FIG. 6) in the transmitted red light
R and the transmitted infrared light IR after the transmission
through the subject body.

[0035] In the measurement of the ratio between the pulse
wave component amplitudes of the transmitted red light and
the transmitted infrared light, it is taken into account that the
intensity of each transmitted light is proportional to the
intensity of the emitted light from the light source. That is,
each pulse wave component amplitude is divided by the
transmitted light intensity, whereby avoided is the influence
of the intensity of the emitted light from the light source.

[0036] Further, in the measurement of the ratio between
the pulse wave component amplitudes of the transmitted red
light and the transmitted infrared light, not used is the
difference TP between the peek and the valley of a pulse as
shown in FIG. 4(a). Instead, a pulse is divided into finite
time intervals as shown in FIG. 4(b), whereby the difference
values (time difference values, hereafter) DP’s in these
intervals are used. This approach increases the number of
samples.

[0037] The ratio between the time difference value of the
pulse wave component and the transmitted light intensity is
calculated for each of the red light and the infrared light.
Then, a p-value is calculated from these ratios according to
the following Formula (1).

R(t + Ar) — R(1) €8]
R(1)
P=Re+A-IRD
IR()

[0038] In Formula (1), R indicates the transmitted light
intensity of the red light, while IR indicates the transmitted
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light intensity of the infrared light. .t indicates a difference
time interval. As such, the p-value is calculated as the ratio
between the ratios of the time difference value of the pulse
wave component to the transmitted light intensity for the red
light and the infrared light.

[0039] Further, prepared in advance is a table providing
the relation between the p-value and the oxygen saturation
of the blood. Thus, referring to this table, the oxygen
saturation is obtained from the p-value calculated on the
basis of the transmitted light intensity for the red light and
the infrared light.

Configuration and Operation of Pulse Oximeter 1A

[0040] FIG. 1 shows the configuration of the main part of
the pulse oximeter 1A. FIG. 5 shows the configuration of the
measurement circuit of the pulse oximeter 1A. The algo-
rithm of measurement of the oxygen saturation by the pulse
oximeter 1A is described below with reference to FIGS. 1
and 3.

[0041] The pulse oximeter 1A serves as a blood compo-
nent measurement apparatus, and hence measures the oxy-
gen saturation as a blood component. The pulse oximeter 1A
comprises: a main body 2; and a probe 3 electrically
connected to the main body 2 via a lead wire 10.

[0042] The main body 2 comprises: a display section 11
for displaying the blood component measurement result and
the like; a menu button 12 for causing a menu screen to be
displayed on the display section 11; two selection switches
13 used for various setting on the menu screen and the like;
and a connector section 14 for connecting to an end of the
lead wire 10.

[0043] The probe 3 comprises: light emitting elements 31a
and 316 for emitting red light R and infrared light IR,
respectively; and a photodetector 32.

[0044] In the measurement of oxygen saturation by the
pulse oximeter 1A, the transmitted light intensity and the
time difference value of the pulse wave component are
measured for each of the red light and the infrared light as
shown in Formula (1). Thus, the red and infrared light
emitting elements 31a and 315 in the probe 3 emit pulsed
light alternately, while the photodetector 32 measures the
light transmitted through a finger FG inserted into the probe
3. The probe 3 for measuring the light intensity herein may
be of a transmission type or of a reflection type. In either
type, measured is the light transmitted through the arterial
blood of the subject body. Accordingly, the light to be
measured in either type is referred to as the transmitted light
without distinction in this specification.

[0045] The output of the photodetector 32 is converted
into a voltage by a current-voltage converter 21, and then
amplified into an output voltage V2 by a variable amplifier
22. As for the output voltage V2, an output voltage value
(dark level, hereafter) V2 (dark) in the non-light-emitted
state is measured when the light emitting assembly 31 is not
emitting light, while an output voltage value (transmitted
light intensity measurement value, hereafter) V2(R) or
V2(IR) in the light-emitted state is measured when the light
emitting assembly 31 is emitting light. Then, as shown in the
following Formulas (2) and (3), the difference between the
dark level and the transmitted light intensity measurement
value is calculated for each of the red light and the infrared
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light, whereby the dark level is eliminated from the trans-
mitted light intensity measurement value (dark level correc-
tion, hereafter).

R(H) {Vo®)-V2(Dark)}, @
IR(f) {VA(IR)-V(Dark)}, ©)
[0046] FIG. 6 shows an example of the measurement

result of the transmitted light intensity V2 for the red light
and the infrared light.

[0047] As shown in FIG. 6, the amplitude of the pulse
wave component Ma measured in the transmitted light
through the subject body is generally very small in com-
parison with the entirety of the transmitted light intensity.
Accordingly, in order to obtain time difference values of the
pulse wave component Ma by means of difference opera-
tions on the transmitted light intensity measurement value,
an A/D converter 27 in the transmitted light intensity mea-
surement needs to have a very high resolution.

[0048] Thus, in order to avoid this necessity, in parallel to
the measurement of the transmitted light intensity, the pulse
wave component (pulse wave component measurement
value, hereafter) in the transmitted light intensity measure-
ment value is extracted, amplified, and A/D-converted in a
predetermined electric circuit. This approach reduces quan-
tization error and the like, and thereby permits more precise
measurement of the oxygen saturation in comparison with
the case that the transmitted light intensity is inputted to the
A/D converter 27 and that the time difference values are then
calculated. More specifically, in the measurement of the
pulse wave component, a reference voltage corresponding to
the non-pulse-wave component Mb is generated by a refer-
ence voltage generator 24, and then subtracted from the
transmitted light intensity V2 in the subtractor 25. The
output of the subtractor 25 is amplified in a variable ampli-
fier 26, and then A/D-converted in the A/D converter 27.
FIG. 6(b) shows an example of the measurement result of
the pulse wave component waveform V3 outputted from the
variable amplifier 26. As a result of the above-mentioned
processes, the pulse wave component Ma shown in FIG.
6(a) is amplified.

