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(57) ABSTRACT 

An optical measurement instrument for a living body includ 
ing a first light irradiator for irradiating light from a first 
irradiation position in a small region as considered as a plan 
on the surface of a head of a subject into the inside of the 
head in the region in the direction of depth, a second light 
irradiator for irradiating light from a second irradiation 
position in the region into the inside of the head, a first 
detecting for detecting the first irradiated light to pass 
through the head in a first detection position in the region, 
a second detector for detecting the second irradiated light to 
pass through the head in a second detection position in the 
region, and a calculator for multiplication or addition of a 
first signal and a second signal in a calculator. 
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FIG. 1 
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OPTICAL MEASUREMENT INSTRUMENT FOR 
LIVING BODY 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001) This is a continuation of U.S. Ser. No. 10/689,760, 
filed Oct. 22, 2003, which is a continuation of U.S. appli 
cation Ser. No. 09/849,409, filed May 7, 2001, now U.S. Pat. 
No. 6,640,133, which is a continuation of U.S. application 
Ser. No. 08/875,081, filed Sep. 29, 1997, now U.S. Pat. No. 
6,240,309, issued May 29, 2001, which is a 371 of PCT/ 
JP96/03365, filed Nov. 15, 1996, and which is a continua 
tion-in-part of co-pending application Ser. No. 539,871, filed 
Oct. 6, 1995, by some of the inventors herein, now U.S. Pat. 
No. 5,803,909, the subject matter of which is incorporated 
by reference herein. This application relates to and 

, filed concurrently herewith, and which are continu 
ations is of Ser. No. 10/689,760, filed Oct. 22, 2003. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to an instrument for 
measuring information on an inner living body with light. 
0004 2. Description of the Related Art 

1. Field of the Invention 

0005 The development of a technique capable of mea 
Suring information about an inner living body with ease and 
without noninvasion on the living body has been long 
expected in the fields of clinical medicine and brain science 
or the like. Described specifically, as exemplary measure 
ments for the brain, may be mentioned, measurements on 
brain diseases such as cerebral infarction, cerebral hemor 
rhage, and measurements on high-order brain functions such 
as thought, language, motor, etc. The object to be measured 
is not necessarily limited to the brain. Measurements for the 
chest may include heart diseases such as myocardial infarc 
tion, etc. and measurements for the abdomen may include 
prevention and diagnosis against internal diseases such as 
kidney, liver disorder, etc. 
0006 When the intracerebral diseases or high-order brain 
functions are measured with the brain as the object to be 
measured, it is necessary to definitely measure a disease part 
or a functional region. Therefore, it is of very importance 
that a wide region in the brain is measured as image 
information. As an example indicative of this importance, 
may be mentioned a positron emission tomography (PET) 
system used as an intracerebral imaging measurement sys 
tem, and a functional magnetic resonance imaging (fMRI) 
system, which are now widely used. These systems have 
drawbacks in that although they have an advantage that the 
wide region in the living body can be measured as the image 
information, they are large in size and their handling is 
cumbersome. For example, a dedicated room is required to 
install these systems and the systems are not easy to move 
as a matter of course. Thus, restraint on a Subject is 
enhanced. Further, since persons dedicated to maintenance 
are required, considerable costs are required for practical use 
of these systems. 
0007. The optical measurement technique holds great 
promise from the above point of view. A first reason of its 
promise is that the normality and abnormality of organs and 
the brain activity about the high-order brain function are 
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closely related to oxygen metabolism and blood circulation 
inside the living body. The oxygen metabolism and blood 
circulation correspond to the concentration of specific chro 
mophones (such as hemoglobin, cytochrome aa, myoglo 
bin) in the living body. The concentration of chromophones 
can be determined from the absorbance of visible-infrared 
region light. Further, second and third reasons why the 
optical measurement technique is effective, are that the light 
can be easily handled owing to optical fibers and does no 
harm to the living body due to the use of the light within a 
safety standard range. Thus, the optical measurement tech 
nique has advantages of real time measurements and quan 
tification of the concentration of the chromophones in the 
living body, and the like that the PET and fMRI lack. 
Further, the optical measurement technique is suitable for 
size reductions in the systems and simplicity of their han 
dling. 

0008 An instrument capable of irradiating a living body 
with visible-infrared region light and detecting light 
(reflected light) subject to absorption and scattering inside 
the living body and discharged to the outside of the living 
body to thereby measure information on the inner living 
body, using the advantages of the optical measurement 
technique, has been described in, for example, Japanese 
Patent Application Laid-Open Nos. 57-115232, 63-260532, 
63-275323 and 5-317295. 

0009. However, in the aforementioned conventional liv 
ing body measurement technique using the light, the infor 
mation can be measured only at a specific position in the 
living body or within a restricted narrow region. Therefore, 
imaging about a wide spatial region inside the living body 
has not been taken into consideration. 

0010 Specific problems about an optical measurement 
method and a layout configuration of light incident positions 
and light detection positions, which are employed in the 
prior art, will now be described. 

