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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to technique for
optical measurement, particularly relates to technique for
measuring the information of the inside of a living body
using light.

2. Description of the Related Art

[0002] Living body measuring technique using near in-
frared rays is applied to the measurement of a brain func-
tion. In Japanese Patent Application Laid-Open No.
9-098972, technique for simultaneously measuring a
brain function at multiple points using rays of two wave-
lengths is disclosed and is used for measuring technique
for imaging a brain function.
[0003] As shown in Fig. 2, the intensity change of trans-
mitted light is measured by detecting light 2-1 radiated
from the upside of a head skin 2-3 as detected light 2-2
at an apart point again. Based upon the change, the
change of the concentration of hemoglobin in a brain cor-
tex 2-5 between the radiated point and the detected point
can be calculated. A reference number 2-4 in Fig. 2 de-
notes a skull and 2-6 denotes a measured middle part.
Hemoglobin is classified into oxygenated hemoglobin
and deoxidized hemoglobin depending upon an oxygen-
ated state, however, as shown in Fig. 3, as respective
absorption spectrums (absorption coefficients) 3-1, 3-2
are different, the change in the concentration of each
hemoglobin can be independently measured by using
rays of different two wavelengths. Heretofore, wave-
lengths of 780 nm (3-3) and 830 nm (3-4) have been
often used.
[0004] An expression for calculating the change in
each concentration of oxygenated hemoglobin and de-
oxidized hemoglobin is disclosed in Japanese Patent Ap-
plication Laid-Open No. 9-098972 and on pages 1997 to
2005 of Medical Physics, 1995 No. 22 for example. As
a blood oxidized state locally changes as a brain is acti-
vated, the change in each concentration of oxygenated
hemoglobin and deoxidized hemoglobin is used for one
of indexes showing the activity of a nerve.
[0005] It is disclosed on pages 1108 to 1114 of Medical
Physics, 2001 No. 28 vol. 6 that in the method of meas-
uring metabolism in a living body, the degree of an error
varies depending upon a measuring wavelength. On the
pages, an error of measurement in case a wavelength
combined with 830 nm is shorter than conventional 780
nm in measurement in which distance (30 mm) between
irradiation and detection is fixed is discussed. When a
wavelength of 780 nm is made shorter in case it is sup-
posed that the intensity of transmitted light and the mag-
nitude of noise included in the intensity of transmitted
light do not depend upon a wavelength, an absorption

coefficient for deoxidized hemoglobin is increased and
an error of the change in the concentration of hemoglobin
in measurement is reduced. Fig. 4 shows the dependen-
cy theoretically shown of an error in measurement upon
a wavelength. The x-axis shows the other measuring
wavelength in case one measuring wavelength is fixed
to 830 nm and the y-axis shows an error in measurement
(the amplitude of noise). A reference number 4-3 denotes
a wavelength of 780 nm often used heretofore. In Fig. 4,
on the supposition that the magnitude of noise included
in an original signal (a transmitted light signal) is fixed in
each wavelength, an error in measurement (shown by a
dotted line 4-1) of oxygenated hemoglobin and an error
in measurement (shown by a full line 4-2) of deoxidized
hemoglobin are shown. The validity of the theoretical pre-
diction is verified in the measurement of a parietal region
(the number of a living body = 1).
[0006] As described above, a tendency that an error
in measurement is reduced by using light of a shorter
wavelength than 780 nm which has been often used in
conventional type measurement equipment is known.
[0007] A method of selecting a wavelength suitable for
measuring metabolism in a body is disclosed in Japanese
Patent Application Laid-Open No. 7-222736 for example.
In the patent application, a method of selecting a wave-
length based upon a method of measuringnot reflected
light but light transmitted in a body and in consideration
of the size of an object to be measured, that is, distance
between irradiation and detection is proposed. For a con-
dition to be a selection criterion, there are the following
two conditions of a condition for precisely measuring an
oxygenated state of hemoglobin and a condition for ac-
quiring full transmitted luminous energy.

1) In case light of a wavelength in which difference
between the absorbed amount of oxygenated hemo-
globin and that of deoxidized hemoglobin is large is
used, the change of an oxygenated state of hemo-
globin can be precisely detected. Therefore, short
wavelengths of approximately 600 nm are suitable.
2) To detect full transmitted luminous energy, a
wavelength having high light transmittance in a body
is required. Therefore, long wavelengths of the latter
half of 700 nm to 900 nm are suitable.

[0008] As wavelengths that meet each condition de-
scribed above are different, a method of selecting an op-
timum wavelength according to distance between irradi-
ation and detection which is one cause which varies
transmitted luminous energy in consideration of both
conditions is disclosed in the above patent application.
[0009] In a method of measuring information inside a
body using reflected light, measurement in the same
depth is required and in addition, in case plural meas-
urement points are set and imaging is required, a meas-
uring method in which distance between irradiation and
detection is fixed is adopted. Therefore, in prior art in
which a wavelength was selected according to the vari-
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ation of distance between irradiation and detection, a
fixed measuring wavelength was always used.
[0010] However, as a result of measuring various re-
gions, a wavelength suitable for reducing an error in
measurement is different in regions different in a tissue
even in measurement in case distance between irradia-
tion and detection is the same. In case a shorter wave-
length is used for a wavelength combined with 830 nm,
an error in measurement is gradually reduced up to a
wavelength of a certain value, however, an error increas-
es from the wavelength of the certain value.
[0011] It is known that for example, the tissues of a
body represented by a bone and a skin have different
optical properties (an absorption coefficient and a light
scattering coefficient). In the human head, the thickness
of a bone, a skin and a muscle is different depending
upon a region and an optical property is different every
region. Therefore, a system for selecting a wavelength
according to the distance between irradiation and detec-
tion has a problem that a precise signal cannot be ac-
quired.
[0012] EP-A-0 762 109 describes a method for meas-
uring lactic acid. It is suggested to select the optical meas-
urement wavelength with respect to its absorbance char-
acteristics determined by a pre-measurement.
[0013] US-A-5 596 987 discloses an optical coupler
for in vivo examination of biological tissue.

