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Description
Technical Field

[0001] The present invention relates to a living body
information measuring apparatus for optically measuring
non-invasively a concentration of a substance in the
blood or in the body fluid in the biological tissue cell or
outside the biological tissue cell, or opt-physical informa-
tion of the biological tissue for health care, diagnosis or
treatment of diseases, or beauty care, particularly relates
to a biological information measuring apparatus for non-
invasively measuring information with regard to blood
composition concentration of glucose, cholesterol, neu-
tral fat, proteins such as albumin, hemoglobin, and cre-
atine or the like, body gas concentration of oxygen or
carbon dioxide, concentration of alcohol, a drug or the
like, or information with regard to denaturing the biolog-
ical tissue represented by cancer, inflammation, skin
moisture holding function, arteriosclerosis or the like by
using visible light, near infrared light, or middle infrared
light or the like.

Background Art

[0002] As a representative background art apparatus
for measuring a composition or a concentration of a sub-
stance present in a subject, there is a blood glucose me-
ter for measuring a glucose concentration (blood glucose
value) in the blood or in the body fluid. Currently, a widely
used blood glucose meter utilizes a smallamount of blood
sample sampled by piercing a needle to a portion of the
finger, the arm or the like of the subject and a concen-
tration thereof is measured by chemically reacting glu-
cose in the sampled blood.

[0003] Further, as the most general method of meas-
uring the glucose concentration, there is a method of us-
ing an enzyme electrode. As an enzyme used in detecting
glucose, there is, for example, glucose oxidase (GOD).
By fixing the enzyme to a polymer film or the like and
bringing glucose in the substance of the subject into con-
tact with the GOD fixed film, oxygen is consumed, and
the glucose concentration can be measured by detecting
a change in the enzyme. The blood glucose meter of the
blood sampling type is constituted by a portable size and
is utilized for monitoring the blood glucose level of a di-
abetic patient.

[0004] However, according to the above-described
method, it is necessary to pierce a needle to a portion of
the finger, the arm or the like for sampling the blood, the
skin of the subject is damaged and the subject is accom-
panied by pain. Therefore, although it is preferable to
carry out measurement by 5 times or more per day for
strictly controlling the blood glucose level of the diabetic
patient, in a current state, a number of times of meas-
urement stay to be typically 2 or 3 times per day.
[0005] Thereis investigated a method of sampling and
measuring a small amount of the interstitial fluid by open-
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ing a small hole to a degree of not being accompanied
by pain on a surface of the skin by using a small needle
or laser, or a method of sampling and measuring an ef-
fluent solution of the interstitial fluid or the like by improv-
ing effluent permeability of the skin by applying voltage
or ultrasonic wave to the surface of the skin with an object
of alleviating the damage of the skin or the pain of the
patient.

[0006] On the other hand, as a method of non-inva-
sively measuring a component or a concentration of a
substance present in the subject of glucose or the like
without necessitating to sample the blood or sample the
interstitial fluid, a method of utilizing an electromagnetic
wave is known (for example, JP-B-5-58735 (pages 3-5,
FIGS. 1-5) and US 2003/0060692 A1).

[0007] The method is a method of measuring a com-
position or a concentration of a substance presentin the
subject by irradiating the surface of the skin of the subject
or the like with a plurality of different wavelengths of near
infrared light, classifying detecting signals thereof into a
reference signal and a measuring signal and operating
to process values thereof. Here, an electromagnetic
wave having a wavelength band of about 380 through
770 nm is defined as visible light, an electromagnetic
wave having a wavelength band of about 770 through
2500 nm is defined as near infrared light, an electromag-
netic wave having a wavelength band of about 2500
through 25000 nm is defined as middle infrared light and
an electromagnetic wave having a wavelength band of
about 25 through 100 pum is defined as far infrared light.
[0008] In the above-described method, as a light
source of near infrared light, there is used a method of
spectroscopically dividing light emitted from a white light
source of tungsten-halogen lamp or the like into a pre-
scribed wavelength by spectroscopic means of an inter-
ference filter or the like, monochromatic light or a semi-
conductor laser (LD) or a light emitting diode (LED) for
emitting light near to monochromatic light. Further, as a
detector of near infrared light transmitted and diffused in
the subject, an optical detector such as photodiode (PD)
is used.

[0009] The above-described non-invasive spectro-
scopic analysis of the biological substance using near
infrared light, or further, visible light is a method attracting
attention in recent years, and is provided with an advan-
tage that an aqueous solution system can be analyzed
and a function of permeating the organism is high since
absorption of water occupying a large portion as a con-
stituent element of the organism is small in comparison
with the spectroscopic analysis using middle or far infra-
red light. On the other hand, the analysis has a disad-
vantage that a signal ascribed to molecular vibration is
about one hundredth as small as a middle infrared light
region and ascription of the signal is difficult to be spec-
ified.

[0010] Further, also in measurement using near infra-
red light, according to near infrared light in a region near
first harmonic of water (1250 through 1800 nm), a spec-
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tral signal ascribed to molecular vibration is comparative-
ly large, on the other hand, transmittivity of light is poor,
and near infrared light in a region near second harmonic
of water (800 through 1300 nm) is provided with a char-
acteristic that a spectral signal ascribed to molecular vi-
bration is small, on the other hand, transmittivity of light
is excellent.

[0011] That is, when a signal of a biologic substance
constituting an object thereof is detected in a near infra-
red region, a problem occurs in that there are a number
of cases in which a signal in correspondence with a
change in a concentration of the biological substance
constituting the object is very small and ascription of the
signal is not clear. As a method of resolving such a prob-
lem, there is a statistically analyzing method, or multivar-
iate analyzing method (refer to, for example, JP-A-
10-325794 (pages 4-9, FIGS. 1-8)).