0011. The optical measurement method will first be 
described. It is necessary to irradiate many positions with 
light and detect it at many points upon imaging in the wide 
spatial region. One example of this type of multiposition 
measurement will be explained in brief with reference to 
FIG. 2. The present example shows the case in which lights 
are applied or irradiated from three points (incident positions 
IP1, IP2 and IP3) on the surface of a subject and the lights 
reflected therefrom are detected at three points (detection 
positions DP1, DP2 and DP3) on the surface of the subject. 
Measurement positions must be specified upon imaging. 
Light propagation in Scattering media (e.g., living body) has 
been reported by, for example, N. C. Bruce: “Experimental 
study of the effect of absorbing and transmitting inclusions 
in highly scattering media'. Applied Optics, Vol. 33, no. 28, 
pp. 6692-6698, (October 1994). Its experimental results are 
shown in FIG. 3. It is known from FIG. 3 that the neigh 
borhood of a middle point between a light incident position 
and a light detection position includes information about a 
position deep from the surface of the living body. Thus, 
when the deep position in the living body, e.g., a deeper 
position of skin or skull, for example, is measured from 
above the skin, the middle position between the incident 
position and the detection position results in a measurement 
position. Such measurement needs to provide the incident 
positions and the detection positions one by one in pairs and 
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obtain information at measurement positions (measurement 
positions MP1, MP2 and MP3) specified every individual 
pairs. 

0012 Now consider, for example, a case in which in the 
layout configuration shown in FIG. 2, the lights are simul 
taneously applied from the three incident points (incident 
positions IP1, IP2 and IP3) and the lights reflected therefrom 
are simultaneously detected at the three light detection 
points (detection positions DP1, DP2 and DP3). In this case, 
it is necessary to accurately measure only the reflected light 
of the light applied from the incident position IP2 at the 
detection position DP2 upon measurement at the measure 
ment position DP2 corresponding to the middle point 
between the incident position IP2 and the detection position 
DP2. However, the light detected at the detection position 2 
actually includes the reflected lights of the lights incident 
from the incident positions IP1 and IP3 as well as the 
reflected light of the light incident from the incident position 
IP2. As a result, so-called crosstalk is produced. Accord 
ingly, only the reflected light of the light incident from the 
incident position IP2 cannot be separated and detected at the 
detection position DP2, so that the accurate measurement on 
the measurement position MP2 cannot be carried out. 
0013 Thus, if a switch or the like is used so as to 
successively switch between the incident positions every 
measurement positions on a time-sequence basis. Such 
crosstalk is prevented from occurring. However, in order to 
Successively Switch between many incident positions, much 
time is required correspondingly upon their Switching. 
Therefore, a long time is required for measurement, so that 
the measurement is rendered inefficient. 

0014 Thus, there has been a strong demand for the 
development of a simultaneous multichannel measurement 
technique capable of performing measurements on a large 
number of measurement positions in a Subject simulta 
neously and without crosstalk in order to make imaging 
about a wide spatial region in the Subject. 
0015. It is also necessary to measure information about 
an inner brain covered with a head Scarf skin and a skull 
fracture with high sensitivity and satisfactory efficiency 
upon intra-living body measurement, particularly brain 
functional measurement. In the optical measurement 
method, the information on the deep position in the living 
body is detected at the middle position between the light 
incident position and the light detection position. If a plu 
rality of pairs of light incident positions and light detection 
positions are disposed on the circumference Surrounding 
measured portions and middle-point positions between the 
respective pairs are placed in common use, as a method of 
measuring the deep position information with high sensitiv 
ity, i.e., measuring the deep position information so that the 
deep position information is contained in more plenty, 
information on the deep position in the living body, which 
corresponds to each common middle-point position, can be 
measured with high sensitivity. Even in this case, however, 
the simultaneous measurement, i.e., the simultaneous mul 
tichannel measurement on the aforementioned plurality of 
pairs of light incident positions and light detection positions 
must be executed to perform the measurement in a short time 
and with satisfactory accuracy. 
0016. Moreover, the operations of various apparatuses 
typified by a computer and the input of information are now 
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performed via a keyboard or a switch and the like. However, 
there may be cases in which a physically handicapped 
person encounters difficulties in performing Such operations 
and information input work. There may also be cases where 
even a normal person cannot always take quick and appro 
priate measures in case of emergency of the driving of a 
vehicle and the operation of a large-scale plant, for example. 
If, in Such a case, the operator can take quicker and more 
appropriate measures before the limbs of the operator show 
reactions, it is then possible to beforehand prevent serious 
accidents from occurring. Therefore, a method of measuring 
the state of activity of a function of perception and cognition 
in the operator's brain in real time and directly inputting a 
signal about a change of brain activity referred to above to 
the above-described various apparatuses is considered. 
However, the measurement of the brain activity with high 
sensitivity and high accuracy is indispensable to the reliable 
execution of the operation by such a method. Therefore, a 
technique for performing the aforementioned multichannel 
simultaneous measurement without the crosstalk is also 
required. 