SUMMARY OF THE INVENTION

[0014] Then, the object of the invention is to provide
optical technique for measuring metabolism in a body
that enables the further reduction of an error in measure-
ment even if distance between irradiation and detection
is fixed.
[0015] The object is met by the device defined in the
appended claims. A light source of a wavelength accord-
ing to the tissue in a measurement region of a living body
and an optical property is selected out of plural light
sources having different wavelengths. Or a wavelength
variable light source that can radiate an arbitrary wave-
length is provided and a wavelength according to the
tissue of a measurement region of a living body and an
optical property is selected.
[0016] Fig. 1 shows the basic concept of the invention.
A measurement region of a living body is classified and
different measuring wavelengths are set according to the
classification. To explain the head of a living body for an
example, the head is classified into four regions of a pa-
rietal region 1-1, a frontal region 1-2, a temporal region
1-3 and an occipital region 1-4 and wavelengths accord-
ing to respective tissues are set in a wavelengths selec-
tion system 1-6. In measurement, a wavelength accord-
ing to each measurement region is selected by multiple
wavelengths light radiation means 1-5.
[0017] Light of a selected wavelength is modulated by
a predetermined frequency for each position so that a
signal can be separated according to plural measure-

ment points and is sent to respective optical couplers. In
each optical coupler, the modulated light is mixed with a
light signal of a different wavelength and is sent to an
optical fiber for radiation. The mixed wavelength shall be
a wavelength selected out of plural light sources having
different wavelengths or a wavelength selected by a
wavelength variable light source or a fixed wavelength
radiated from a fixed light source.
[0018] The mixed light from the optical fiber for radia-
tion is radiated on the living body and a transmitted light
signal from the living body is detected by an optical fiber
for detection. After the detected light signal is converted
to an electric signal, a signal is detected using a modu-
lation frequency for the selected light signal by a demod-
ulator. These signals are recorded and the change of the
concentration of hemoglobin is calculated. Based upon
the change, an image showing the activity of a brain is
acquired.
[0019] In case a wavelength is to be set more precisely,
it may be also determined in consideration of other char-
acteristics of a body such as race, age and the distinction
of sex.
[0020] Besides, in the invention, before real measure-
ment, premeasurement is made using plural light sourc-
es having different wavelengths, an error for the variation
of the concentration of hemoglobin is calculated and a
wavelength is selected based upon the error. From a
viewpoint of transmittance for a body, a wavelength of
600 to 900 nm is used for the premeasurement.
[0021] In case premeasurement is made at plural
measurement points, light is modulated by a predeter-
mined frequency according to each measurement point
and is sent to an optical coupler. A mixed light signal is
sent to an optical fiber for radiating light and is radiated
on a measurement region. A light signal from the meas-
urement region is detected by an optical fiber for detec-
tion and after the light signal is converted to an electric
signal, a signal is detected utilizing a modulation frequen-
cy for the selected light signal by a demodulator. Based
upon the detected light signal, the change in the concen-
tration of hemoglobin in the combination of respective
wavelengths and its error are calculated. A wavelength
used in real measurement is selected by comparison in
the magnitude of an error.
[0022] Light of a wavelength selected based upon the
result of the premeasurement is modulated by a prede-
termined frequency in each position so that a signal can
be separated according to plural measurement points
and is sent to respective optical couplers. In each optical
coupler, the modulated light is mixed with a light signal
of a different wavelength and is sent to the optical fiber
for radiation. The mixed wavelength shall be a selected
wavelength out of plural light sources having different
wavelengths or a wavelength selected by a wavelength
variable light source or a fixed wavelength radiated from
a fixed light source. Mixed light from the optical fiber for
radiation is radiated on a body and the transmitted light
signal from the body is detected by the optical fiber for
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detection. After the detected light signal is converted to
an electric signal, a signal is detected using a modulation
frequency for the selected light signal by the demodula-
tor. These signals are recorded and the change in the
concentration of hemoglobin is calculated. Based upon
the change, an image showing the activity of a brain is
acquired.
[0023] The effect of making the premeasurement be-
fore the real measurement is as follows. In the measure-
ment using multiple wavelengths, as the quantity of data
to be recorded and processed increases according to the
number of wavelengths, the cost is increased. Therefore,
the reduction of the cost can be realized by selecting
used wavelengths based upon the result of the premeas-
urement for a short time and minimizing the number of
wavelengths. To further reduce the cost, the premeas-
urement can be also made not at all measurement points
but at only representative measurement positions.
[0024] A reason for selecting different wavelengths ac-
cording to a measurement region of a body according to
the invention will be described below.
[0025] It is found as a result of the measurement of
various regions that a wavelength suitable for reducing
an error in measurement is different depending upon a
measurement region of a body. As a result of reviewing
a wavelength which increases an error in measurement
in a certain region, it is found out that the intensity of
transmitted light is reduced and noise is increased. It is
conceivable that as the absorption of all hemoglobin is
increased by shortening a wavelength, the absorbed
amount of light in a skin, a skull and a brain is increased
and the detected intensity of transmitted light attenuates.
As an amplification factor by a signal amplifier is in-
creased according to the decrease of the intensity of
transmitted light, noise made by the amplifier included in
the detected intensity of transmitted light is also in-
creased. That is, as noise included in the intensity of
transmitted light is increased according to shortening a
wavelength, an actual error in measurement has a ten-
dency for a shorter wavelength to deviate more from a
theoretical curve (shown in Fig. 4). Therefore, the final
effect of the reduction of an error in measurement is de-
termined by both a theoretical error in measurement de-
termined by the absorption coefficient of each wave-
length and noise included in the actual intensity of trans-
mitted light different depending upon a measurement re-
gion.
[0026] As described above, it is found that even if dis-
tance between irradiation and detection is the same, a
wavelength that reduces an error in measurement cannot
be uniformly selected. In a conventional type method of
setting a wavelength according to distance between ir-
radiation and detection, only a fixed wavelength is used
in case distance between irradiation and detection is the
same. Therefore, even if a wavelength for which the re-
duction of an error in measurement is predicted based
upon distance between irradiation and detection is used,
noise included the intensity of transmitted light exceeds