[0012] Although the analyzing methods are excellent
methods in detecting a small change in a signal and ac-
curately quantifying a substance, the methods do notim-
prove a signal to noise ratio (SN ratio) of a signal consti-
tuting an index of biological substance information con-
stituting the object.

[0013] As a method of improving the SN ratio, there is
used a method of making a change (variation) in a con-
centration of a biological substance constituting the ob-
ject clear by calculating a difference between areference
signal and a signal related to substance information con-
stituting the object, or a ratio thereof, or a method of re-
ducing a noise component by averaging signals meas-
ured by a plurality of times.

[0014] Further, when light transmitted and diffused in
the subject tissue by irradiating light to the subject is de-
tected, there is a case in which noise is increased by
superposing and measuring light which is not related to
information constituting an index of a condition of the
tissue scattered or reflected at a surface of the tissue of
the subject or input and output portions of light of a meas-
uring instrument other than an optical signal having in-
formation constituting the index of the condition of the
tissue of the subject.

[0015] As a measuring method for resolving such a
problem, there is a local diffuse reflectance method for
calculating a light absorbing degree of a substance from
a plurality of measured data substantially having different
diffusion light optical path lengths by changing a distance
between an irradiating point and a light receiving point
(refer to, for example, International Publication
W099/59464 (page 7, FIG. 1)).

[0016] According to the method, a plurality of optical
fibers are brought into direct contact with a surface of a
measuring portion of a subject, light is detected at a plu-
rality of portions in which irradiating positions and light
detecting positions spatially differ from each other and
therefore, detection of a noise signal generated by scat-
tering or reflecting light at the surface of the tissue of the
subject or at input and output sites of light of the meas-
uring instrument can be restrained.
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[0017] Further,thereis alsodisclosed a method of con-
stituting a plurality of light sources and detectors in a
shape of an array and irradiating and receiving light by
way of an optical fiber plate (refer to, for example, spec-
ification of USP No. 5893364 (pages 7-8, FIGS. 1-2)).
[0018] An optical characteristic of the tissue of the or-
ganism differs by an individual difference or aregion. The
difference in the optical characteristic effects a significant
influence on measuring accuracy. For example, when
there is the blood vessel or the like in an optical path, an
optical signalis varied by aninfluence of beat of the blood.
As a method constituting an object by achieving promo-
tion of measuring accuracy by restraining the optical
characteristic influence which differs by the individual dif-
ference or the region, there is a method of accurately
sampling desired information reflected with a condition
of the tissue of the subject by irradiating a plurality of
wavelengths of light, collecting an optical signal diffused,
transmitted or reflected in the subject at that occasion
and carrying out processing of cross correlation or the
like from the information (refer to, for example, JP-A-
10-325794 (pages 4-9, FIGS. 1-8)).

[0019] Further, as a method of restraining influence of
a difference of an optical characteristic by a difference
by positions, there is disclosed a method of taking an
image of a portion of a subject including a portion to be
irradiated with light to constitute image information by
using an image taking element of a charge coupled de-
vice or the like and controlling a position of irradiating
light to be the same at each time of measurement from
the image information (refer to, for example, JP-A-
11-128176 (pages 2-4, FIGS. 1-2)).

[0020] Further, it has been clarified that a measure-
ment result is varied depending on a temperature of a
portion to be measured and as a method of resolving the
problem, there is disclosed a method of controlling a tem-
perature of the measured site, a method of measuring
and correcting a temperature of the measured site (refer
to, forexample, JP-A-11-123195 (pages 3-4, FIGS. 4-8)).
[0021] Further, in order to efficiently make light invade
inside of the subject and promote a function of detecting
light reaching outside of the subject by being diffused,
transmitted or reflected in the subject, there is also a
method of improving a performance of bringing a subject
and a measuring apparatus into contact with each other
by using a manchette (compressing band) utilized in a
blood pressure meter or the like at input and output por-
tions of light and vicinities thereof.

[0022] With regard to a non-invasive measurement of
a composition or a concentration of a substance present
in the subject other than a glucose concentration (blood
glucose value), for example, an apparatus of measuring
ahemoglobin concentration in the capillary, an apparatus
for measuring an oxygen saturation degree or the like
has been putinto practice. Further, itis desired to develop
an apparatus of non-invasively and quantitatively meas-
uring various kinds of biological information starting from
cholesterol to neutral fat which are important organism
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substances related to life-style related diseases similar
to glucose.

[0023] In an apparatus optically measuring and ana-
lyzing noninvadingly information with regard to a compo-
sition or a concentration of a substance presentin a sub-
ject, or denaturing the subject tissue, a problem arises
in that a measured position or a measuring condition of
asubjectis varied at each measurement, a measurement
result differs depending on a position of a measured por-
tion owing to a difference of the tissue of the subject or
the like.

Disclosure of Invention

[0024] Itis an object of the invention to provide a living
body information measuring apparatus capable of accu-
rately carrying out a quantitative analysis or a qualitative
analysis of a tissue condition of a subject by swiftly and
accurately measuring optical information related to a
composition, a concentration of the body fluid or the tis-
sue of the subject, or a change in a physical property
thereof by preventing a failure of measurement owing to
the fact that a measured portion or a measuring condition
is improper.

[0025] The presentinvention provides a living body in-
formation measuring apparatus as recited in claim 1.
[0026] According to the invention, by controlling a
measured site such that the measured position is dis-
posed at an optimum location and optimizing a measur-
ing condition, promotion of a measurement accuracy of
a quantitative analysis or a qualitative analysis of a tissue
condition of the organism can be achieved by preventing
a failure of measurement owing to the fact that the meas-
ured location is improper.

Brief Description of Drawings
[0027]

FIG. 1 is a block diagram showing a constitution of
afirstembodiment of a living body information meas-
uring apparatus according to the invention.

FIG. 2 is a schematic view of a preparatory meas-
urement and position determination according to the
first embodiment of the invention.