SUMMARY OF THE INVENTION 

0017 With the foregoing in view, it is therefore an object 
of the present invention to provide an optical measurement 
instrument for a living body, capable of performing an 
optical measurement about a wide spatial region in a subject 
(living body) with high efficiency and satisfactory accuracy. 

0018. It is another object of the present invention to 
provide a small-sized and easy-to-handle optical measure 
ment instrument for a living body, capable of performing an 
optical measurement on a wide spatial region in a subject. 
0019. It is a further object of the present invention to 
provide a simultaneous multichannel measurement method 
capable of performing optical measurements on a plurality 
of measurement positions in a subject simultaneously and 
without crosstalk. 

0020. It is a still further object of the present invention to 
provide an optical measurement instrument for a living 
body, capable of measuring information on a deep position 
in a Subject with high sensitivity. 

0021. It is a still further object of the present invention to 
provide high-utility input and control devices by a living 
body, which are capable of controlling various pieces of 
external equipment with high accuracy by using living-body 
measurement signals high in spatial resolution, which are 
obtained from the above-described optical measurement 
instrument, as input signals. 
0022. According to one aspect of the present invention, 
for achieving the above objects, there is provided an optical 
measurement instrument for a living body, for simulta 
neously launching lights of wavelengths in a visible-infrared 
region into a Subject from a plurality of incident portions on 
the Surface of the Subject (living body), simultaneously 
detecting lights transmitted through the Subject and dis 
charged outside the Subject again at a plurality of detection 
portions on the Surface of the Subject, and imaging living 
body information on the inside of the Subject, using the 
detected signals, wherein the incident lights from the plu 
rality of incident portions are intensity-modulated with 
modulation frequencies respectively different every respec 
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tive incident portions, and lights of modulation frequencies 
respectively different every respective detection portions are 
separated and/or selected and detected at the plurality of 
detection portions. 

0023. According to the above construction of the present 
invention, light of a specific modulation frequency, which 
has been detected at a specific detection portion, corre 
sponds to only an incident light launched from a specific 
incident portion irradiated with the light of the specific 
modulation frequency. Thus, information on the living body 
at a specific measurement portion in the Subject, which is 
determined in association with the specific incident and 
detection portions referred to above, can be obtained without 
crosstalk. As a result, living-body information about a 
plurality of measurement portions in the Subject can be 
obtained simultaneously and without crosstalk and hence a 
simultaneous multichannel measurement can be carried out. 
Further, an optical measurement on a wide spatial region 
including the plurality of measurement portions in the 
Subject can be carried out with high efficiency and satisfac 
tory accuracy. 

0024. If the lights selected and detected at the respective 
detection portions are respectively changed to light of 
another modulation frequency in the above-described con 
struction of the present invention, living-body information at 
another measurement portion in the Subject, which is deter 
mined in association with an incident portion irradiated with 
the light of another modulation frequency and a detection 
portion where the light has been detected, can be obtained 
without crosstalk in the same manner as described above. 
Thus, the numbers of the incident portions and the detection 
portions, which are required to carry out measurements on 
a predetermined number of measurement portions, can be 
reduced respectively. Accordingly, an instrument configura 
tion can be obtained which is capable of reducing the 
number of light sources for light irradiation and the number 
of detectors for optical detection and providing a less size 
and easy handling. 

0025) Further, according to the present invention, since 
the measurements on the plurality of measurement channels 
formed between the plurality of light incident positions and 
the plurality of light detection positions can be carried out 
simultaneously and without crosstalk as described above, 
the plurality of pairs of these light incident positions and 
light detection positions are disposed on the circumference 
Surrounding the specific portions to be measured corre 
sponding to the deep positions in the Subject and the 
middle-point positions (measurement positions) of the 
respective pairs are caused to coincide with the specific 
measured portions. As a result, only the information at the 
specific measured portions can be selectively and concen 
tratedly detected. Thus, the living-body information at each 
specific portion corresponding to the deep position can be 
measured with high sensitivity. 

0026. Moreover, according to the present invention, since 
the optical measurement instrument for the living body can 
be implemented which is capable of measuring the living 
body information about the wide spatial region in the subject 
(living body) with high efficiency and accuracy and at high 
spatial resolution as described above, the high-utility input 
and control devices by living body can be implemented 
which is capable of controlling these various external equip 
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ment promptly and with high accuracy by using the mea 
Surement signals outputted from the optical measurement 
instrument as the signals to be directly inputted to the 
various external equipment. 