the effect of the reduction of an error in measurement
predicted based upon its absorption coefficient and the
error may increase. Conversely, in case noise included
in the intensity of transmitted light is small, only a wave-
length according to distance between irradiation and de-
tection is selected even if a wavelength that further re-
duces an error in measurement can be used.
[0027] It is known that the tissue of a body represented
by a bone and a skin has a different optical property (an
absorption coefficient and a light scattering coefficient).
It is found that the human head is different in the thickness
of a bone, a skin and a muscle depending upon a region
and an optical property is different every region. There-
fore, even if light of the same wavelength is radiated, the
intensity of transmitted light and noise included in the
intensity of transmitted light are different depending upon
a measurement region. As a wavelength suitable for re-
ducing an error in measurement is different depending
upon a measurement region, a method of selecting a
wavelength in consideration of difference in a measure-
ment region is required even if distance between irradi-
ation and detection is fixed.
[0028] Besides, a personal error is large depending
upon a measurement region and even if the same region
is measured using the same wavelength, a case that an
error is reduced and a case that an error is not reduced
exist. In the Japanese Patent Application Laid-Open No.
7-222736, the method of measuring the intensity of trans-
mitted light beforehand and selecting a used wavelength
is disclosed, however, it is judged only whether meas-
urement using the wavelength is possible based upon
the intensity of transmitted light or not. As both the ab-
sorption coefficient into hemoglobin of a wavelength and
the magnitude of noise included in the intensity of trans-
mitted light have an effect upon an error in measuring
the change of the concentration of hemoglobin to be
measured, the evaluation of a wavelength based upon
only the intensity of transmitted light is not sufficient.
[0029] Therefore, even if a used wavelength is a wave-
length having the intensity of transmitted light judged to
be insufficient for measurement, a case that the effect of
the reduction of an error by an absorption coefficient is
large and the precision of measurement is enhanced ex-
ists. In such a case, a method of selecting a wavelength
in consideration of both the magnitude of noise included
in a transmitted light intensity signal and an error in meas-
urement predicted based upon the absorption coefficient
of a measuring wavelength in addition to the intensity of
transmitted light is important.
[0030] As described above, according to the invention,
even if distance between irradiation and detection is
fixed, measurement technique in which a wavelength ac-
cording to each measurement region can be selected in
consideration of difference in an optical property caused
by the difference of a tissue is realized and besides, op-
tical technique for measuring metabolism in a body in
which a wavelength can be selected based upon an error
in measuring the change in the concentration of hemo-
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globin to be measured is realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 shows a basic concept of the invention;
Fig. 2 is a schematic drawing showing the basic prin-
ciple of brain function measuring technique using
light;
Fig. 3 shows each absorption spectrum of oxygen-
ated hemoglobin and deoxidized hemoglobin and a
measuring wavelength often used in an optical sys-
tem for measuring metabolism in a body;
Fig. 4 shows the dependency theoretically acquired
upon a wavelength of an error in measurement;
Fig. 5 explains the configuration of an optical system
equivalent to a first embodiment useful to under-
stand the invention;
Fig. 6 shows an example of a wavelength selecting
screen in the first embodiment ;
Fig. 7 shows another example of the wavelength se-
lecting screen in the first embodiment;
Fig. 8 shows difference depending upon a measur-
ing wavelength in an error in measuring deoxidized
hemoglobin as a result of measuring a representa-
tive living body;
Fig. 9 explains the configuration of an optical system
equivalent to a second embodiment useful to under-
stand the invention;
Fig. 10 explains the configuration of an optical sys-
tem equivalent to a third embodiment useful to un-
derstand the invention;
Fig. 11 explains the configuration of an optical sys-
tem equivalent to a fourth embodiment useful to un-
derstand the invention;
Fig. 12 shows a wavelength selecting screen equiv-
alent to a fifth embodiment of the invention;
Fig. 13 explains the configuration of an optical sys-
tem equivalent to a sixth embodiment of the inven-
tion;
Fig. 14 shows difference depending upon a meas-
uring wavelength in an error in measuring deoxidized
hemoglobin as a result of measuring metabolism in
a body having a different tendency from the repre-
sentative living body;
Fig. 15 shows an example of a wavelength selecting
screen equivalent to a seventh embodiment useful
to understand the invention;
Fig. 16 shows another example of the wavelength
selecting screen equivalent to the seventh
embodiment ;
Fig. 17 shows a process for selecting a set wave-
length in the embodiments;
Fig. 18 shows another process for selecting a set
wavelength in the embodiments; and
Fig. 19 shows a flow of main measurement after a
wavelength is selected in the invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0032] Referring to the drawings, embodiments of the
invention will be described in detail below.
[0033] The gist of the present invention to select the
measurement wavelengths by a control device based on
the result of a premeasurement of the living body is ex-
plained with reference to embodiments 5 and 6. The other
embodiments explain alternatives of the claimed photo-
metric device which do not fall under the scope of claim
1, but are useful to understand the invention.

First Embodiment

[0034] A first embodiment useful to understand the in-
vention will be described, referring to the configuration
of a system shown in Fig. 5 below. The system equivalent
to this embodiment is provided with a controller 5-3
formed by an electronic computer represented by a per-
sonal computer and a workstation, plural light sources
different in a wavelength (in this embodiment, four light
sources different in a wavelength 5-5 (678 nm), 5-6 (692
nm), 5-7 (780 nm) and 5-8 (830 nm) are provided), mod-
ulators 5-4 that modulate light from the plural light sourc-
es by different frequencies, a light selecting switch 5-9
controlled according to a transmitted signal from the con-
troller 5-3 via a cable 5-10, an optical coupler 5-11 that
couples light having one wavelength (in this embodiment,
830 nm from the light source 5-8) modulated by the mod-
ulator 5-4 and light having a wavelength selected by the
optical switch 5-9, plural light radiating means for radiat-
ing light from the optical coupler 5-11 in different positions
on a head skin of a living body 5-18 via an optical fiber
for radiating light 5-13, plural optical fibers for detecting
light 5-14 provided so that each end of which is located
in a position apart by equal distance (in this embodiment,
30 mm) from each position in which light is radiated by
the plural light radiating means, plural light receiving
means formed by optical detectors 5-12 provided to re-
spective optical fibers and a lock-in amplifier 5-1 to which
a modulation frequency from the modulator 5-4 is input
as a reference signal.
[0035] In this embodiment, plural light signals are de-
tected at one point, however, a signal from any radiated
position is differentiated by using the modulators. Except
a method of separating plural light signals as described
above, light signals can be also separated using pulse
light without using the modulators at lighting timing.
[0036] Besides, only one wavelength is selected from
the plural light sources, however, both wavelengths may
be also selected from the plural light sources.
[0037] In Fig. 5, a white circle (s) shown on the living
body 5-18 denotes a light radiated position where the
optical fiber for radiating light is arranged (in this embod-
iment, four locations), a black circle (M) denotes a light
detected position where the optical fiber for detecting light
is arranged (in this embodiment, five locations), and the
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light radiated position and the light detected position are
alternately arranged. Each measurement position 5-15
is located at a substantial middle point between each
light radiated position and the adjacent light detected po-
sition (in this embodiment, twelve locations).
[0038] In Fig. 5, only the configuration in one meas-
urement position 5-15 of the system for measuring is
shown in a frame 5-16, however, the configuration in an-
other measurement position is also similar (for example,
the contents of the frame 5-16 are the same as those of
a frame 5-17).
[0039] In this embodiment, the living body is classified
into regions and the controller selects the combination
of wavelengths according to a region. Fig. 6 shows one
example of an interface screen to be operated by an ex-
perimenter. When "Region Selection" is selected in a
pull-down menu 6-1, radio buttons for setting living body
type 6-2 and measurement region 6-3 are displayed.
When the corresponding buttons are selected according
to a living body type and a measurement region, optimum
wavelengths for a measured object are selected accord-
ing to a fixed rule and are displayed in a part 6-4 in which
a wavelengths pair is displayed. For example, when
"Adult" and "Temporal Region" are selected, "692/780
nm" is selected.
[0040] The rule for selection can be set based upon
research to be a database using a magnetic resonance
imaging method and can be arbitrarily set based upon
the experiential knowledge of experimenters and the re-
sult of simulation. For the setting of the rule, there are
both a case that only a developer of software can set the
rule and a case that each user can arbitrarily set the rule.
[0041] As shown in Fig. 7, for example, "Region Se-
lection" is selected in a pull-down menu 7-1, "Adult" is
set by selecting a radio button 7-2, a measurement region
is input every measurement channel in a pull-down menu
7-3 and suitable wavelengths can be also set in a display
part 7-4. In case a large region to some extent is meas-
ured, different wavelengths are required to be set every
measurement channel as shown in Fig. 7.
[0042] A wavelength determined by the controller is
transmitted to the wavelength selecting switch 5-9 via
the cable 5-10 and is selected there. After light of the
wavelength is mixed with light 5-8 of 830 nm in the coupler
5-11, the mixed light is radiated on a predetermined light
radiated position via the light radiating means 5-13. Light
transmitted in the body transmitted from an adjacent light
detected position via the fiber for detecting light 5-14 is
converted to an electric signal by the optical detector
5-12. The optical detector is a device for detecting light
reflected inside the living body and returned and convert-
ing it to an electric signal and for example, a photoelectric
conversion device represented by an avalanche diode is
used. The transmitted light signal converted to the elec-
tric signal by the optical detector is input to the lock-in
amplifier 5-1.
[0043] As each optical detector 5-12 detects incident
light from plural irradiation points located at equal dis-