[0049] FIG. 7 illustrates the timing of measurement in the
pulse oximeter 1A. In FIG. 7, R indicates a measurement
with red light, while IR indicates a measurement with
infrared light. DC indicates transmitted light intensity, while
AC indicates pulse wave component. Dark level measure-
ments carried out in the non-light-emitted state of the light
emitting assembly 31 are common for the red light and the
infrared light. However, these measurements are distin-
guished and labeled as R.Dark and IR .Dark, respectively, for
convenience.

[0050] As shown in FIG. 7, the pulse oximeter 1A mea-
sures transmitted light intensity DC and pulse wave com-
ponent AC alternately for the red light and the infrared light
in a time sharing manner. That is, each of the measurement
of the transmitted light intensity and the measurement of the
pulse wave component is carried out in the order R.R.D-
ark IR IR Dark.

[0051] The measured signal can contain induced noise of
line frequency and noise due to light from luminescent
lamps, in addition to the signal component of the light which
has been emitted from the light emitting assembly 31 and
then transmitted through the subject body. In order to avoid
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the influence of such noise, the measurement period TO
defined as the time interval between a first timing in which
an R measurement or an IR measurement is carried out and
asecond timing in which a dark level measurement is carried
out is set equal to the period (1/50 sec or 1/60 sec) corre-
sponding to the line frequency (50 Hz or 60 Hz). As a result,
the level of periodic noise at the R and IR measurements
equals that at the R.Dark and IR.Dark measurements.
Accordingly, in the dark level correction in which a dark
level signal is subtracted from a measured R or IR signal
according to the above-mentioned Formulas (2) or (3), the
periodic noise having a frequency equal to the line fre-
quency or an integer multiple thereof is canceled. This
permits precise measurement of the oxygen saturation. This
situation holds true also in the dark level correction for the
pulse wave component described later.

[0052] In the dark level correction, constant offset com-
ponents such as the offset voltages of the amplifiers can also
be eliminated.

[0053] Referring to FIG. 5 again, each circuit of the pulse
oximeter 1A is described below in detail.

[0054] The light emitting assembly 31 comprises the red
light emitting element 31a and the infrared light emitting
element 31b. In order to measure transmitted light intensity
through a subject body in a time sharing manner, the light
emitting assembly 31 emits pulsed red light and pulsed
infrared light alternately (PL’s in FIG. 6(a)).

[0055] The light emitted from the light emitting assembly
31 and then transmitted through the subject body is detected
by the photodetector 32, and thereby converted into a
voltage V1 proportional to the photocurrent by the current-
voltage converter 21. The detection voltage V1 from the
current-voltage converter 21 is amplified into an appropriate
voltage level by the variable amplifier 22.

[0056] Described below are the measurement of the trans-
mitted light intensity and the measurement of the pulse wave
light intensity.

[0057] In the measurement of the transmitted light inten-
sity, the output voltage of the reference voltage generator 24
is set at a predetermined voltage. Further, the gain of the
variable amplifier 22 is set at a predetermined gain, whereby
the transmitted light intensity voltage V2 is measured. In this
measurement of the transmitted light intensity, the above-
mentioned setting values are not changed.

[0058] 1In response to a transmitted light intensity signal
outputted from the A/D converter 27, a controller 28 adjusts
the gain G2 of the variable amplifier 26 such that the output
from the variable amplifier 26 is maintained within the
available output voltage range thercof. The controller 28
further adjusts the emitted light intensities of the light
emitting elements 31a and 31 such that the measurement
values of the transmitted light intensities of the red light and
the infrared light are close to each other (substantially the
same value).

[0059] In the measurement of the pulse wave component,
a DC voltage VO corresponding to the non-pulse-wave
component Mb (see FIG. 6(a)) is generated for each of the
R, IR, and Dark measurements, by the reference voltage
generator 24. The voltage VO corresponding to the non-
pulse-wave component is subtracted from the output voltage
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V2 corresponding to the transmitted light intensity in the
subtractor 25. The reference voltage generator 24 may be
composed of a D/A converter. Then, the variable amplifier
26 outputs a pulse wave component waveform as shown in
FIG. 6(b). This pulse wave component voltage is converted
into a digital signal by the A/D converter 27.

[0060] In response to the pulse wave amplitude waveform
(the value of pulse wave component Ma shown in FIG. 6(a))
obtained in the measurement of the transmitted light inten-
sity, the gain G2 of the variable amplifier 26 is adjusted such
that the amplitude of the amplified pulse wave voltage V3 is
maintained within the measurable range of the A/D con-
verter 27.

[0061] The voltage setting value for the reference voltage
generator 24 in the measurement of the pulse wave compo-
nent is determined on the basis of: the pulse wave compo-
nent information (the value of Ma) obtained by the mea-
surement of the transmitted light intensity; the non-pulse-
wave component information (the value of non-pulse-wave
component Mb shown in FIG. 6(a)); and the gain G2 which
is set in the variable amplifier 26. Accordingly, the reference
voltage value is set such that the pulse wave waveform
voltage V3 from which the reference voltage has been
subtracted and which has been amplified is maintained
within the measurable range of the A/D converter 27.