0027 Typical ones of various inventions of the present 
application have been shown in brief. However, the various 
inventions of the present application and specific configu 
rations of these inventions will be understood from the 
following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. While the specification concludes with claims par 
ticularly pointing out and distinctly claiming the Subject 
matter which is regarded as the invention, it is believed that 
the invention, the objects, and features of the invention and 
further objects, features and advantages thereof will be 
better understood from the following description taken in 
connection with the accompanying drawings in which: 
0029 FIG. 1 is a diagram schematically showing a 
configuration of an optical measurement instrument for a 
living body, according to a first embodiment of the present 
invention; 

0030 FIG. 2 is a diagram illustrating the relationship of 
layouts between light incident positions, light detection 
positions and measurement positions employed for a living 
body optical measurement; 

0031 FIG. 3 is a diagram showing the manner of light 
propagation in a living body (Scattering media) at the living 
body optical measurement; 

0032 FIG. 4 is a diagram showing the relationship of 
placement between light incident positions, light detection 
positions and measurement positions for implementing a 
more efficient living body optical measurement by the 
present invention; 
0033 FIG. 5 is a diagram illustrating specific configu 
rations of respective optical modules employed in the 
embodiment shown in FIG. 1; 

0034 FIG. 6 is a diagram depicting the relationship of 
placement between light incident positions, light detection 
positions and measurement positions on the Surface of a 
subject, which are employed in the embodiment shown in 
FIG. 1; 

0035 FIG. 7 is a diagram showing a specific configura 
tion of a lock-in amplifier module employed in the embodi 
ment shown in FIG. 1; 

0036 FIG. 8 is a diagram illustrating the shape of a probe 
employed in the embodiment shown in FIG. 1; 
0037 FIG. 9 is a diagram depicting a specific configu 
ration of the probe shown in FIG. 8: 
0038 FIG. 10 is a diagram showing a configuration of a 
light source unit employed in an optical measurement instru 
ment for a living body, according to a second embodiment 
of the present invention; 
0039 FIG. 11 is a diagram illustrating a specific con 
figuration of a light modulator employed in the embodiment 
shown in FIG. 10; 
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0040 FIGS. 12, 13 and 14 are respectively diagrams 
showing the relationship between measurement sensitivity 
distributions and depths in living body at inner living body 
measurements by the prior art; 
0041 FIG. 15 is a diagram schematically showing a 
configuration of an optical measurement instrument for a 
living body, according to a third embodiment of the present 
invention; 
0.042 FIG. 16 is a diagram showing another example of 
a configuration of a data acquisition unit employed in the 
embodiment shown in FIG. 15: 

0.043 FIG. 17 is a diagram illustrating a further example 
of the configuration of the data acquisition unit employed in 
the embodiment shown in FIG. 15: 

0044 FIG. 18 is a diagram depicting a still further 
example of the configuration of the data acquisition unit 
employed in the embodiment shown in FIG. 15: 
0045 FIG. 19 is a diagram showing a still further 
example of the configuration of the data acquisition unit 
employed in the embodiment shown in FIG. 15: 
0046 FIG. 20 is a diagram illustrating a still further 
example of the configuration of the data acquisition unit 
employed in the embodiment shown in FIG. 15: 
0047 FIG. 21 is a diagram showing another example of 
the relationship of placement between incident optical fibers 
and detection optical fibers employed in the embodiment 
shown in FIG. 15: 

0.048 FIG. 22 is a diagram illustrating a further example 
of the relationship of placement between the incident optical 
fibers and the detection optical fibers employed in the 
embodiment shown in FIG. 15: 

0049 FIG. 23 is a diagram depicting a still further 
example of the relationship of placement between the inci 
dent optical fibers and the detection optical fibers employed 
in the embodiment shown in FIG. 15: 
0050 FIG. 24 is a diagram schematically illustrating a 
configuration of an optical measurement instrument for a 
living body, according to a fourth embodiment of the present 
invention, which is suitable for use in the measurement of 
information on the depth of a living body; 

0051 FIGS. 25, 26 and 27 are respectively diagrams 
showing the relationship between measurement sensitivity 
distributions and depths in living body at inner living body 
measurements under the instrument configuration shown in 
FIG. 24; 

0.052 FIG. 28 is a diagram schematically depicting a 
configuration of a measurement system of brain activity, 
which is employed in an optical measurement instrument for 
a living body, according to a fifth embodiment of the present 
invention; 

0053 FIG. 29 is a line map showing one example of a 
right fingers movement concentration change in hemoglobin 
in the brain, which has been measured by the instrument 
configuration shown in FIG. 28: 
0054 FIG. 30 is a line map illustrating one example of 
a left fingers movement concentration change in hemoglobin 
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in the brain, which has been measured by the instrument 
configuration shown in FIG. 28; 
0055 FIG.31 is a contour map depicting one example of 
a right fingers movement concentration change in total 
hemoglobin in the brain, which has been measured by the 
instrument configuration shown in FIG. 28; 
0056 FIG. 32 is a contour map illustrating one example 
of a language recollection concentration change in total 
hemoglobin in the brain, which has been measured by the 
instrument configuration shown in FIG. 28; 
0057 FIG. 33 is a diagram schematically showing a 
configuration of a control device by living body, according 
to a fifth embodiment of the present invention; 
0.058 FIG. 34 is a flowchart for describing a first opera 
tion procedural example in an operation unit employed in 
the embodiment shown in FIG. 33; 
0059 FIG. 35 is a flowchart for describing a second 
operation procedural example in the operation unit 
employed in the embodiment shown in FIG. 33: 
0060 FIG. 36 is a diagram showing a data structure of 
learning data, which is employed in the second operation 
procedural example shown in FIG. 35; and 
0061 FIG. 37 is a diagram schematically illustrating a 
configuration of a control device by living body, according 
to a sixth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0062) The present invention will hereinafter be described 
in detail with reference to the accompanying drawings. 
<<Simultaneous Multichannel Measurement>> 