tance from the detector and further, different two wave-
lengths are mixed in each incident light, the transmitted
light signal is required to be separated every measure-
ment position and every wavelength. As a modulation
frequency from each modulator 5-4 is input to the lock-
in amplifier 5-1 as a reference frequency, living body
transmitted light intensity corresponding to an individual
light source is separated and can be output.
[0044] After a separated transmitted signal of each
wavelength which is output from the lock-in amplifier is
converted from an analog signal to a digital signal in an
A/D converter 5-2, it is input to the controller 5-3 and is
stored there. The change in the concentration of hemo-
globin in each measurement region is calculated based
upon the transmitted light signals and is imaged.
[0045] A detailed signal processing process is dis-
closed in the Japanese Patent Application Laid-Open No.
9-98972 and on the pages 1997 to 2005 of No. 22 of
Medical Physics, 1995.
[0046] As described above, in this embodiment, the
measured object is classified into regions and wave-
lengths are selected in consideration of standard trans-
mitted light intensity in each classification and a hemo-
globin absorption coefficient of each wavelength. There-
fore, a calculated error in measuring each change in the
concentration of hemoglobin is reduced, compared with
that in the conventional type.
[0047] Fig. 8 shows the effectiveness of this embodi-
ment. In Fig. 8, the precision of measurement is evalu-
ated by an error in measurement (the standard deviation
of the change of hemoglobin in a state without a stimulus)
and Fig. 8 shows the variation of the precision of meas-
urement depending upon a measuring wavelength. In
this case, imaging technique based upon simultaneous
measurement at multiple points is presupposed and
measurement size is set to 30 mm. In four measurement
regions (the parietal region, the frontal region, the tem-
poral region and the occipital region), measurement is
made simultaneously using the combination of wave-
lengths (780/830 nm) often used heretofore and the com-
bination of wavelengths (678/830 nm, 692/830 nm) in
which the reduction of an error in measurement is theo-
retically predicted. In Fig. 8, assuming that an error in
measuring deoxidized hemoglobin using wavelengths of
780 nm and 830 nm is 1, an error in measurement by
each measurement wavelength is shown by a relative
value.
[0048] As a result, in the parietal region, the frontal
region and the occipital region, as a measuring wave-
length becomes shorter, a tendency for an error in meas-
urement to decrease is shown. However, for the temporal
region, when the combination of wavelengths is 692/830
nm, an error is a minimum value and when the combina-
tion is 678/830 nm, an error conversely increases. This
tendency is coincident in plural living bodies and it is con-
ceivable that this tendency is one of typical patterns.
Therefore, if it is set for a standard selection criterion that
the combination of wavelengths of 678/830 nm is select-
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ed in the parietal region, the frontal region and the oc-
cipital region and the combination of wavelengths of
692/830 nm is selected in the temporal region, the pre-
cision of measurement is enhanced more than that in the
conventional type that measuring wavelength of 780/830
nm are used.
[0049] When it is supposed that a group of living bodies
shown in this embodiment are representative living bod-
ies and a personal error is small, the selection criterion
described above is completed. In case standard wave-
lengths for enhancing the precision of measurement are
uniformly determined without using the system according
to the invention, an optimum wavelength cannot be set
depending upon a measurement region. For example,
when the frontal region is selected as a criterion and the
combination of wavelengths of 678/830 nm is adopted
as the standard combination of wavelengths, an optimum
wavelength cannot be used in measuring the temporal
region. From such a viewpoint, the effectiveness of se-
lecting a wavelength according to a measurement region
is high.
[0050] As the example of the measurement described
above is an example about the specific group of living
bodies using the limit wavelengths, suitable wavelengths
and the classification of measurement regions are not
necessarily described above. As a wavelength that re-
duces an error in measurement depends upon the ab-
sorption coefficient of each measurement region, that is,
the difference of a tissue, a case that a suitable selection
criterion is different depending upon a group of living bod-
ies, difference in a method of classifying measurement
regions or difference between used wavelengths is con-
ceivable. As a wavelength that reduces an error in meas-
urement depends upon the intensity of transmitted light,
a selection criterion also varies depending upon the in-
tensity of radiated light itself.
[0051] The above example is important in that as a
measuring wavelength that reduces an error in measure-
ment is also different depending upon a measurement
region in measurement at the same distance between
irradiation and detection, the precision of measurement
can be effectively enhanced by selecting a wavelength
according to a measurement region.