[0062] The setting value for the voltage of the reference
voltage generator 24 and the setting value for the gain G2 of
the variable amplifier 26 are determined on the basis of the
measurement result of the transmitted light intensity.
Renewal of these setting values are determined on the basis
of the measurement data of the transmitted light intensity
measurement value through the subject body obtained in a
measurement of the transmitted light intensity for a prede-
termined time duration (for example, past 3 sec) immedi-
ately before the renewal. Preferably, this predetermined time
duration is a measurement time duration covering at least
one period of the pulse wave data, that is, a time duration
sufficient to obtain the amplitude information of the pulse
wave component.

[0063] The reference voltage of the reference voltage
generator 24, the gain G1 of the variable amplifier 22, the
gain G2 of the variable amplifier 26, and the intensity (the
value of the driving current) of the light emitting assembly
31 are renewed in every predetermined time interval (for
example, every 1 second).

[0064] Similarly to the measurement of transmitted light
intensity, in the measurement of the pulse wave component,
dark level correction is carried out in order to eliminate the
dark level. That is, operations are applied according to the
right side of the following formulas (4) and (5).

R(#+A)-R(0) {V3(R)‘ V;(Dark) b, a1 V5(R)-

V3(Dark)}, ®

IR(r+AD-IR(2) { V,(IR)-V(Dark) }, s~ { V3(IR)-

V3(Dark)}, ®)
[0065] An analogue switch 23 is used for the calibration of

the A/D converter 27 by means of the reference voltage from
the reference voltage generator 24. The output of the vari-
able amplifier 22 is shut off before a measurement, whereby
the A/D converter 27 is adjusted such that the measurement
value from the A/D converter 27 equals the reference
voltage value.
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[0066] The measurement data obtained in the above-men-
tioned measurement circuit is provided to the controller 28,
whereby the p-value is calculated according to the following
Formula (6).

{V3(R) - V3(Dark)},,p, —{V3(R) - V3(Dark)}, (®)
{V2(R) = Va(Dark)},
P= VAR = Va(Dark))a, ~ V(IR — Vs Dark,
{V2(IR) - Vo (Dark)},

[0067] The controller 28 comprises: a CPU 28a; and a
memory 28b composed of a ROM or the like. The controller
28 is a digital circuit for controlling the above-mentioned
circuit sections comprehensively. The controller 28 further
comprises a timer counter 28¢ for managing the timing of
measurement and the timing of light emission of the light
emitting assembly.

[0068] The controller 28 may apply digital filtering such
as low-pass filtering and high-pass filtering, onto the mea-
surement data.

[0069] In the calculation of time difference values of the
pulse wave component, when the setting values for the
reference voltage of the reference voltage generator 24 at
measurement timings t and t+.t are different from each other,
the above-mentioned p-value (or equivalently, the oxygen
saturation of the blood) is not calculated using these mea-
surement values. This is because in such a case, when a
difference between the output voltage values of the reference
voltage generator 24 is calculated from a difference between
the reference voltage setting values, there is a discrepancy
between the setting value for the reference voltage of the
reference voltage generator 24 and the actual output voltage.
This results in an insufficient precision.

[0070] In the measurement of the transmitted light inten-
sity and the measurement of the dark level thereof, the gain
G1 of the variable amplifier 22 is set equal to the gain G2 of
the variable amplifier 26. Otherwise, precise dark level
correction is not achieved. In the measurement of the pulse
wave component and the measurement of the dark level
thereof, the gain G1 of the variable amplifier 22 is set equal
to the gain G2 of the variable amplifier 26.

[0071] In the measurement of transmitted light intensity
and the measurement of the pulse wave component, mea-
surement operations are carried out alternately for the red
light R and the infrared light IR. Accordingly, the time points
of measurement are different for the measurement data of R
and IR. Thus, simulated measurement values for R and IR at
the same time point are calculated by interpolation of the
measurement data before and after the time point of data
measurement.

[0072] Then, referring to the table which is stored in the
memory 28a and which provides the relation between the
pvalue and the oxygen saturation of the blood, the controller
28 obtains the oxygen saturation of the blood from the
p-value calculated according to Formula (6). The obtained
oxygen saturation is displayed on the display section 11.

[0073] In the above-mentioned operation of the pulse
oximeter 1A, the period of the timing of measurement is set
equal to an integer multiple of the period corresponding to
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the line frequency, whereby periodic noise of line frequency
is eliminated. This permits precise measurement of oxygen
saturation.

Embodiment 2

[0074] The configuration of a pulse oximeter 1B according
to Embodiment 2 of the invention is similar to that of the
pulse oximeter 1A according to Embodiment 1. However, in
contrast to the pulse oximeter 1A, the pulse oximeter 1B
comprises two A/D converters.

[0075] FIG. 8 shows the configuration of the measure-
ment circuit of the pulse oximeter 1B.

[0076] In contrast to the pulse oximeter 1A (FIG. §), the
pulse oximeter 1B comprises an A/D converter 272 in
addition to an A/D converter 271.

[0077] This configuration of the pulse oximeter 1B per-
mits the measurement of R, R.Dark, IR, and IR.Dark in the
timing of measurement shown in FIG. 9. In FIGS. 9(a) and
9(b), the horizontal axis indicates the time. FIG. 9(a)
illustrates the timing of measurement of the transmitted light
intensity. FIG. 9(b) illustrates the timing of measurement of
the pulse wave component.