0063. The present invention provides a simultaneous 
multichannel measurement technique capable of performing 
optical measurements about a plurality of measurement 
positions in a subject (living body) simultaneously and 
without crosstalk to make it possible to effect high-efficient 
and satisfactory-precision optical measurements on a wide 
space region in the Subject (living body). 

0064. That is, in order to solve the aforementioned 
crosstalk problem, the present invention provides an optical 
measurement instrument for a living body, for simulta 
neously irradiating an inner subject with visible-infrared 
region light from a plurality of incident positions on the 
Surface of the Subject (living body), simultaneously detect 
ing lights transmitted through the inner Subject and dis 
charged out of the Subject again at a plurality of detection 
positions on the Surface of the Subject, and imaging and 
measuring living-body information about the inner Subject 
using the detected signals, wherein modulation frequencies 
of the lights launched within the subject from the plurality 
of incident positions are made different from one another 
every incident positions and the lights having the modula 
tion frequencies different from each other every detection 
portions are selectively separated and detected at the plu 
rality of detection positions. Referring to FIG. 2, for 
example, lights intensity-modulated with modulation fre 
quencies f1, f2 and f3 different from each other are simul 
taneously applied from incident positions IP1, IP2 and IP3. 
At detection positions DP1, DP2 and DP3, only the lights 
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having the modulation frequencies f1, f2 and f3 are selec 
tively separated and detected so as to correspond to the 
incident positions IP1, IP2 and IP3. Thus, only the light 
having the modulation frequency f2, which has been applied 
from the incident position IP2 an as passed into or through 
a Subject (living body), can be separated from the lights 
having the modulation frequencies f1 and f3 incident from 
the incident positions IP1 and IP3 and selectively detected at 
the detection position DP2, for example. Namely, only the 
components of the light incident from the incident position 
IP2 are contained in the light detected at the detection 
position DP2, and no components of the lights incident from 
other incident positions IP1 and IP3 are contained therein. 
Thus, the light (corresponding to the light passing through 
the living body) having the modulation frequency f2, which 
has been selected and detected at the detection position DP2, 
includes inner living-body information at a measurement 
position MP2 located between the incident position IP2 and 
the detection position D22 in plenty. However, the light little 
contains inner living-body information on measurement 
positions MP1 and MP3. Namely, information about other 
measurement positions MP1 and MP3 are not mixed into the 
information about the measurement position MP2 to be 
measured at the detection position DP2. This is entirely the 
same even to other detection positions DP1 and DP3. Thus, 
crosstalk-free measurements can be made to the respective 
measurement positions. 

0065. When a plurality of lights different in wavelength 
from each other are used as lights to be incident onto a living 
body and the lights transmitted through the living body are 
spectroscopically measured in order to quantitatively mea 
Sure concentrations of chromophones such as hemoglobin, 
cytochrome aa, myoglobin, etc. in the living body, modu 
lation frequencies different every wavelengths can be 
assigned and applied to the plurality of incident lights. In 
doing so, a plurality of lights different in wavelength can be 
electrically spectroscopically-measured by separating and 
detecting (lock-in detecting) the plurality of lights different 
in wavelength transmitted through the same measurement 
positions and reaching the same detection positions every 
their modulation frequencies, without depending on a spec 
troscopic method accompanied with optical losses such as 
reflection, Scattering, etc. of an optical filter, grating, a prism 
or the like, etc. 