Second Embodiment

[0052] A second embodiment useful to understand the
invention is common to the first embodiment except a
function for selecting a light source. Referring to the con-
figuration of a system shown in Fig. 9, difference from
the first embodiment will be described below.
[0053] In the system equivalent to this embodiment,
no optical switch for selecting a wavelength is used. After
light of plural wavelengths 9-5, 9-6, 9-7, 9-8 is coupled
in a coupler 9-11, measurement is made as in the first
embodiment. As a light signal of each wavelength is sep-
arated and is used for measurement, data by the com-
bination of the plural wavelengths can be acquired after

the measurement. Suitable data is selected every meas-
urement position based upon the data. Or stabler data
is acquired by using plural data and equalizing them.
[0054] In the system shown in Fig. 9, as all the com-
binations of wavelengths which are candidates are used
for measurement without selecting wavelengths, wave-
lengths are not required to be selected beforehand.
Therefore, a personal error which cannot be predicted
based upon only a region can be verified after measure-
ment. Besides, the stabilization of a signal using the data
of the combination of plural wavelengths is enabled. In
this embodiment, plural light signals are separated ac-
cording to a measurement position by modulating the
frequency of each light signal by a modulator, however,
light signals can be also separated at lighting timing using
pulse light without using the modulator.

Third Embodiment

[0055] A third embodiment useful to understand the
invention is common to the first embodiment except a
light source. Referring to the configuration of a system
shown in Fig. 10, difference from the first embodiment
will be described below.
[0056] A light source used in the system equivalent to
this embodiment is a wavelength variable light source
10-5 that can vary a wavelength freely. When a measur-
ing wavelength is determined by a controller 10-3 and
an instruction from the controller is sent via a cable 10-10,
the wavelength is set according to the instruction. Arbi-
trary wavelengths set by the two wavelength variable light
sources 10-5 are coupled by a coupler 10-11 and meas-
urement is made as in the first embodiment. Or two wave-
lengths of an arbitrary wavelength set by the wavelength
variable light source and a specific wavelength of a fixed
light source are coupled and measurement may be also
made.
[0057] In the system shown in Fig. 10, plural light sig-
nals are separated according to a measurement position
by modulating the frequency of each light signal by a
modulator. However, light signals can be also separated
at lighting timing using pulse light without using the mod-
ulator.
[0058] The effect of this embodiment is common to
that of the first embodiment, however, as wavelengths
can be continuously varied and set, an error in measure-
ment can be reduced close to a limit. Further, the meas-
urement of living bodies of all generations and all race is
enabled by one system.

Fourth Embodiment

[0059] A fourth embodiment useful to understand the
invention is common to the first embodiment except a
part of the configuration of a system and a method of
setting a selected wavelength. Referring to the configu-
ration of the system shown in Fig. 11, difference from the
first embodiment will be described below.
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[0060] Each light radiating means in this embodiment
is provided with light sources of two wavelengths and the
combination determined beforehand of wavelengths are
radiated. For example, light radiated by light radiating
means including an optical fiber 11-12 for radiating light
is the mixed light of 692 nm and 830 nm, light radiated
by light radiating means including an optical fiber for ra-
diating light 11-14 is mixed light of 780 nm and 830 nm
and light radiated by light radiating means including an
optical fiber for radiating light 11-16 is the mixed light of
678 nm and 830 nm. Besides, corresponding to such
light radiating means, light detecting means including op-
tical fibers for detecting light 11-11, 11-13, 11-15 are pro-
vided. As described above, plural types of combinations
of wavelengths can be used by using the configuration
of the system in which each light radiating means can
radiate light of different wavelengths.
[0061] As in the first embodiment, the combination of
wavelengths is selected according to a measurement re-
gion. Differently in a concrete method of setting wave-
lengths from the first embodiment, the optical fiber for
radiating light of wavelengths according to a measure-
ment region is manually set. For example, the color of
each optical fiber is differentiated depending upon radi-
ated wavelengths and fiber fixtures (11-19, 11-20; 11-21,
11-22; 11-24, 11-25) on helmets 11-17, 11-23, 11-26 for
each measurement region mounted on the head of a liv-
ing body 11-18 are also colored by the same color as the
optical fiber of corresponding wavelengths. When the dif-
ferentiation of the selected optical fiber is facilitated as
described above, the correct mounting of the optical fiber
determined every measurement region is facilitated.
[0062] As described above, in this embodiment, the
optical fiber that radiates wavelengths according to each
measurement region is manually selected out of plural
light radiating means that radiate light of different wave-
lengths. By this method, an error in measuring the
change in the concentration of each hemoglobin can be
reduced more as in the first embodiment than that in the
conventional type method. As only two light sources are
provided to one radiating means differently from the first
embodiment, wavelengths are not required to be
switched and measurement can be made at a small cost.

Fifth Embodiment

[0063] As the configuration of a system equivalent to
a fifth embodiment of the invention and a general method
of measuring are common to Fig. 5 referred in the first
embodiment, they are omitted. A method of selecting
wavelengths different from that in the first embodiment
will be described below.
[0064] In this embodiment, the controller 5-3 judges
and selects a wavelength that reduces an error in meas-
urement most out of provided wavelengths. In the con-
crete, premeasurement is made using provided all wave-
lengths and the combination of wavelengths that reduce
a calculated error in measuring the variation of the con-