FIG. 3 is a diagram showing a procedure of a pre-
paratory measurement processing according to the
first embodiment of the invention.

FIG. 4 is a diagram showing a procedure of a pre-
paratory measurement processing according to an
example useful for understanding the presentinven-
tion.

FIG. 5 is a block diagram showing a constitution of
a second embodiment of a living body information
measuring apparatus according to the invention.
FIG. 6 is a schematic view of a preparatory meas-
urement and irradiation intensity determination ac-
cording to the second embodiment of the invention.
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FIG. 7 is a diagram showing a procedure of a meas-
urement processing according to the second embod-
iment of the invention.
FIG. 8 is a diagram showing a procedure of a meas-
urement processing according to the second embod-
iment of the invention.
FIG. 9 is a diagram showing a procedure of a meas-
urement processing according to the second embod-
iment of the invention.
FIG. 10 is a diagram showing a procedure of a meas-
urement processing according to the second embod-
iment of the invention.

Best Mode for Carrying Out the Invention
(First Embodiment)

[0028] An explanation will be given of a first embodi-
ment of a living body information measuring apparatus
according to the invention in reference to the drawings
as follows.

[0029] FIG. 1isa block diagram showing a constitution
of a first embodiment of a living body information meas-
uring apparatus according to the invention.

[0030] A first embodiment uses a space disintegrated
diffusion and reflection method for calculating a light ab-
sorbing degree of a substance from a plurality of meas-
ured data substantially having different diffusion light op-
tical path lengths by changing a distance between an
irradiating point and a light receiving point described in
Patent Reference 3, and a method of utilizing a plurality
of wavelengths of light described in Patent Reference 2.
[0031] The living body information measuring appara-
tus 1 is provided with an interface portion 8, an optical
system 2, a data processing system 3, a display portion
4, a control portion 5, an operating portion 6 and a power
source portion 7.

[0032] The optical system 2includes alight source por-
tion 2-1. The light source portion 2-1 generates one or a
plurality of monochromatic light, or light near thereto. A
wave synthesizing portion 2-2 superposes light from the
light source portion 2-1 on the same optical axis. An ir-
radiating and light receiving portion 2-3 controls the op-
tical axis of light. Light from the irradiating and light re-
ceiving portion 2-3 is irradiated to a measured portion of
a subject 9 via the interface portion 8.

[0033] Light diffused, transmitted or reflected in the
subject 9 is received by the irradiating and light receiving
portion 2-3, received light is detected by a light detecting
portion 2-4 to convert it into an electric signal, and the
electric signal is amplified by a signal amplifying portion
2-5.

[0034] Atthis occasion, an intensity of an optical signal
detected from the signal amplifying portion 2-5 at a por-
tion diffused, transmitted or reflected in the subject 9 de-
pends on a rate of presence of a predetermined sub-
stance present in the subject 9 or a concentration thereof.
[0035] Inthe light source portion 2-1, a light source for
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generating monochromatic light used or light near thereto
is preferably a small-sized light emitting element of a
semiconductor laser (LD), a light emitting diode (LED) or
the like, and one or a plurality of the elements emitting
light by wavelengths thereof can be used.

[0036] The data processing system 3 converts the
electric signal amplified by the signal amplifying portion
2-5 of the optical system 2 into a digital signal to collect
at a date collecting portion 3-1, the electric signal being
subjected to signal processing by a signal processing
portion 3-2, calculates information with regard to a com-
position or a concentration of a substance present in the
subject 9, or denaturing of a subject tissue, and preserves
a result thereof at a data storing portion 3-3.

[0037] Further, according to the information with re-
gard to the composition or concentration of the subject
present in the subject 9, or denaturing of the tissue of the
subject 9, previously, in the subject or a desired group
of subjects, from measured data provided by a biologic
information measuring apparatus of the invention or a
standard method, by using a statistical analyzing method
or the like, a relationship between both of measured data
is formed into a mathematical model, and the information
is calculated in accordance with the mathematical model.
[0038] Thedisplay portion 4 includes a display lamp in
which a lighted color is changed to red/green, CRT or a
display of a panel type, and displays information proc-
essed by the signal processing portion 3-2, a position
determining portion 3-4 of the data processing system 3
as necessary. The display portion 4 indicates a result of
determining a position by the position determining portion
3-4, that is, acceptability of a determined irradiating po-
sition by the lighted color of the display light or a message
display of the display under control of the control portion
5. Atthedisplay of the display portion 4, there is displayed
the information with regard to the composition or the con-
centration of the subject present in the subject 9, or de-
naturing of the subject tissue processed by the signal
processing portion 3-2.

[0039] The acceptability of the determined irradiating
position is not limited to be indicated by light color of the
display lamp or the message display of the display, for
example, the acceptability may be indicated by voice or
vibration in accordance with the acceptability. Vibration
is generated by a vibrator driving circuit installed in the
vicinity of an irradiated portion or a measured portion.
[0040] The position determining portion 3-4 deter-
mines the acceptability of the light irradiating position
based on a light detecting signal of a preparatory meas-
uring period. Specifically, the position determining por-
tion 3-4 determines that the irradiating position is proper
when intensities of a plurality of light detecting signals
measured in the preparatory measuring period are con-
verged in a proper range. Further, the position determin-
ing portion 3-4 may additionally determine that the irra-
diating position is proper when a width of variation of the
detected signal of light is lower than a threshold. Prefer-
ably, the proper range or the threshold is classified to be
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used in accordance with optical characteristics with re-
gard to invasion/scattering/reflection of light of a meas-
ured portion, skin constitution (degree of dryness of skin)
of the subject, color of the skin, age or the like of the
subject. A plurality of proper ranges (or thresholds) are
related to a plurality of optical characteristics and stored
to a proper range storing portion 3-5. The control portion
5 reads the proper range (or threshold) in correspond-
ence with the inputted optical characteristic from the
proper range storing portion 3-5 by way of the operating
portion 6 to set it to the position determining portion 3-4.
[0041] Operation of the living body information meas-
uring apparatus 1 is carried out by the operating portion
6. As a method of operation, there can be used operating
means suitable for a user of the living body information
measuring apparatus 1 such as a keyboard, a mouse, a
button, a touch key panel, voice or the like.