[0078] In the pulse oximeter 1A according to Embodiment
1, the measurement of the transmitted light intensity DC and
the measurement of the pulse wave component AC have
been carried out alternately. In contrast, in the pulse oxime-
ter 1B, the measurement of the transmitted light intensity
DC and the measurement of the pulse wave component AC
are carried out simultaneously using the two A/D converters
271 and 272. Also in this case, the interval between the
measurements of R, R.Dark, IR, and IR.Dark is set equal to
the period corresponding to the line frequency. This
approach provides twice the number of measurement data
points in a unit time in comparison with the case of the pulse
oximeter 1A.

[0079] Similarly to Embodiment 1, in the above-men-
tioned operation of the pulse oximeter 1B, periodic noise of
line frequency is eliminated. This permits precise measure-
ment of oxygen saturation. Further, since the transmitted
light intensity and the pulse wave component are measured
simultaneously, twice the number of measurement data
points are obtained. This improves further the precision in
the measurement of oxygen saturation.

Embodiment 3

[0080] The configuration of a pulse oximeter 1C according
to Embodiment 3 of the invention is similar to that of the
pulse oximeter 1A according to Embodiment 1. However,
these pulse oximeters are different from each other in the
configuration of the controller 28.

[0081] In general, a larger number of measurement data
points permits more precise measurement of oxygen satu-
ration of the blood. According to the configuration of the
pulse oximeter 1C, three times the number of measurement
data points are obtained in comparison with the case of the
pulse oximeter 1A.

[0082] In the controller 28 of the pulse oximeter 1C, a
memory 28b stores a program for causing the pulse oximeter
1C to execute the operation described below.
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[0083] As described above, in the calculation of oxygen
saturation according to Formula (6), simulated measurement
values for R and IR at the same time point are calculated by
interpolation of the measurement data before and after the
time point of data measurement. Nevertheless, when the
interval between measurement operations of the measure-
ment data before and after the time point of the interpolation
becomes longer, the precision decreases in the interpolation,
and hence the precision decreases in the measurement of the
oxygen saturation. Thus, in the pulse oximeter 1C, with
maintaining the capability of eliminating periodic noise
having a frequency equal to an integer multiple of the line
frequency, the precision is improved in the interpolation of
the R and IR data, while an increased number of measure-
ment data points are obtained, whereby the precision is
improved in the measurement of the oxygen saturation.

[0084] FIG. 10 illustrates the operation of the pulse
oximeter 1C. In the Fig., the horizontal axis indicates the
time. FIGS. 10(a)-10(c) illustrate the timing of measurement
of R, R.Dark, IR, and IR.Dark for the transmitted light
intensity DC and the pulse wave component AC.

[0085] Asshown in FIGS. 10(a)-10(c), in the pulse oxime-
ter 1C, the measurement pattern shown in FIG. 7 is super-
posed three times with an interval of TO/3 (where TO
indicates the period corresponding to the line frequency),
that is, with a phase shift of 120 degrees. Each index 1-3 in
the timing of measurement shown in the Fig. indicates a
phase number. More specifically, measurement pattern PT1
(FIG. 10(«)) indicates a first phase. Measurement pattern
PT2 (FIG. 10()) indicates a second phase, while measure-
ment pattern PT3 (FIG. 10(¢)) indicates a third phase. In
each measurement pattern P1-P3, similarly to Embodiment
1, the time interval in the timing of the measurement of R,
R.Dark, IR, and IR.Dark equals the period TO correspond-
ing to the line frequency. Accordingly, similarly to the
above-mentioned cases, periodic noise having a frequency
equal to an integer multiple of the line frequency is elimi-
nated in the dark level correction in which the measurement
values for R and IR are corrected by subtracting a dark level
measured at a time point apart therefrom by the period TO.

[0086] In the dark level correction in the pulse oximeter
1C, time-independent constant offset components are can-
celled similarly to that in Embodiment 1.

[0087] FIG. 11 illustrates the overall timing of measure-
ment in which the above-mentioned measurement patterns
PT1-PT3 are superposed along the time axis of PT1. As seen
from FIG. 11, data measurement is carried out in three times
the rate in the timing (FIG. 7) of measurement according to
Embodiment 1.

[0088] Similarly to Embodiment 1, in the above-men-
tioned operation of the pulse oximeter 1C, periodic noise of
line frequency is eliminated. This permits precise measure-
ment of oxygen saturation. Further, a plurality of measure-
ment patterns each with a phase shift are used in combina-
tion, whereby an increased number of measurement data
points are obtained. This improves further the precision in
the measurement of oxygen saturation.

[0089] The present embodiment has been described for the
case that the number of measurement data points is multi-
plied three times. However, the number may be multiplied
twice, four times, or the like. In such a case that n measure-
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ment patterns are superposed, the phase shift for each
measurement pattern is the value TO/n which is the time
difference obtained by dividing the period corresponding to
the line frequency by the number n of the measurement
patterns.

Embodiment 4

[0090] The configuration of a pulse oximeter 1D accord-
ing to Embodiment 4 of the invention is similar to that of the
pulse oximeter 1A according to Embodiment 1. However,
these pulse oximeters are different from each other in the
configuration of the controller 28.

[0091] In the controller 28 of the pulse oximeter 1D, a
memory 28b stores a program for causing the pulse oximeter
1D to execute the operation described below.

[0092] In the pulse oximeter 1D, oxygen saturation of the
blood is measured using the pulse rate information. More
specifically, S/N ratio in the calculation of time difference
values is improved using the pulse rate information.

[0093] The oxygen saturation of the blood is obtained by
measuring time difference values for R and IR with respect
to the time interval .t, similarly to the calculation of the
p-value according to Formula (6). The time difference values
can be obtained from the difference of the measurement
values at the adjacent measurement timings. However, in the
pulse oximeter 1D, the time difference values are obtained
as follows.