centration of hemoglobin most is set in each measure-
ment position.
[0065] Fig. 12 shows an example of an interface
screen operated by an operator of the controller. When
"Premeasurement" is selected in a pull-down menu 12-1,
a premeasurement start button 12-3 is displayed. Pre-
measurement is executed before measurement. The
magnitude of an error in measurement in each combina-
tion of wavelengths is displayed in 12-2 and selected
optimum wavelengths are displayed in 12-4.
[0066] The selected measuring wavelengths are set
by the optical switch 5-9 and are radiated on each meas-
urement region. Not the intensity itself of transmitted light
but a calculated error in measuring the change in the
concentration of hemoglobin is evaluated, comprehen-
sive judgment in consideration of both of the attenuation
of a transmitted light signal and the absorption coefficient
of each wavelength is enabled. In case a suitable wave-
length is not known and in case the region selecting meth-
od does not work out well, this system can be used for
a search.
[0067] Wavelengths are selected according to this sys-
tem, and the data of the classification of regions in the
region selecting system shown in Figs. 6 and 7 are stored
as a database by simultaneously inputting the classifica-
tion of regions. The reliability of the region selecting sys-
tem is continuously enhanced by utilizing the database
for a selection criterion. As in the first embodiment, the
result of the premeasurement is also calculated every
measurement channel and wavelengths suitable for
each measurement channel can be selected.
[0068] The effect of this embodiment is shown in the
examples of the measurement shown in Figs. 8 and 14.
The wavelength selecting method described in the first
and second embodiments is effective in measurement
regions in which the tendency of living bodies is coinci-
dent, however, as the tendency of living bodies is differ-
ent depending upon a measurement region, there is a
case that this embodiment is to be used. For example,
in the parietal region and the occipital region of a living
body shown in Fig. 14, an error in measurement using
the combination of 678 nm and 830 nm is larger than that
using the combination of 692 nm and 830 nm and the
living body shows a tendency different from the living
body shown in Fig. 8. As described above, in the parietal
region and the occipital region in which the tendency of
the wavelengths that reduce an error in measurement is
different among living bodies, it is considered that the
system of selecting measuring wavelengths based upon
the result of the premeasurement is effective.
[0069] Differently from real measurement in which si-
multaneous measurement at multiple points is performed
and measurement having duration according to an object
is repeated, in premeasurement, measurement at multi-
ple points is not required and measurement time is short.
Therefore, compared with a system of measuring using
multiple wavelengths in the real measurement, a system
of limiting used wavelengths based upon the result of the
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premeasurement is more excellent in the cost. That is,
as a small quantity of data has only to be recorded and
processed, a burden on the controller is small.
[0070] When premeasurement is made, an error in
measurement in the combination of each wavelength
shown in Figs. 8 and 14 is calculated without classifying
an object of measurement depending upon a measure-
ment region and the combination of wavelengths that
reduce an error in measurement can be selected. There-
fore, in case the living body shown in Fig. 8 is measured,
the measuring wavelengths of 678 nm and 830 nm are
selected for measurement in the parietal region, the fron-
tal region and the occipital region and the measuring
wavelengths of 692 nm and 830 nm are selected for
measurement in the temporal region. In case the living
body shown in Fig. 14 is measured, the measuring wave-
lengths of 678 nm and 830 nm are selected for meas-
urement in the frontal region and the measuring wave-
lengths of 692 nm and 830 nm are selected for meas-
urement in the parietal region, the temporal region and
the occipital region. As described above, in a case to
which the region selecting system cannot correspond,
measuring wavelengths can be also set.
[0071] This selecting system is effective in most cases
including a case that an object of measurement cannot
be precisely classified and a case that wavelengths se-
lected according to the region selecting system are not
suitable. For example, suitable wavelengths can be se-
lected in consideration of factors which are greatly dif-
ferent among individuals and which are difficult to know
without actual measurement such as the thickness of a
hairy root and the color of a skin.

Sixth Embodiment

[0072] A sixth embodiment of the invention is provided
with light radiating/detecting means for premeasurement
for determining wavelengths and plural pairs of light ra-
diating means and light detecting means for real meas-
urement respectively selectively used when the used
combination of wavelengths is determined in the pre-
measurement.
[0073] Fig. 13 shows the configuration. The internal
configuration of the light radiating/detecting means 13-16
for premeasurement is similar to that of the block 9-16
shown in Fig. 9 and the same reference number as that
in Fig. 9 is allocated to the same part. The combination
of wavelengths to be a candidate in this example is also
the combinations of 678/830 nm, 692/830 nm and
780/830 nm. To make premeasurement using light of the
combination of these wavelengths, plural light sources
9-5, 9-6, 9-7, 9-8 are provided and each light source is
modulated by a different frequency depending upon each
modulator 9-4. A signal detected by radiated light mixed
by an optical coupler 9-11 and conducted to an incident
position by an optical fiber for radiating light 9-13 is sep-
arated into a detection signal every wavelength in a lock-
in amplifier 9-1. Separated each detection signal is re-

ceived by a controller 13-8 via an A/D converter 13-7.
[0074] In this embodiment, as only one light radiating/
detecting means 13-16 is provided for premeasurement,
a representative measurement position 13-20 of a living
body 13-18 is selected and premeasurement is made. A
transformed type in which the number of optical detectors
9-12 is increased or further, the number of light radiating
means for premeasurement is also increased, that is, a
transformed type in which premeasurement can be made
at plural measurement points is also possible. As in the
fifth embodiment, an error in measurement in each com-
bination of wavelengths is calculated based upon each
signal detected by plural wavelengths and acquired in
premeasurement and the combination of wavelengths
that reduce an error in measurement most is selected.
[0075] In this embodiment, light radiating means for
measurement dedicated to each combination of wave-
lengths to a candidate is provided. Light radiating means
13-21 for measurement using the wavelengths of 678
nm and 830 nm includes modulators 13-10, a light source
13-11 for the wavelength of 678 nm, a light source 13-14
for the wavelength of 830 nm and an optical coupler
13-15. Corresponding to the light radiating means, light
detecting means including an optical detector 13-22 and
a lock-in amplifier 13-9 is provided. Light radiating means
13-23 for measurement using the wavelengths of 692
nm and 830 nm and light radiating means 13-25 for meas-
urement using the wavelengths of 780 nm and 830 nm
are also similarly configured. However, a light source
13-12 is for radiating the wavelength of 692 nm and a
light source 13-13 is for radiating the wavelength of 780
nm. Though the following light radiating means are not
shown, light radiating means are provided by the number
of incident positions every combination of wavelengths.
Similarly, light detecting means are provided by the
number of detection positions every combination of
wavelengths and the output terminals of all lock-in am-
plifiers are connected to the controller 13-8 via the A/D
converter 13-7.
[0076] The combination of wavelengths in real meas-
urement is determined by the premeasurement and the
optical fiber fixed to a fiber fixture mounted on the living
body 13-18 is connected to the corresponding light radi-
ating means and the corresponding optical detector.
Hereby, measurement by the selected combination of
wavelengths is enabled.
[0077] In this embodiment, the number of special light
radiating/detecting means for premeasurement provided
with a function for mixing light of multiple wavelengths
and a function for separating corresponding to the func-
tion may be small and the light radiating means for real
measurement may be configured so that mixing two
wavelengths and separating into two wavelengths are
performed as in the conventional type. Therefore, this
embodiment is advantageous in the cost of the system.
Besides, the configuration of the light radiating means
for real measurement is further transformed and light ra-
diating means in which wavelengths can be selected can
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be also configured by the optical switch shown in Fig. 5.
The number of light sources in the whole system is re-
duced by the transformation. As the selection of wave-
lengths is completed by operating the optical switch with
the connection of the optical fiber fixed, there is an ad-
vantage that the operation of the system is simpler. Sev-
enth Embodiment
[0078] As the configuration of a system and a general
measuring method in a seventh embodiment useful to
understand the invention are common to those in the first
embodiment, they are omitted. Only a wavelengths se-
lecting method different from that in the first embodiment
will be described below.
[0079] In this embodiment, an operator directly selects
arbitrary wavelengths out of the plural combinations of
wavelengths to be a candidate. Fig. 15 shows an inter-
face screen operated by the operator of a , controller.
When "Direct Selection" is selected in a pull-down menu
15-1, the selectable plural combinations of wavelengths
are displayed. The corresponding combination of wave-
length is adopted by clicking a radio button 15-2 located
on the left side of the used combination of wavelengths.
[0080] As shown in Fig. 16, when "Direct Selection" is
selected in a pull-down menu 16-1, measurement wave-
lengths are selected in a pull-down menu 16-2 every
measurement channel and can be also set. As in the first
embodiment, determined wavelengths are set by a wave-
length selecting switch 5-9 and are coupled in a coupler
5-11. Or as in the third embodiment, suitable wave-
lengths are set by a wavelength variable light source 10-5
and are coupled in a coupler 10-7. This wavelengths se-
lecting method is effective in case the selection of a re-
gion cannot be applied, in case suitable measuring wave-
lengths are known beforehand or in case specific meas-
uring wavelengths are to be used for any reason.
[0081] In the configuration of the system provided with
the plural types of light radiating means for radiating fixed
wavelengths and the plural types of optical detectors re-
spectively shown in Figs. 11 and 13, arbitrary light radi-
ating means can be also selected manually.
[0082] Figs. 17, 18 and 19 are flowcharts showing each
selection process of the wavelengths setting method in
the embodiments described in detail above.
[0083] Fig. 17 is a flowchart showing wavelengths se-
lection algorithm related to the first, second, third, fifth
and seventh embodiments of the invention and shows a
case that selected wavelengths are set by the controller.
[0084] Fig. 18 is a flowchart showing wavelengths se-
lection algorithm related to the fourth, sixth and seventh
embodiments of the invention and shows a case that se-
lected wavelengths are set manually.
[0085] Fig. 19 shows the flow of real measurement af-
ter measuring wavelengths are set.
[0086] As described in detail above, according to the
invention, as wavelengths can be set according to a
measurement region in measuring metabolism in a living
body and wavelengths can be set according to a final
error in measurement depending upon noise included in