[0042] The control portion 5 controls operation of the
living body information measuring apparatus 1 such as
the light source portion 2-1, the signal amplifying portion
2-5, the data collecting portion 3-1, the signal processing
portion 3-2, the data storing portion 3-3, the properrange
storing portion 3-5, the position determining portion 3-4,
the display portion 4, the power source portion 7 and the
like based on a signal or the like of the operating portion
6 operated by a user of the biologic information measur-
ing apparatus 1.

[0043] The power source portion 7 supplies power to
the signal amplifying portion 2-5, the display portion 4,
the control portion 5, further, the control portion 5 supplies
power to the data storing portion 3-3, the signal process-
ing portion 3-2, the data collecting portion 3-1, the proper
range storing portion 3-5, the position determining portion
3-4 as necessary.

[0044] FIG. 2 schematically shows an example of a
mechanism of a change in a signal by a measured portion
according to the embodiment. As shown by FIG. 2, a
structure of the skin of the human body is constituted by
the cutis, the corium, the hypoderm in this order from the
body surface. In the living body information measuring
apparatus 1 according to the invention, irradiated light
invades mainly from the cutis to a portion of the corium,
and a portion of light reflected or scattered in the proce-
dure is emitted to the body surface to be detected.
[0045] As shown by FIG. 2, the corium is provided with
the tissue of the blood vessel, the nerve, the sweat gland,
the pelage or the like, to show a complicated structure.
For example, when irradiating light of the living body in-
formation measuring apparatus 1 is irradiated to the
pelage portion and when the irradiated light is irradiated
to other portion, signal intensities detected from a differ-
ence in the optical characteristics of the tissues signifi-
cantly differ from each other. In this case, it is preferable
to irradiate irradiating light to a portion other than the
pelage portion.

[0046] At position A of FIG. 2, light transmits through
portions of the blood vessel and the nerve and therefore,
a signal is varied by an influence of, for example, beat of
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the blood flowing in the blood vessel. A preparatory
measurement is carried out before the actual measure-
ment. The preparatory measurement is repeated until an
instruction of stopping the preparatory measurement is
inputted by constituting one unit by a predetermined pe-
riod of 0.5 second or the like. In the predetermined period,
irradiation of light for the preparatory measurement and
detection of reflected light thereof or the like are repeated.
In the predetermined period, one set of light detecting
signals are acquired. When a signal intensity of at least
one of one set of the light detecting signals is deviated
from a proper range, it is determined that the position is
improper. At this occasion, the display light of the display
portion 4 is lighted in red color.

[0047] On the other hand, at position B, all of one set
of light detecting signals are converged into a proper
range. Itis determined that the position is proper. At this
occasion, the display light of the display portion 4 is light-
ed in green color. An operator can search a position at
which the display light of the display portion 4 is changed
from red color to green color while moving the interface
portion 8 or the like. For example, in this case, measure-
ment is carried out by light of a wavelength which is
changed depending on a concentration of hemoglobin,
for example, a wavelength between 500 nm and 1600
nm and an optimum measuring position is determined
from the result. Further, desired measurement of glucose
or the like can be carried out at the optimum measuring
position.

[0048] FIG. 3 and FIG. 4 show a procedure of process-
ing including a preparatory measurement of carrying out
measurement of an optical signal (hereinafter, referred
to as preparatory measurement), determining whether a
measured portion is suitable for measurement based on
the signal and finally displaying a result of the determi-
nation.

[0049] FIG. 3 shows a procedure when preparatory
measurement is carried out. Preparatory measurement
of 0.5 second or the like is repeated. In each preparatory
measurement period, light irradiation and light reception
are repeated by a predetermined number of times. There-
by, one set of light detecting signals are acquired. When
all of intensities of one set of light detecting signals are
converged in a proper range, it is determined that a light
irradiating position (or measuring position) is proper. At
that occasion, the control portion 5 controls the display
portion 4 to light the display light of the detecting portion
4 in green color.

[0050] On the other hand, when an intensity of at least
one light detecting signal of one set of the light detecting
signals is deviated from the proper range, it is determined
that a light irradiating position (or measuring position) is
not proper. Atthat occasion, the control portion 5 controls
the display portion 4 to light the display light of the display
portion 4 in red color. Here, in the preparatory measure-
ment, measurement may be carried out under the same
condition as that of the actual measurement or a wave-
length or an irradiating intensity may be changed from
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those of the actual measurement.

[0051] A point of FIG. 4 which differs from FIG. 3 re-
sides in determining acceptability of a position from a
signal variation of preparatory measurement in place of
the signal intensity of FIG. 3.

[0052] When variation of one set of light detecting sig-
nals acquired in the preparatory measurement period,
forexample, a difference between a maximum value and
a minimum value of a plurality of light detecting signals
is lower than a threshold, it is determined that the light
irradiating position (or measuring position) is proper (re-
fer to FIG. 6). At that occasion, the control portion 5 con-
trols the display portion 4 to light the display light of the
display portion 4 in green color. On the other hand, when
the variation of one set of the light detecting signals ac-
quired in the preparatory measurement period, for exam-
ple, the difference between the maximum value and the
minimum value of the plurality of light detecting signals
is the same as or exceeds the threshold, itis determined
that the light irradiating position (or measuring position)
is not proper. At that occasion, the control portion 5 con-
trols the display portion 4 to light the display lamp of the
display portion 4 in red color.