0.066 If a method of modulating the incident lights with 
the different modulation frequencies is used, then lights 
incident from other incident positions can be also detected at 
respective detection positions by changing modulation fre 
quencies of lights selected and detected at the respective 
detection positions. If the modulation frequency of the light 
detected at the detection position DP2 is set to f2 when the 
modulation frequencies of the lights incident from the 
incident positions IP1, IP2 and IP3 are respectively f1, f2 
and f3 in FIG. 2, for example, then only the light incident 
from the incident position IP2 is selected and detected at the 
detection position DP2. However, if the modulation fre 
quency of the light detected at the detection position DP2 is 
changed to f1 and f3, it is then possible to select and detect 
only the lights incident from the incident positions IP1 and 
IP3. This is similar to the above even in the case of the 
detection positions DP2 and DP3. Since this advantage 
further relates to the layout of more efficient light incidence? 
detection points, the details thereof will next be described. 
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0067. When specific incident positions and detection 
positions are exclusively assigned to a plurality of measure 
ment positions every measurement positions, i.e., when the 
number of the measurement positions is three as shown in 
FIG. 2, for example, the number of the incident positions 
and the number of the detection positions need three respec 
tively. Thus, if incident positions IP1 and IP2 and detection 
positions DP1 and DP2 are alternately placed in lattice form 
to enable the sharing of the incident position IP1 between 
measurement positions MP1 and MP4 and the sharing of the 
incident position IP2 between measurement positions MP2 
and MP3 and to enable the sharing of the detection position 
DP1 between the measurement positions MP1 and MP2 and 
the sharing of the detection position DP2 between the 
measurement positions MP3 and MP4 as shown in FIG. 4, 
then the number of the incident positions and the number of 
the detection positions necessary for the total four measure 
ment positions can be set to two respectively. Namely, when 
modulation frequencies of lights incident from the incident 
positions IP1 and IP2 shown in FIG. 4 are respectively set 
to f1 and f2 and modulation frequencies of lights detected at 
the detection positions DP1 and DP2 are respectively set to 
f1 in accordance with the aforementioned modulation mea 
Surement method, information about the measurement posi 
tions MP1 and MP4 can be selected and measured at the 
detection positions DP1 and DP2. On the other hand, when 
the modulation frequencies of the lights detected at the 
detection positions DP1 and DP2 are set to f2., information 
about the measurement positions MP2 and MP3 can be 
selected and measured at the detection positions DP1 and 
DP2. Thus, the number of the incident positions (hence the 
number of light Sources accompanied therewith) and the 
number of the detection positions (hence the number of 
detection devices accompanied therewith) can be greatly 
reduced and systematic efficiency can be improved. Further, 
the instrument configuration can be set to a small-sized and 
easy-to-handle one. 

0068 The present invention will hereinafter be described 
in detail by embodiments. 

First Embodiment 

0069 FIG. 1 schematically illustrates a configuration of 
an optical measurement instrument for a living body, accord 
ing to a first embodiment of the present invention. 
0070 The present embodiment shows an instrument con 
figuration wherein the number of measurement channels 
(i.e., the number of measurement positions) is set to 64 
assuming that an inside cerebrum is imaged and measured 
by applying light to it from above the Scarf skin of a human 
head, for example and detecting the light. 
0071. A light source unit 1 comprises sixteen optical 
modules 2(1), 2(2). . . . and 2(16). Each of the optical 
modules 2(1), 202). . . . and 2016) comprises three laser 
diodes which respectively individually apply lights having a 
plurality of wavelengths (three wavelengths of 770 nm, 805 
nm and 830 nm, for example) placed within a visible 
infrared wavelength region. All the laser diodes (48 diodes 
in total) included in the light source unit 1 respectively 
produce or emit laser beams modulated by different modu 
lation frequencies in response to modulation signals output 
ted from an oscillator unit 3 composed of forty-eight oscil 
lators whose oscillation frequencies differ from each other. 
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0072 FIG. 5 shows specific configurations inside the 
respective optical modules. The optical module 2C1) 
includes therein laser diodes 3(1-a), 3(1-b) and 3(1-c) and 
driver circuits 4(1-a), 4(1-b) and 4(1-c) for these laser 
diodes. Now, the figures (1) inside the parentheses, which 
exist within reference numerals assigned to the elements of 
structure, indicate elements that belong to the inside of the 
optical module of a module number 1. The alphabetical 
characters (a, b, c) respectively indicate elements included in 
a circuit unit for outputting laser beams respectively having 
wavelengths a (770 nm), b (805 nm) and c (830 nm). Output 
laser beams produced from the laser diodes 3(1-a), 3(1-b) 
and 3(1-c) are modulated with their corresponding modula 
tion frequencies by Supplying modulation signals having 
different modulation frequencies f(1-a), f(1-b) and f(1-c) to 
the driver circuits 4(1-a), 4(1-b) and 4(1-c) from their 
corresponding oscillators in the oscillator unit 3. The output 
laser beams produced from the respective laser diodes are 
individually introduced into optical fibers 6 through lenses 
5. The lights introduced into the individual optical fibers 6 
are introduced into a single incident optical fiber 8-1 through 
an optical fiber coupler 7. 