a transmitted light signal in each measurement position
and the absorption coefficient of hemoglobin, an error in
measurement can be minimized. As the power of detect-
ing a signal is enhanced, compared with the conventional
type measuring method, the frequency of averaging re-
quired for removing the noise is reduced and effect such
as the reduction of measurement time and the reduction
of a load upon a living body is acquired. As wavelengths
can be selected according to each measurement position
in the system for imaging using simultaneous measure-
ment at multiple points, particularly for measuring the
whole brain, wavelengths can be selected so that the
whole dispersion of an error is minimized. Signals in dif-
ferent measurement positions can be compared by
equalizing S/N ratio at each measurement point.
[0087] Examples of configurations useful to under-
stand the invention are as follows:

(1) The optical system for measuring metabolism in
a body based upon an optical system for measuring
metabolism in a body in which light radiating means
for radiating light on the living body and light receiv-
ing means for detecting transmitted light radiated
from the light radiating means and propagated in the
living body are arranged on the living body and which
is configured so that information in the living body is
acquired based upon a signal detected by the light
receiving means with a substantially middle point of
the light radiating means and the light receiving
means as a measurement point and characterized
in that the light radiating means is provided with plu-
ral light sources respectively having a different wave-
length and the light source having a wavelength ac-
cording to the tissue of a measurement region in the
living body and its optical property is selected out of
the plural light sources.
(2) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (1) and
characterized in that for the selection of wave-
lengths, an object of measurement is classified into
measurement regions and suitable wavelengths are
selected out of wavelengths set beforehand every
measurement region.
(3) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (1) and
characterized in that for the selection of wave-
lengths, premeasurement is made beforehand using
plural measuring wavelengths, an error of a detected
signal is calculated and wavelengths are selected
based upon the error.
(4) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (1) and
characterized in that a display for displaying a wave-
lengths selecting method according to a preset cri-
terion and according to an object of measurement is
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provided.
(5) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (1) and
characterized in that the light radiating means is pro-
vided with a wavelength variable light source that
can radiate light of an arbitrary wavelength and
wavelengths according to the tissue of a measure-
ment region in the living body and its optical property
can be selected by selecting any light source of the
plural light sources and the wavelength variable light
source.
(6) The optical system for measuring metabolism in
a body based upon an optical system for measuring
metabolism in a body in which light radiating means
for radiating light on the living body and light receiv-
ing means for detecting transmitted light radiated
from the light radiating means and propagated in the
living body are arranged on the living body and which
is configured so that information in the living body is
acquired based upon a signal detected by the light
receiving means with a substantially middle point of
the light radiating means and the light receiving
means as a measurement point and characterized
in that the light radiating means is provided with a
wavelength variable light source that can radiate
light of an arbitrary wavelength and a wavelength of
light radiated from the light source is selected ac-
cording to the tissue of a measurement region in the
living body and its optical property.
(7) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (6) and
characterized in that for the selection of wave-
lengths, an object of measurement is classified into
measurement regions and suitable wavelengths are
selected out of wavelengths preset every measure-
ment region.
(8) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (6) and
characterized in that for the selection of wave-
lengths, premeasurement is made beforehand using
plural measuring wavelengths, an error of a detected
signal is calculated and wavelengths are selected
based upon the error.
(9) The optical system for measuring metabolism in
a body based upon the optical system for measuring
metabolism in a body described in above (6) and
characterized in that a display for displaying a wave-
lengths selecting method according to a preset cri-
terion and according to an object of measurement is
provided.
(10) The optical system for measuring metabolism
in a body based upon the optical system for meas-
uring metabolism in a body described in above (6)
and characterized in that the light radiating means
is provided with plural light sources respectively hav-