[0053] According to the present invention, it is deter-
mined whether the measured portion is acceptable or not
by using both of the signal intensity level and the signal
variation level shown in FIG. 3 and FIG. 4.

(Second Embodiment)

[0054] FIG. 5 is block diagram showing a constitution
of a second embodiment of a living body information
measuring apparatus according to the invention. A mov-
ing mechanism drive portion 14 is added to arrange with
an optical system horizontally movable portion 12 capa-
ble of moving the optical system 2, the optical system
horizontally movable portion 12 is added to arrange with
an optical system up and down movable portion 13 ca-
pable of moving the optical system horizontal movable
portion 12 including the interface portion 8, and the in-
terface portion 8 is added to arrange with a temperature
control portion 10 for controlling a temperature of a meas-
ured portion of the subject 9 and a temperature sensor
11 for measuring the temperature of the measured por-
tion.

[0055] The moving mechanism drive portion 14 is con-
stituted by, for example, a drive motor and a plurality of
gears, and can movably control the optical system hori-
zontal movable portion 12 and the optical system up and
down movable portion 13 by controlling a current applied
from the power source portion 7 to the drive motor by the
control portion 5.

[0056] The data processing system 3 is provided with
an irradiation intensity determining portion 3-6, a contact
pressure determining portion 3-7 along with the position
determining portion 3-4.

[0057] The temperature sensor 11 is embedded in the
interface portion 8 with the organism for measuring a
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temperature of the body surface of the subject. The tem-
perature sensor 11 is constituted by a thermoelectric
body, a thermistor or the like. The temperature control
portion 10 supplies a current to a Peltier element 15 con-
stituting a heat source attached to a bottom face portion
of the interface portion 8 in accordance with a tempera-
ture detected by the temperature sensor 11 such that the
temperature detected by the temperature sensor 11 be-
comes a temperature suitable for starting the actual
measurement. The interface portion 8 is constituted by,
for example, a metal material of aluminum or the like
having an excellent heat conductivity as a heat interface
member with the organism such that heat generated by
the Peltier element 15 is transferred to a total face of the
interface portion 8.

[0058] A procedure of a measurement processing us-
ing the constitution of the second embodiment according
to the invention will be shown as follows.

[0059] FIG. 6 schematically shows an example of a
mechanism of a change in a signal by a difference in an
irradiating intensity according to the embodiment. In ir-
radiating light of A in FIG. 6, light transmitted through a
portion of the blood vessel and therefore, a detecting
signal of detecting light of A to be detected is varied, and
a width of varying the signal is deviated from a predeter-
mined proper range. On the other hand, inirradiating light
at position B an irradiating intensity of which is made to
be lower than that at position A, a depth of irradiating
light invading the skin is reduced, and a variation in an
optical signal by a portion of the blood vessel is re-
strained. Therefore, the width of varying the detecting
signal of detecting light of B to be detected falls in the
predetermined proper range, and a stable signal can be
detected.

[0060] That is, by changing the irradiating intensity by
changing the current applied to the light source portion
2-1shown in FIG. 5, a depth of the irradiating light invad-
ing the skin is changed, for example, when the blood
vessel causing the variation in the signal is present at a
portion of an optical path of the deep portion of the or-
ganism, a variation in the optical signal can be restrained
by reducing the irradiation intensity.

[0061] FIG. 7 and FIG. 8 show a procedure of meas-
urement processing for carrying out preparatory meas-
urement for making the irradiating intensity proper and
preparatory measurement for making a contact pressure
proper based on a result of preparatory measurement of
the optical signal shown inthe first embodiment. The con-
trol portion 5 changes an irradiating position by control-
ling the moving mechanism drive portion 14 until the width
of varying one set of light detecting signals becomes low-
er than the predetermined threshold, that is, the meas-
uring position is determined to be proper in the position
determining portion 3-4.

[0062] When the measuring position is determined to
be proper, successively, operation of making the light
irradiating intensity proper at the position is started. Pre-
paratory measurement for making the light irradiating in-
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tensity proper at the position made to be proper is re-
peated.

[0063] As shown by FIG. 8, the irradiation intensity de-
termining portion 3-6 determines that irradiation intensity
is proper when a signal varying width of one set of light
detecting signals falls in a range of, for example, =1 %
which is a determination reference stricter than a deter-
mination reference for making the measuring position
proper, and determines that the irradiation intensity is
improper when the signal varying width does not fall in
the range. The control portion 5 controls the light source
portion 2-1in order to change the irradiation intensity little
by little until determining that the irradiation intensity is
proper.

[0064] When the irradiation intensity is determined to
be proper, successively, operation for making the contact
pressure of the interface portion 8 to the body surface of
the subject proper is started. Preparatory measurement
for making the contact pressure proper is repeated by
the position made to be proper and the irradiation inten-
sity made to be proper.

[0065] As shown by FIG. 10, the contact pressure de-
termining portion 3-7 determines that the contact pres-
sure is improper when a signal intensity of at least one
signal of one set of the light detecting signals becomes
higher than a threshold for determining the contact pres-
sure and determines that the contact pressure is proper
when the signal intensity of all of signals of one set of the
light detecting signals becomes lower than the threshold
for determining the contact pressure. The control portion
5 changes the contact pressure between the subject 9
and the interface portion 8 by using the optical system
up and down movable portion 13 until the contact pres-
sure is determined to be proper.

[0066] A condition of bringing the subject 9 and the
interface portion 8 into contact with each other is one
factor of changing a dynamic state of the blood flow of
the skin tissue portion, further, also a factor of changing
a depth of invasion of the irradiating light to the skin or
the intensity of the detecting signal of detecting light, by
the embodiment, an optimum contact pressure condition
is set in accordance with a measured portion for each
subject and the contact pressure is controlled based on
the condition.