[0094] As shown in FIG. 12(b), difference between mea-
surement values measured at two timings apart from each
other by six intervals is used to calculate time difference
values, whereby the p-value is calculated. As such, instead
of using the measurement values at adjacent measurement
timings, time difference values with a constant time interval
.tm are used. That is, larger time difference values are used.
This improves the S/N ratio in the calculation of the p-value
and hence the oxygen saturation. Preferably, the difference
time .tm shown in FIG. 12(b) is a time interval the time
difference value of which corresponds substantially to the
half HM of the amplitude of the pulse wave waveform (on
the gradual side). This assures the time difference values to
have an appropriate and sufficiently large value.

[0095] Inthe measurement for actual subject bodies, pulse
rate can vary depending on the individual difference or the
health condition of the same person in the time of measure-
ment. Accordingly, in the measurement of the oxygen satu-
ration, the above-mentioned appropriate difference time .tm
varies depending on the pulse rate of the subject person.

[0096] Thus, the difference time .tm is adjusted to be an
appropriate value on the basis of the pulse rate information
of the subject person obtained from the measurement data of
the pulse wave component. More specifically, in case of a
higher pulse rate as shown in FIG. 12(c), the difference time
.tm is adjusted to be smaller than the difference time .tm of
FIG. 12(b). Even in this case, similarly to the above-
mentioned case, the difference time .tm is preferably a time
interval the time difference value of which corresponds
substantially to the half of the amplitude of the pulse wave
waveform. Extremely large difference time .tm can result in
a discrepancy in the setting value of the reference voltage
between the measurement data. Accordingly, an appropriate
limit value is preferably provided.
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[0097] According to the above-mentioned operation of the
pulse oximeter 1D, an appropriate difference time .tm is set
depending on the pulse rate. This improves the S/N ratio in
the time difference values, and thereby permits precise
measurement of oxygen saturation.

[0098] When the difference time .tm is set appropriately
depending on the pulse rate and when the difference time .tm
is an integer multiple of the period corresponding to the line
frequency, periodic noise of line frequency is eliminated.

Embodiment 5

[0099] The configuration of a pulse oximeter 1E according
to Embodiment 5 of the invention is similar to that of the
pulse oximeter 1A according to Embodiment 1. However,
these pulse oximeters are different from each other in the
configuration of the controller 28.

[0100] According to the configuration of the pulse oxime-
ter 1E, dark level is measured precisely even when the dark
level varies time dependently. An example of the case that
the dark level varies time dependently is that the sun light is
transmitted through a subject body and then detected as a
dark level by the photodetector and that the intensity of the
sun light varies time dependently.

[0101] In the controller 28 of the pulse oximeter 1E, a
memory 28b stores a program for causing the pulse oximeter
1E to execute the operation described below.

[0102] FIG. 13 illustrates the operation of a pulse oxime-
ter 1E.
[0103] Similarly to Embodiment 3 (see FIG. 10), in the

pulse oximeter 1E, used is the combination of three mea-
surement patterns PN1-PN3 in each of which R, R.Dark, IR,
and IR.Dark are measured for the transmitted light intensity
DC and the pulse wave component AC. In the present
embodiment, the measurement period TQ is set to be ¥s
(1/400 sec or 1/480 sec) of the period corresponding to the
line frequency. FIG. 14 illustrates the overall timing of
measurement composed of the three measurement patterns
PN1-PN3.

[0104] The dark levels for R and IR are obtained from the
interpolation of the measurement values of R.Dark and
IR.Dark adjacent to the measurement timings for each of the
transmitted light intensity and the pulse wave component.
More specifically, the interpolation of the measurement for
IR is carried out according to the following Formula (7). The
interpolation of the measurement for R is carried out accord-
ing to the following Formula (8).

1 1
R.Dark(t -3 -TQ] + 1R.Dark(t+ 3 -TQ]

Dark(r) = 3
IR Dark1 - % To)+$ xR.Dark(t+ % -TQ] ®
Dark(r) =
6
[0105] In order to obtain the dark level (dark level mea-

surement value) at a timing IR0 in FIG. 14, an interpolation
is carried out between the dark levels measured at timings
IR1 and IR2 respectively shifted in advance and in delay by
a time interval (45)TQ, as shown in Formula (7).
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[0106] In contrast, in order to obtain the dark level (dark
level measurement value) at a timing RO in FIG. 14, an
interpolation is carried out between the dark level measured
at a timing R1 shifted in advance by a time interval (%5)TQ
and the dark level measured at a timing R2 shifted in delay
by a time interval (¥53)TQ, as shown in Formula (8). The
difference between Formulas (7) and (8) results from that the
dark level obtained during the measurement of the trans-
mitted light intensity is used for the interpolation of the dark
level for the transmitted light intensity DC, and that the dark
level obtained during the measurement of the pulse wave
component is used for the interpolation of the dark level for
the pulse wave component AC.

[0107] As such, in the pulse oximeter 1E, a dark level
corresponding to a measurement value is obtained by an
interpolation between two dark levels detected at second
timings closer to the measurement timing (first timing) in
comparison with the above-mentioned embodiments. Then,
dark level correction is carried out by subtracting this dark
level from the measurement value. By virtue of this, even
when the dark level varies time dependently, the influence
thereof is alleviated. This permits precise measurement of
oxygen saturation.

[0108] Periodic noise of the line frequency is eliminated
by the calculation according to the following Formula (9).
Here, N indicates an integer.