0073. Thus, the three lights different in wavelength from 
each other are introduced into the incident optical fibers 8-1, 
8-2, ... and 8-16 every optical modules. The lights, which 
have passed through the sixteen incident optical fibers, are 
respectively simultaneously applied to a subject 9 from 
different sixteen incident positions on the surface of the 
subject 9. Since the three types of lights different in wave 
length and modulation frequency from one another are 
simultaneously applied from the respective incident posi 
tions, the forty-eight types of lights in total are simulta 
neously launched into the subject 9. 
0074 Next, lights (corresponding to lights subjected to 
absorption and scattering by having passed through the 
subject and emitted from the surface of the subject to the 
outside) reflected from the subject 9 are taken in detection 
optical fibers 10-1, 10-2, ... and 10-25 disposed at twenty 
five detection positions in total on the surface of the subject. 
0075 FIG. 6 shows an example of a geometrical layout 
of incident positions (IP)1 through (IP)16 and detection 
positions (DP)I through DP(25) on the surface of the subject 
9. In the present embodiment, the incident positions (IP) and 
the detection positions (DP) are alternately disposed in 
square lattice form. Assuming that middle points between 
the incident positions (IP) and detection positions (DP) 
adjacent to one another are defined as measurement posi 
tions (MP), the number of combinations of the incident 
positions (IP) and detection positions (DP) adjacent to one 
another exist as 64 types. Therefore, the number of the 
measurement positions (MP), i.e., the number of measure 
ment channels results in 64. 

0076. It has been reported by, for example, P. W. McCor 
mic: “Intracerebral penetration of infra-red light'. J. Neu 
rosurg., vol. 76, pp. 315-318, (1992), that assuming that the 
interval between the incident position and detection position 
adjacent to each other is set to about 3 cm when the subject 
9 is a human head, light detected at each incident position 
has information about the inside cerebrum. Thus, if the 
sixty-four measurement channels are set in the layout con 
figuration shown in FIG. 6, intracerebral information can be 
measured in an about 15 cmx15 cm wide region as a whole. 
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0077. The reflected lights captured by the detection opti 
cal fibers 10-1 through 10-25 are separately detected by 
twenty-five optical detection devices (e.g., photo-diodes) 
11-1, 11-2, ... and 11-25 in total every detection positions 
(i.e., every detection optical fibers). Electric signals output 
ted from the respective optical detection devices are sepa 
rated and measured by a lock-in amplifier module 12 com 
posed of a plurality of lock-in amplifiers every incident 
positions and modulation frequencies corresponding to the 
wavelengths of the incident light. 
0078. A specific example of a signal separation method 
will now be described with reference to FIG. 7 by using a 
signal detected at a detection position (DP)7 shown in FIG. 
6, i.e., a signal detected at the optical detection device 
(photo-diode) 11-7 as an example. At the detection position 
(DP)7, lights or light beams incident from four incident 
positions (IP)1, (IP)2. (IP)5 and (IP)6 adjacent to the detec 
tion position (DP)7, i.e., lights transmitted through measure 
ment positions (MP)10, (MP)11, (MP) 18 and (MP) 19 are 
used for detection. The light detected by the optical detec 
tion device 11-7 principally contains twelve types of modu 
lation signals comprising modulation frequencies f(1-a). 
f(1-b), f(1-c), f(2-a), f(2-b), f(2-c), f(5-a), f(5-b), f(5-c). 
f(6-a), f(6-b) and f(6-c) incident from the incident positions 
(IP)1, (IP)2. (IP)5 and (IP)6. Therefore, the signal outputted 
from the optical detection device 11-7 is distributed and 
inputted to twelve lock-in amplifiers 13-31, 13-32. . . . and 
13-42 in which their corresponding modulation frequencies 
are defined as reference signals, where the distributed sig 
nals are separated and amplified every modulation frequen 
cies. Since a reference signal frequency is set to f(1-a) at the 
lock-in amplifier 13-31, for example, only a signal compo 
nent corresponding to light (i.e., light whose modulation 
frequency is f(1-a)) having a wavelength of 770 nm, which 
is incident from the incident position (IP)1, is separated 
and/or selected from the lightwave signals detected by the 
optical detection device 11-7 and amplified. Namely, a 
signal outputted from the lock-in amplifier 13-31 includes 
only living-body reaction information Such as absorption 
and scattering, etc. with respect to the light having the 
wavelength of 770 nm at the measurement position (MP)10 
existing between the incident position (IP) 1 and the detec 
tion position (DP)7. Even in the case of other lock-in 
amplifiers, only lights having specific wavelengths, which 
have been applied from specific incident positions respec 
tively, are selectively detected in the same manner as 
described above. 

0079 Thus, the individual lock-in detection of lightwave 
signals detected at other detection positions, i.e., signals 
detected by other optical detection devices with intrinsic 
modulation frequencies defined in association with their 
corresponding light incident positions and incident light 
wavelengths makes it possible to separate and measure the 
quantities of detected lights with respect to all the measure 
ment positions and incident light wavelengths. When the 
three lights of wavelengths are respectively measured at the 
sixty-four measurement positions shown in the present 
embodiment, the 192 lock-in amplifiers 13-1, 13-3, . . . and 
13-192 in total are included in the lock-in amplifier module 
12. 