[0067] For example, when a measured portion of the
subject 9is disposed at the forearm, the contact pressure
between the forearm and the interface portion 8 can be
determined to be 100 gf/cm?2.

[0068] When the measuring position, the irradiating in-
tensity, the contact pressure are determined to be proper,
successively, operation of making the body surface tem-
perature of the subject proper is started.

[0069] FIG. 9 shows a procedure of controlling a tem-
perature of a measured portion of the subject 9. In the
procedure of the measuring processing of FIG. 9, the
temperature control portion 10 for controlling a temper-
ature of a measured portion arranged in the vicinity of
the measuring portion of the subject 9 supplies a current
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to the Peltier element 15 until the body surface temper-
ature of the measured portion by the temperature sensor
11 substantially coincides with the temperature suitable
for measurement. There is carried out actual measure-
ment for acquiring information with regard to a composi-
tion or a concentration of a desired substance presentin
the subject 9, or denaturing of the subject tissue under
the condition.

[0070] Both of the measured portion of the subject 9
and the interface portion 8 depend on an environmental
temperature, also temperatures thereof differ from each
other and therefore, when the subject 9 is brought into
contact with the interface portion 8, a physiological var-
iation is applied to the subject 9 to constitute one factor
of changing the intensity of the detecting signal of detect-
ing light. The optimum temperature condition can be de-
termined by the embodiment.

[0071] When the measuring position, the irradiating in-
tensity, the contact pressure and the body surface tem-
perature are made to be proper as described above, the
actual measurement is started.

[0072] Although the description has been given of a
constitution of carrying out the actual measurement after
carrying out the preparatory measurement processing in
the above-described various explanation, so far as the
optimum measuring condition is acquired in the prepar-
atory measuring processing, the actual measurement
may naturally be constituted by the preparatory meas-
urement.

Industrial Applicability

[0073] According to the invention, there can be provid-
ed the living body information measuring apparatus ca-
pable of accurately carrying out a quantitative analysis
or a qualitative analysis of the tissue condition of the sub-
ject by swiftly and accurately measuring the composition,
the concentration of the body fluid or the tissue of the
subject, or optical information related to a change in the
physical property by preventing a failure of the measure-
ment owing to the fact that the measured portion or the
measuring condition is improper.

Claims
1. Aliving body measuring apparatus (1) including:

means for irradiating light (2-1) to a subject (9);
means for detecting light (2-4) from the subject;
means for acquiring information (3) with regard
to tissue condition on the subject based on a
detecting signal of the light; and

position determining means (3-4) configured to
determine an acceptability of a position of irra-
diating the light, characterized in that the po-
sition determining means are configured to de-
termine thatthe position is acceptable when dur-
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ing a preparatory measuring period, the intensity
level of the detecting signal of the light is within
a set range and when a width of variation of the
detecting signal of the light is lower than a
threshold, wherein during the preparatory meas-
uring period, irradiation of light for the prepara-
tory measurement and detection of reflected
light are repeated.

The living body information measuring apparatus (1)
according to claim 1, characterized by further in-
cluding means for indicating (4) the acceptability of
the determined irradiating position by a lighted color
of a display lamp or a message display of a display.

The living body information measuring apparatus (1)
according to claim 1, characterized by further in-
cluding means for indicating the acceptability of the
determined irradiating position by voice or a vibra-
tion.

The living body information measuring apparatus (1)
according to claim 1, characterized in that the in-
formation with regard to the tissue condition of the
subject is a body fluid component concentration in a
cell of an organism tissue, or outside the cell of the
organism tissue, the body fluid component concen-
trationis a glucose concentration, and in determining
the glucose concentration, light having a wavelength
selected at least from a region of 400 through 2500
nm is used.

The living body information measuring apparatus (1)
according to claim 4, characterized in that the body
fluid component concentration is a concentration of
haemoglobin included in the blood, and in determin-
ing the haemoglobin concentration, light having a
wavelength selected from at least a region of 500
through 2500 nm is used.

A living body information measuring apparatus ac-
cording to claim 1, further comprising:

a moving mechanism (14) for moving the light
irradiating portion (2-1) substantially in parallel
with the body surface of the subject (9); and
control means (5) for controlling the moving
mechanism (14) for moving the light irradiating
portion (2-1) when the position of irradiating the
light is determined to be improper.

A living body information measuring apparatus ac-
cording to claim 1. further comprising:

means for determining an acceptability of an irradi-
atingintensity (3-6) ofthe lightbased on the detecting
signal of the light.

The living body information measuring apparatus (1)
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according to claim 7, characterized by further in-
cluding control means (5) for controlling the light ir-
radiating means for changing an irradiating intensity
of the light when the irradiating intensity of the light
is determined to be improper.

A living body information measuring apparatus ac-
cording to claim 1, further comprising:

means for determining an acceptability of a contact
pressure (3-7) of the light irradiating portion to the
subject based on the detecting signal of the light.

The living body information measuring apparatus ac-
cording to claim 9, characterized by further includ-

ing:

a moving mechanism (14) for moving the light
irradiating portion in a direction of approach-
ing/separating from the subject; and

control means (5) for controlling the moving
mechanism for moving the light irradiating por-
tion when the contact pressure is determined to
be improper.

A living body information measuring apparatus ac-
cording to claim 1, further comprising:

means for detecting a temperature (11) of the
subject; and

means for determining an acceptability of the
detected temperature.

The living body information measuring apparatus ac-
cording to claim 11, characterized by further includ-

ing:

heating/heat absorbing means (15) for heating
the subject/absorbing heat from the subject; and
control means (16) for controlling the heat-
ing/heat absorbing means for changing the tem-
perature of the subject when the detected tem-
perature is determined to be improper.

The living body information measuring apparatus ac-
cording to claim 12, characterized in that the heat-
ing/heat absorbing means (15) includes a Peltier el-
ement.