{Va(R) - VS(Dark)}r+8-N-TQ - ®

{V3(R) - Vs (Dark),
_ B® - varb),
P = AR = VoDl s, -

{V3(IR) - V3(Dark)},
{V2(R) - Va(Dark)l,

[0109] Asshown in Formula (9), in the calculation of time
difference values of the pulse wave component, the differ-
ence time is set to be 8N-TQ, whereby the p-value is
calculated. In this approach, a time difference value between
two measurement values (pulse wave measurement values)
of the pulse wave component at measurement timings apart
from each other by a time interval which is an integer
multiple (N times) of the period corresponding to the line
frequency is measured for each measurement pattern PN1-
PN3, whereby periodic noise of the line frequency is elimi-
nated.

[0110] The periodic noise of the line frequency has a
smaller influence in the measurement of the transmitted light
intensity than in the measurement of the pulse wave com-
ponent. However, if necessary, smoothing operation may be
carried out using a digital low-pass filter in the controller 28.

[0111] According to the operation of the pulse oximeter
1E, the dark level is interpolated between dark levels mea-
sured at timings close to the data measurement timing.
Accordingly, even when the dark level varies time depen-
dently, the blood component is measured precisely.

[0112] The present Embodiment 5 has been described for
the case that the measurement period TQ is ¥4 of the period
corresponding to the line frequency. However, also in the
case that the measurement period is %, ¥, 1, 2, or the like
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of the period corresponding to the line frequency, the
difference time for the pulse wave component equals an
integer multiple of the period corresponding to the line
frequency. Accordingly, the same effect is obtained.

[0113] Variation in the dark level is similarly suppressed
by a correction according to the following methods.

[0114] In the pulse oximeter 1B according to Embodiment
2, an interpolation is preferably carried out such as to
average out the dark levels before and after a data measure-
ment timing of R or IR as shown in FIG. 9. Also in this case,
the dark level is calculated separately for the measurement
of the transmitted light intensity DC and the measurement of
the pulse wave component AC. The calculation is carried out
according to the following Formula (10).

R.Dark + IR.Dark (10)
= 3

i

Dark

[0115] According to this operation of Embodiment 2,
variation in the dark level is suppressed, whereby the blood
component is measured precisely.

[0116] In the pulse oximeter 1C according to Embodiment
3, the dark level measured separately in each phase, that is,
for each measurement pattern PT1-PT3 may be extrapo-
lated. When the variation in the dark level is obtained from
another measurement pattern, the precision is improved in
the calculation of the dark level.

[0117] More specifically, in order to calculate the dark
level corresponding to the measurement of IR(3, AC) in the
measurement pattern PT3 shown in FIG. 10(c), two dark
levels in the same measurement pattern PT3 may be extrapo-
lated according to the following Formula (11). Alternatively,
dark levels measured in another phase such as the measure-
ment pattern PT1 may be used according to the following
Formula (12). In either case, variation in the dark level is
suppressed, whereby the blood component is measured
precisely.

R.Dark(3, AC) - IR.Dark(3, AC)  (11)

Dark = IR.Dark(3, AC) — 5

R.Dark(l, AC) - IR.Dark(1, AC)  (12)

Dark = IR.Dark(3, AC) — 5

Embodiment 6

[0118] The configuration of a pulse oximeter 1F according
to Embodiment 6 of the invention is similar to that of the
pulse oximeter 1B according to Embodiment 2. Major
difference is that the reference voltage generator is removed,
and that a group 29 of holding circuits described later is
provided.

[0119] FIG. 15 shows the configuration of the measure-
ment circuit of the pulse oximeter 1F.

[0120] The pulse oximeter 1F comprises a voltage holding
section 29 and analogue switches 232 and 233 in addition to
the configuration of the pulse oximeter 1B according to
Embodiment 2. The voltage holding section 29 comprises
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eight sample hold circuits 291-298. Each sample hold circuit
291-298 holds the input voltage thereto. The analogue
switches 232 and 233 control the timing in which the
measurement values held in the sample hold circuits 291-
294 and 295-298, respectively, are transmitted to the con-
troller 28.

[0121] FIG. 16 illustrates the operation of the pulse
oximeter 1F.
[0122] In the pulse oximeter 1F, the light emitting assem-

bly 31 emits pulsed red light and pulsed infrared light
alternately, whereby the transmitted light intensity through a
subject body is measured in a time sharing manner.

[0123] In the measurement of the transmitted light inten-
sity DC, a signal detected by the photodetector 32 is
transmitted through the current-voltage converter 21 and the
variable amplifier 22, and then converted into a digital signal
by the A/D converter 27. This signal is inputted to the
controller 28. FIG. 17(a) illustrates the timing of measure-
ment of the transmitted light intensity. Also in this case,
measurement is carried out sequentially for R, R.Dark, IR,
and IR.Dark. In order to eliminate periodic noise of the line
frequency, the measurement interval is preferably set equal
to an integer multiple of the period corresponding to the line
frequency.

[0124] As for the measurement of the pulse wave compo-
nent AC, in the above-mentioned embodiments, time differ-
ence values have been calculated by the controller 28. In
contrast, in the pulse oximeter 1F according to the present
embodiment, time difference values are obtained by ana-
logue calculation in the voltage holding section 29 as
follows.

[0125] Measurement values of R, R.Dark, IR, and IR Dark
are held by the two sets of sample hold circuits. Then, the
voltage values V2 at measurement timings apart from each
other by a difference time .t are switched alternately by the
analogue switches 232 and 233, whereby time difference
values of the pulse wave component are generated by the
subtractor 23.