ing a different wavelength and wavelengths accord-
ing to the tissue of a measurement region in the living
body and its optical property can be selected by se-
lecting any light source of the wavelength variable
light source and the plural light sources.
(11) The optical measuring method characterized in
that a process for radiating light on a predetermined
incident position of a living body, a process for de-
tecting transmitted light propagated in the living body
in a predetermined light receiving position and a
process for acquiring information in the living body
based upon a detected signal with a substantial mid-
dle position of the light incident position and the light
receiving position respectively on the living body as
a measurement point are provided, light is radiated
on the living body using plural light sources that can
radiate light of different wavelengths or a wavelength
variable light source that can radiate light of an ar-
bitrary wavelength and wavelengths according to the
tissue of a measurement region in the living body
and its optical property are selected from the plural
light sources or the wavelength variable light source.
(12) The optical system for measuring metabolism
in a body based upon an optical system for measur-
ing information inside a living body using light and
characterized in that wavelengths according to the
optical property of a measurement region are select-
ed according to difference in the tissue of the meas-
urement region.
(13) The optical system for measuring metabolism
in a body based upon an optical system for measur-
ing metabolism in a body provided with plural light
radiating means for radiating light of wavelengths
from a visible region to a near infrared radiation re-
gion on the living body, plural light receiving means
for detecting light transmitted inside the living body,
storing means for storing a signal detected by the
light receiving means every light receiving means
and according to the progress of time, arithmetic
means for converting to a signal according to meas-
urement point every measurement point using the
signal stored in the storing means and an image dis-
play generator that acquires the output of the arith-
metic means as a signal at an estimated measure-
ment point and displays an image as an intensity
signal on a two-dimensional display screen and
characterized in that wavelengths in accordance
with the optical property of a measurement region
are selected according to difference in the tissue of
a measurement region.
(14) The optical system for measuring metabolism
in a body based upon the optical systems described
in above (12) and (13) and characterized in that an
object of measurement is classified into regions and
light of wavelengths preset every region is selected.
(15) The optical system for measuring metabolism
in a body based upon the optical systems described
in above (12) and (13) and characterized in that pre-
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measurement using plural measuring wavelengths
is made, an error of a signal to be measured (exam-
ple: oxygenated hemoglobin) is evaluated and
measuring wavelengths are selected based upon
the error.
(16) The optical system for measuring metabolism
in a body based upon the optical systems described
in above (12) and (13) and characterized in that the
characteristic of the tissue in each measurement po-
sition is acquired by a magnetic resonance imaging
method and wavelengths are selected according to
the characteristic.
(17) The optical system for measuring metabolism
in a body based upon a method for measuring me-
tabolism in a body for making radiated wavelengths
variable in the optical systems described in above
(12) to (16) and characterized in that a method of
selecting light radiating means for radiating a suita-
ble wavelength out of plural light radiating means
provided beforehand or a method of providing a light
source that can continuously vary a wavelength and
setting and radiating a suitable wavelength or both
methods is/are enabled.

[0088] According to the invention, as wavelengths ac-
cording to a measurement region can be selected in con-
sideration of difference in an optical property depending
upon difference in the tissue even if distance between
irradiation and detection is fixed and in addition, as wave-
lengths can be selected using an error in measuring the
variation of the concentration of hemoglobin to be meas-
ured as a criterion, the optical technique for measuring
metabolism in a body in which an error in measurement
can be further reduced can be realized.

Claims

1. A biological photometric device comprising:

a plurality of light sources (5-5 to 5-8) supplying
light of different wavelengths for irradiating
measurement regions of a head surface of a liv-
ing body (5-18);
a plurality of light detectors (5-12) for detecting
light emitted from said light sources and re-
turned from the head surface; and
a control device (5-3) for calculating a concen-
tration of metabolites in the head and for con-
trolling selecting means (5-9) to select wave-
lengths supplied by said light sources,
wherein
the photometric device further comprises a da-
tabase for storing a result of a pre-measurement
of the living body (5-18) made before measuring
the concentration, and
said control device (5-3) is adapted to control
said selecting means (5-9) to select said wave-

lengths for each measurement region individu-
ally in accordance with the result stored in said
database.

2. The device of claim 1, further comprising a display
for displaying the measurement result.

Patentansprüche

1. Biologische Photometrievorrichtung mit
mehreren Lichtquellen (5-5 bis 5-8) zum Zuführen
von Licht verschiedener Wellenlängen, um Messbe-
reiche einer Kopfoberfläche eines lebenden Körpers
(5-18) zu bestrahlen,
mehreren Lichtdetektoren (5-12) zum Erfassen von
Licht, das aus den Lichtquellen emittiert und von der
Kopfoberfläche zurückgekehrt ist, und
einer Steuervorrichtung (5-3) zur Berechnung einer
Konzentration von Stoffwechselprodukten in dem
Kopf und zum Steuern einer Auswähleinrichtung
(5-9) zum Auswählen von durch die Lichtquellen zu-
geführten Wellenlängen,
wobei
die Photometrievorrichtung ferner eine Datenbank
zum Speichern eines Ergebnisses einer vor der Kon-
zentrationsmessung an dem lebenden Körper (5-18)
durchgeführten Messung aufweist, und
die Steuervorrichtung (5-3) dazu ausgelegt ist, die
Auswähleinrichtung (5-9) so zu steuern, dass die
Wellenlängen für jeden Messbereich einzeln gemäß
dem in der Datenbank gespeicherten Ergebnis aus-
gewählt werden.

2. Vorrichtung nach Anspruch 1, ferner mit einer An-
zeige zum Anzeigen des Messergebnisses.

Revendications

1. Dispositif photométrique biologique comportant :

une pluralité de sources de lumière (5-5 à 5-8)
délivrant de la lumière de longueurs d’onde dif-
férentes pour irradier des régions de mesure
d’une surface de tête d’un corps vivant (5-18),
une pluralité de détecteurs de lumière (5-12)
pour détecter une lumière émise par lesdites
sources de lumière et renvoyée par la surface
de tête, et
un dispositif de commande (5-3) pour calculer
une concentration de métabolites dans la tête
et pour commander des moyens de sélection
(5-9) afin de sélectionner des longueurs d’onde
délivrées par lesdites sources de lumière,
dans lequel
le dispositif photométrique comporte en outre
une base de données pour mémoriser un résul-
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tat d’une pré-mesure du corps vivant (5-18) ef-
fectuée avant de mesurer la concentration, et
ledit dispositif de commande (5-3) est adapté
pour commander lesdits moyens de sélection
(5-9) afin de sélectionner lesdites longueurs
d’onde pour chaque région de mesure indivi-
duellement conformément au résultat mémorisé
dans ladite base de données.
2. Dispositif selon la revendication 1, compor-
tant en outre un écran pour afficher le résultat
de mesure.
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摘要(译)

本发明提供了用于测量活体内新陈代谢的光学技术，即使照射和检测之
间的距离固定，也可以进一步减少测量误差。将生物体分类为测量区
域，并根据分类设定不同的测量波长。例如，头部被分类为顶叶区域，
正面区域，颞区域和枕骨区域的四个区域，并且根据每个组织的波长被
设置在波长选择系统中。在测量中，根据每个测量区域的波长由多个波
长 - 光辐射装置选择。此外，对于具有大的个人差异的区域，使用多个
波长组合进行预测量，并且使用计算的测量误差作为标准来选择波长。
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