Patentanspriiche

1.

Messvorrichtung (1) fiir einen lebenden Kérper, mit:

einem Mittel zum Ausstrahlen von Licht (2-1) an
ein Subjekt (9);

einem Mittel zum Detektieren von Licht (2-4) von
dem Subijekt;

einem Mittel zum Erfassen von Information (3)
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bezlglich eines Gewebezustands aufdem Sub-
jekt basierend auf einem Detektionslichtsignal;
und

einem Positionsbestimmungsmittel (3-4), das
konfiguriert ist zum Bestimmen einer Akzeptier-
barkeit einer Ausstrahlungsposition des Lichts,
dadurch gekennzeichnet, dass

das Positionsbestimmungsmittel konfiguriert ist
zum Bestimmen, dass die Position akzeptabel
ist, wenn wahrend einer Vorbereitungsmesspe-
riode der Intensitatspegel des Detektionssig-
nals des Lichts innerhalb eines festgelegten Be-
reichs ist, und wenn eine Abweichungsbreite
des Detektionslichtsignals kleiner ist als ein
Schwellenwert, wobei wéahrend der Vorberei-
tungsmessperiode das Ausstrahlen von Lichtfir
die Vorbereitungsmessung und die Detektion
des reflektierten Lichts wiederholt werden.

Informationsmessvorrichtung (1) fur einen lebenden
Korper nach Anspruch 1, gekennzeichnet durch
ein Mittel zum Anzeigen der Akzeptierbarkeit der be-
stimmten Ausstrahlungsposition durch Leuchtfarbe
auf einer Anzeigenlampe oder eine Nachrichtenan-
zeige auf einer Anzeige.

Informationsmessvorrichtung (1) fur einen lebenden
Korper nach Anspruch 1, gekennzeichnet durch
ein Mittel zum Anzeigen der Akzeptierbarkeit der be-
stimmten Ausstrahlungsposition durch Sprache
oder Vibration.

Informationsmessvorrichtung (1) fur einen lebenden
Korper nach Anspruch 1, dadurch gekennzeich-
net, dass die Information bezlglich des Gewebezu-
stands des Subjekts eine Kérperflissigkeitskompo-
nentenkonzentration in einer Zelle eines organi-
schen Gewebes oder aullerhalb der Zelle des orga-
nischen Gewebes ist, wobei die Kérperflissigkeits-
komponentenkonzentration eine Glukosekonzent-
ration ist, und bei der Bestimmung der Glukosekon-
zentration Licht verwendet wird, das eine Wellenlan-
ge aufweist, die mindestens von einem Bereich von
400 bis 2500 nm ausgewahlt ist.

Informationsmessvorrichtung (1) fur einen lebenden
Kérper nach Anspruch 4, dadurch gekennzeich-
net, dass die Korperflissigkeitskomponentenkon-
zentration eine Konzentration von Hamoglobin ist,
das in dem Blut enthalten ist, und bei der Bestim-
mung der Hamoglobinkonzentration Licht verwen-
detwird, das eine Wellenlange aufweist, die mindes-
tens von einem Bereich von 500 bis 2500 nm aus-
gewahlt ist.

Informationsmessvorrichtung fiir einen lebenden
Korper nach Anspruch 1, ferner mit:
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einem Bewegungsmechanismus (14) zum Be-
wegen des Lichtausstrahlungsbereichs (2-1) im
Wesentlichen parallel zu der Korperflache des
Subjekts (9); und

einem Steuerungsmittel (5) zum Steuern des
Bewegungsmechanismus (14) zum Bewegen
des Lichtausstrahlungsbereichs (2-1), wenn die
Ausstrahlungsposition des Lichts als ungeeig-
net bestimmt ist.

Informationsmessvorrichtung fiir einen lebenden
Korper nach Anspruch 1, ferner mit:
einem Mittel zum Bestimmen einer Akzeptierbarkeit
einer Ausstrahlungsintensitat (3-6) des Lichts basie-
rend auf dem Detektionslichtsignal.

Informationsmessvorrichtung (1) fiir einen lebenden
Korper nach Anspruch 7, ferner gekennzeichnet
durch ein Steuerungsmittel (5) zum Steuern des
Lichtausstrahlungsmittels zum Andern einer Aus-
strahlungsintensitat des Lichts, wenn die Ausstrah-
lungsintensitat des Lichts als ungeeignet bestimmt
ist.

Informationsmessvorrichtung fiir einen lebenden
Korper nach Anspruch 1, ferner mit:

einem Mittel zum Bestimmen einer Akzeptierbarkeit
eines Kontaktdrucks (3-7) des Lichtausstrahlungs-
bereichs mit dem Objekt basierend auf dem Detek-
tionslichtsignal.

Informationsmessvorrichtung fiir einen lebenden
Ko&rper nach Anspruch 9, gekennzeichnet durch:

einen Bewegungsmechanismus (14) zum Be-
wegen des Lichtausstrahlungsbereichs in eine
Richtung des Annadherns/Entfernens an/von
dem Subijekt; und

ein Steuerungsmittel (5) zum Steuern des Be-
wegungsmechanismus zum Bewegen des
Lichtausstrahlungsbereichs, wenn der Kontakt-
druck als ungeeignet bestimmt ist.

Informationsmessvorrichtung fiir einen lebenden
Korper nach Anspruch 1, ferner mit:

einem Mittel zum Detektieren einer Temperatur
(11) des Subjekts; und

einem Mittel zum Bestimmen einer Akzeptier-
barkeit der detektierten Temperatur.

Informationsmessvorrichtung fiir einen lebenden
Korper nach Anspruch 11, gekennzeichnet durch:

ein Hitze/Warme-Absorptionsmittel (15) zum
Erwarmen des Subjekts/Absorbieren von War-
me von dem Subjekt; und

ein Steuerungsmittel (16) zum Steuern des
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Heiz/Warme-Adsorptionsmittels zum Andern
der Temperatur des Subjekts, wenn die detek-
tierte Temperatur als ungeeignet bestimmt ist.