[0126] For example, in the measurement for R, the value
of voltage V2 is held alternately by the sample hold circuit
291 and 295. Accordingly, the voltage value of the present
measurement for R and the voltage value of the preceding
measurement for R are held. The situation is the same for the
other measurement (IR, R.Dark, and IR Dark).

[0127] The voltage value held at the present measurement
(for example, R) and the voltage value held at the preceding
measurement (for example, R') are inputtedthrough theana-
logue switches 232 and 233, respectively, to the subtractor
25 in an appropriate timing. The output from the subtractor
25 is amplified to an appropriate voltage level by the
variable amplifier 26, and then converted into a digital signal
by the A/D converter 271. Accordingly, a signal (for
example, .R) of time difference value of the pulse wave
component is inputted to the controller 28 (see FIG. 16()).
As a result, time differencevalues (R, .R.Dark, .IR, and
IR Dark) are obtained by the analogue calculations as
shown in the following Formulas (13)-(16).

ARA(O)=V5(R)=R5c(t)-Rc(t-Af) 13)
AR.Dark, o(1)=V5(R.Dark)=R.Dark s (#)-R.Dark-
aclt-A7) a4
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AR, ()=, (IR)=IR , ()-IR,, [(t-A7) (15)

AIR Dark ,(#)=V; (IR.Dark)=IR.Dark, ~(f)-IR.Dark-

aclt=AD) (16)
[0128] FIG.17(b)illustrates the timing of measurement of

the time difference values, while FIG. 17(a) illustrates the
timing of measurement of the transmitted light intensity.

[0129] Since two sets of the sample hold circuits are
switched alternately, the sign of the difference voltage
outputted from the subtractor 25 is inverted also alternately
into positive and negative. When the sign is inverted, the
controller 28 re-inverts the sign.

[0130] Similarly to Embodiment 4, in the pulse oximeter
1F, S/N ratio in the measurement of the oxygen saturation of
the blood is improved using the pulse rate information. This
operation is described below.

[0131] When the p-value is calculated directly from the
time difference value of the pulse wave component with
respect to a small time interval as shown in FIG. 18(a), a
poor S/N ratio is obtained as described above. Thus, time
difference values of the pulse wave component are accumu-
lated during a predetermined time interval .ta, for example,
corresponding to 7.t as shown in FIG. 18(b). Then, the
p-value is obtained according to the following Formula (17).
This calculation is carried out by the controller 28.

IV3(R) - ZVs(Dark)  ZAR(AC) - ZADark(AC) (17
ViR -VoDark) V(R - Vo(Dark)
P= SVR) - o5 (Dark) ~ ZAIR(AC) — SADark(AC)
Vo(IR) - V(Dark) V2(IR) - Vo (Dark)

[0132] Here, . indicates the summation of the time differ-
ence values each corresponding to a time interval .t as shown

in FIG. 18(a).

[0133] Similarly to Embodiment 4, the time interval .ta
shown in FIG. 18(b) is set to be a appropriate value on the
basis of the pulse rate information of the subject person.
More specifically, the difference time .ta is preferably a time
interval the time difference value of which corresponds
substantially to the half of the amplitude of the pulse wave
waveform.

[0134] Inthe measurement of time difference values of the
transmitted light intensity and the measurement of the pulse
wave component, measurement operations are carried out
alternately for R and IR. Accordingly, the time points of
measurement are different for the measurement data of R
and IR. Thus, simulated measurement values for R and IR at
the same time point are calculated by interpolation of the
measurement data before and after the time point of data
measurement.

[0135] Similarly to Embodiment 4, according to the
above-mentioned operation of the pulse oximeter 1F, an
appropriate difference time is set depending on the pulse
rate. This improves the S/N ratio in the time difference
values, and thereby permits precise measurement of oxygen
saturation. Further, time difference values are calculated in
analogue circuits (the voltage holding section 29 and the
like). This suppresses quantization error and the like in
comparison with the case of a digital circuit (the controller
28), and thereby permits more precise measurement of the
oxygen saturation.
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[0136] Also in the pulse oximeter 1F, when each measure-
ment value is sampled in a period equal to the period
corresponding to the line frequency, eliminated is the influ-
ence of periodic noise of the line frequency.

[0137] In order to increase the number of measurement
data points by a factor of three similarly to Embodiment 3,
three times the number of sample hold circuits are necessary.
This increases the number of data points, and thereby
improves the precision in the measurement of oxygen satu-
ration.

Modified Examples

[0138] In the above-mentioned Embodiment 3, timings of
dark level measurement may be provided in the vicinity on
both sides of the data measurement point of each of R and
IR as shown in FIG. 19. FIG. 20 illustrates the overall
timing of measurement in which three measurement patterns
shown in FIGS. 19(a), 19(b), and 19(c) are superposed along
the same time axis.

[0139] In the dark level correction for the data signal (R
and IR) in this measurement pattern, the average of the two
dark level values measured at the timings Dark and Dark' in
the vicinity on both sides.

[0140] The measurement period T for each measurement
pattern may be set equal to the period corresponding to the
line frequency similarly to Embodiment 3, or alternatively,
equal to s, %, %, or the like of the period corresponding to
the line frequency similarly to Embodiment 5.

[0141] Also in the above-mentioned measurement pat-
terns, when the difference time of the pulse wave component
is set equal to an integer multiple of the period correspond-
ing to the line frequency, cancelled is the noise caused by the
line power and fluorescent lamps.

[0142] Also in the circuit (FIG. 8) according to Embodi-
ment 2, the methods of measurement according to Embodi-
ments 3 and 5 may be used.