13. Informationsmessvorrichtung fir einen lebenden

Korper nach Anspruch 12, dadurch gekennzeich-
net, dass das Hitze/Warme-Absorptionsmittel (15)
ein Peltier-Element aufweist.

Revendications

Appareil pour mesurer des données d’un organisme
vivant (1) incluant :

des moyens pourirradier de la lumiére (2-1) vers
un sujet (9),

des moyens pour détecter la lumiere (2-4) pro-
venant du sujet,

des moyens pour acquérir des données (3) con-
cernant un état des tissus du sujet basées sur
un signal de détection de lumiére, et

des moyens de détermination de position (3-4)
configurés pour déterminer une acceptabilité
d’'une position d’irradiation de lumiére,
caractérisé en ce que les moyens de détermi-
nation de position sont configurés pour détermi-
ner que la position est acceptable si, pendant
une période de mesure préparatoire, I'intensité
du signal de détection de lumiére s’inscrit dans
une gamme prédéterminée et si une amplitude
de variation du signal de détection de lumiére
est inférieure a une valeur seuil, l'irradiation de
lumiére pour la mesure préparatoire et la détec-
tion de la lumiére réfléchie étant répétées pen-
dant la période de mesure préparatoire.

Appareil pour mesurer des données d’un organisme
vivant (1) selon la revendication 1, caractérisé en
ce qu’il comprend en outre des moyens pour indi-
quer (4) 'acceptabilité de la position d’irradiation dé-
terminée par un témoin lumineux coloré d’'un voyant
ou l'affichage d’'un message sur un écran.

Appareil pour mesurer des données d’un organisme
vivant (1) selon la revendication 1, caractérisé en
ce qu’il comprend en outre des moyens pour indi-
quer I'acceptabilité de la position d’irradiation déter-
minée par une voix ou une vibration.

Appareil pour mesurer des données d’un organisme
vivant (1) selon la revendication 1, caractérisé en
ce que les données concernant I'état des tissus du
sujet sont une concentration d’un constituant de flui-
de corporel dans une cellule d’un tissu de I'organis-
me ou a I'extérieur de la cellule d’un tissu de 'orga-
nisme, la concentration d’'un constituant de fluide
corporel est une concentration de glucose, et pour
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la détermination de la concentration de glucose, on
utilise une lumiere ayant une longueur d’onde sélec-
tionnée dans une gamme de 400 a 2500 nm.

Appareil pour mesurer des données d’un organisme
vivant (1) selon la revendication 4, caractérisé en
ce que la concentration d'un constituant de fluide
corporel est une concentration d’hémoglobine dans
le sang, et pour la détermination de la concentration
d’hémoglobine, on utilise une lumiere ayant une lon-
gueur d’'onde sélectionnée dans une gamme de 500
a 2500 nm.

Appareil pour mesurer des données d’'un organisme
vivant selon la revendication 1, comprenant en
outre :

un mécanisme de déplacement (14) destiné a
déplacer la partie d’irradiation de lumiére (2-1)
sensiblement en paralléle avec la surface cor-
porelle du sujet (9), et

des moyens de commande (5) destinés a com-
mander le mécanisme de déplacement (14)
pour déplacer la partie d’irradiation de lumiére
(2-1) lorsque la position d’irradiation de lumiere
est déterminée comme étant inadéquate.

Appareil pour mesurer des données d’un organisme
vivant selon la revendication 1, comprenant en
outre :

des moyens pour déterminer une acceptabilité d’'une
intensité d’irradiation (3-6) de la lumiére en fonction
du signal de détection de la lumiére.

Appareil pour mesurer des données d’'un organisme
vivant (1) selon la revendication 7, caractérisé en
ce qu’il inclut en outre des moyens de commande
(5) pour commander les moyens d’irradiation de lu-
miére afin de modifier l'intensité d’irradiation de la
lumiére lorsque l'intensité d’irradiation de la lumiére
est déterminée comme étant inadéquate.

Appareil pour mesurer des données d’un organisme
vivant selon la revendication 1, comprenant en
outre :

des moyens pour déterminer une acceptabilité d’'une
pression de contact (3-7) de la partie d’irradiation de
lumiere sur le sujet en fonction du signal de détection
de la lumiére.

Appareil pour mesurer des données d’'un organisme
vivant selon la revendication 9, caractérisé en ce
qu’il comprend en outre :

un mécanisme de déplacement (14) destiné a
déplacer la partie d’irradiation de lumiére dans
une direction d’approche / d’éloignement du su-
jet, et
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des moyens de commande (5) destinés a com-
mander le mécanisme de déplacement pour dé-
placer la partie d’irradiation de lumiére lorsque
la pression de contact est déterminée comme
étant inadéquate.

Appareil pour mesurer des données d’un organisme
vivant selon la revendication 1, comprenant en
outre :

des moyens pour détecter la température (11)
du sujet, et

des moyens pour déterminer une acceptabilité
de la température détectée.

Appareil pour mesurer des données d’un organisme
vivant selon la revendication 11, caractérisé en ce
qu’il comprend en outre :

des moyens de chauffage / d’absorption de cha-
leur (15) pour réchauffer le sujet / absorber la
chaleur du sujet ; et

des moyens de régulation (16) pour réguler les
moyens de chauffage / d’absorption de chaleur
afin de modifier la température du sujet lorsque
latempérature détectée est déterminée comme
étant inadéquate.

Appareil pour mesurer des données d’un organisme
vivant selon la revendication 12, caractérisé en ce
que les moyens de chauffage / d’absorption de cha-
leur (15) comprennent un élément Peltier.
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