[0143] The time intervals TO and TQ for the measurement
according to Embodiments 1 and 6 are not restricted to the
value equal to the period corresponding to the line fre-
quency. The time intervals may be a value equal to an integer
multiple greater than or equal to twice of the period corre-
sponding to the line frequency. Also in this case, cancelled
is the noise caused by the line power and fluorescent lamps.

[0144] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it is to be noted that various change and
modifications will be apparent to those skilled in the art.
Therefore, unless otherwise such changes and modifications
depart from the scope of the present invention, they should
be construed as being including therein.

What is claimed is:

1. A blood component measurement apparatus for mea-
suring a blood component in the arterial blood of a subject
body comprising:

an illuminating device for illuminating said subject body

with predetermined light periodically at first timings;

a light intensity detector for detecting light intensity
measurement values of light transmitted through said
subject body;
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a dark level detector for detecting dark level measurement
values periodically at second timings without illumi-
nation from said illuminating device;

a pulse wave detector for extracting pulse wave compo-
nent from said light intensity measurement values, and
thereby detecting pulse wave measurement values; and

a blood component measurer for measuring the blood
component of said arterial blood on the basis of said
light intensity measurement values, said dark level
measurement values, and said pulse wave measurement
values;

wherein each time interval between said first timings and
said second timings corresponds to a line frequency.

2. Ablood component measurement apparatus according
to claim 1, wherein said time interval is an integer multiple
of the period corresponding to the line frequency.

3. Ablood component measurement apparatus according
to claim 2, further comprises an actuator for executing a
plurality of measurement operations each shifted by a pre-
determined phase difference of the line frequency, in the
measurement in which said first timings and said second
timings are repeated alternately.

4. A blood component measurement apparatus according
to claim 3, further comprises a first corrector for correcting
said light intensity measurement values detected at said first
timings, and a second corrector for correcting said pulse
wave measurement values, on the basis of said dark level
measurement values detected at said second timings each
shifted from each of said first timings by the integer multiple
of the period corresponding to the line frequency

5. Ablood component measurement apparatus according
to claim 3, further comprises a first corrector for correcting
said light intensity measurement values detected at said first
timings, and a second corrector for correcting said pulse
wave measurement values, on the basis of said dark level
measurement values detected at said second timings each in
the vicinity of each of said first timings.

6. A blood component measurement apparatus according
to claim 3, wherein each of said plurality of measurement
operations is the combination of: the measurement of light
intensity measurement values; the measurement of dark
level measurement values used for the correction of said
light intensity measurement values; the measurement of
pulse wave measurement values; and the measurement of
dark level measurement values used for the correction of
said pulse wave measurement values.

7. A blood component measurement apparatus according
to claim 2, further comprises a calculator for calculating a
time difference value of two pulse wave measurement values
detected with a time interval equal to the integer multiple of
the period corresponding to the line frequency, wherein said
blood component measurer measures said blood component
also on the basis of said time difference value.

8. A blood component measurement apparatus according
to claim 1, wherein said illuminating device illuminates said
subject body alternately with two kinds of light having
wavelengths different from each other.

9. A blood component measurement apparatus according
to claim 8, wherein said illuminating device illuminates a
red light and an infrared light.
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10. A blood component measurement apparatus according
to claim 8, further comprising:

a first generator for correcting said light intensity mea-
surement values on the basis of said dark level mea-
surement values, and thereby generating corrected light
intensity measurement values;

a second generator for correcting said pulse wave mea-
surement values on the basis of said dark level mea-
surement values, and thereby generating corrected
pulse wave measurement values;

an interpolator for interpolating one of said corrected light
intensity measurement values and one of said corrected
pulse wave measurement values detected by illuminat-
ing with said two kinds of light having different wave-
lengths at timings different from each other, using said
corrected measurement values before and after the
timing of illumination; and

a calculator for calculating a simulated value of said
corrected light intensity measurement value and a
simulated value of said corrected pulse wave measure-
ment value which are simulated as if measured at the
same timing when said two kinds of light having
different wavelengths illuminate simultaneously, on the
basis of the interpolation carried out in said interpola-
tor.

11. Ablood component measurement apparatus according
to claim 8, wherein said light intensity detector detects said
light intensity measurement values amplified by using a first
gain, and when said illuminating device does not illuminate
said subject body, said dark level detector detects said dark
level measurement values amplified by using a second gain
equals to said first gain.

12. Ablood component measurement apparatus according
to claim 8, wherein said pulse wave detector detects said
pulse wave measurement values amplified by using a first
gain, and when said illuminating device does not illuminate
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said subject body, said dark level detector detects said dark
level measurement values amplified by using a second gain
equals to said first gain.

13. Ablood component measurement apparatus according
to claim 4, further comprises a processor for applying a
digital filtering process onto a time difference values of said
dark-level corrected light intensity measurement values and
said dark-level corrected pulse wave measurement values.

14. Ablood component measurement apparatus according
to claim 3, wherein said predetermined phase difference in
said plurality of measurement operations is a time difference
generated by dividing an integer multiple of the period
corresponding to the line frequency by the number of said
plurality of measurement operations.

15. A method of measuring a blood component in the
arterial blood of a subject body, comprising the steps of:

illuminating said subject body with predetermined light
periodically at first timings by an illuminating device;

detecting light intensity measurement values of light
transmitted through said subject body;

extracting pulse wave component from said light intensity
measurement values, and thereby detecting pulse wave
measurement values;

detecting dark level measurement values periodically at
second timings without illumination from said illumi-
nating device; and

measuring the blood component of said arterial blood on
the basis of said light intensity measurement values,
said dark level measurement values, and said pulse
wave measurement values;

wherein each time interval between said first timings and
said second timings corresponds to a line frequency.
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