0080 Analog output signals produced from these 192 
lock-in amplifiers are respectively converted into digital 
signals by an analog-to-digital converter 14 having 192 
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channels. The converted digital signals are recorded in a data 
memory unit 15 through a control unit 18. The recorded 
signals, i.e., concentrations in oxy- and deoxy-hemoglobin 
and the total concentration in hemoglobin corresponding to 
the Sum of these hemoglobin concentrations are arithmeti 
cally processed and determined by a signal processing unit 
16 using the quantities of detection lights with respect to the 
three wavelengths every measurement positions in accor 
dance with, for example, a method described in the writings 
“Two-wavelength Spectrophotometry and Its Application' 
edited by Shozo Shibata, et al. published in 1979 by Kodan 
sha. 

0081. The concentrations in oxy- and deoxy-hemoglobin 
and the total concentration in hemoglobin determined every 
measurement positions are displayed on a display 17 as 
topographic images, for example. Incidentally, data used for 
the display of the topographic images are determined by 
interpolating (e.g., linear-interpolating) the respective hemo 
globin concentrations at the respective measurement posi 
tions between the measurement positions. The above-de 
scribed operations of the respective units in the instrument 
are controlled by the control unit 18. 
0082. A helmet or cap-shaped probe 21 shown in FIG. 8, 
for example, is used for the application of light to a subject 
(human head) and its detection. The probe 21 is constructed 
by, for example, using a thermoplastic sheet having a 
thickness of about 3 mm as a base material, forming a mold 
matched with outside dimensions in a subject measurement 
region in advance with the based material, and fixing and 
mounting it to the outer surface of the subject with elastic 
cord braids 22 or the like, for example. An example of a 
more specific structure of the probe 21 will be described 
with reference to FIG. 9. Holes are defined in a probe base 
23 at a plurality of positions corresponding to the positions 
of application of light to the subject 9 and the positions for 
detection of light reflected from the subject 9. Further, 
optical fiber holders 24 are fixedly mounted in their corre 
sponding holes. Each optical fiber holder 24 comprises a 
hollow-cylindrical holder body 24, a body fixing screw 25 
and an optical fiber fixing screw 26. In the optical fiber 
holders 24, the holder bodies 24 are inserted into their 
corresponding holes defined in the probe base 23 and 
thereafter tightened and fixed to the probe base 23 with the 
body fixing screws 25. Besides, incident optical fibers or 
detection optical fibers are inserted into their corresponding 
central holes of the hold bodies 24 and thereafter fixed with 
their corresponding optical fiber fixing screws 26 in States in 
which ends of the optical fibers are in slight contact with the 
surface of the subject 9. 

0083. The present embodiment shows the case in which 
the number of the measurement channels is 64. It is however 
needless to say that the embodiment of the present invention 
is by no means limited to the number of these measurement 
channels. Incidentally, the present embodiment can be easily 
applied to a so-called optical computed tomography system 
of a type wherein data obtained by effecting tomography on 
an inner living body with light is image-processed by a 
computer. 

0084. According to the present embodiment, an optical 
measurement instrument for a living body can be obtained 
which is capable of measuring information about an inner 
living body as an image within a wide space region with 
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satisfactory efficiency on a time and system basis and 
providing a small and simple instrument configuration. 

Second Embodiment 

0085 FIG. 10 schematically shows a configuration of an 
optimal measurement instrument for a living body, accord 
ing to a second embodiment of the present invention. 
0086) The present embodiment is similar in basic con 
figuration of the measurement system to the first embodi 
ment but different in configuration of the light source unit 1 
from the first embodiment. FIG. 10 shows a configuration of 
a light source unit 1 employed in the second embodiment. 
0087 Alight source having a wavelength of 770 nm, e.g., 
a semiconductor laser or laser diode 31 is driven by a laser 
driver circuit 41 so as to emit modulation-free continuous 
light therefrom. The light is introduced into an optical fiber 
6-1 and thereafter distributed to sixteen optical fibers 61-1 
through 61-16 through an optical fiber coupler 51. 
0088. The sixteen optical fibers include light modulators 
71-1 through 71-16 in their paths, respectively. Configura 
tions of these light modulators will be shown in FIG. 11 by 
the light modulator 71-1 as an example. For example, a 
liquid crystal filter 101 is incorporated into the light modu 
lator 71-1. The liquid crystal filter 101 is supplied with a 
modulation Voltage signal produced from an oscillator in an 
oscillator unit 3 so as to periodically repeat the turning on 
and off. In the light modulator 71-1, for example, a modu 
lation Voltage signal whose modulation frequency is f(1-a). 
is applied to the liquid crystal filter 101. The light incident 
from the optical fiber 61-1 is applied to the liquid crystal 
filter 101 through a lens 5. The light transmitted through the 
liquid crystal filter 101 is focused through a lens 5 so as to 
be introduced into an optical fiber 81-1. Now, the light 
modulators 71-1 through 71-16 are activated such that liquid 
crystal filters thereof are turned on and off by modulation 
frequencies different from one another, e.g., f(1-a), f(2-a), . 
... and f(16-a). In place of the liquid crystal filter, one using 
a rotary mechanical light chopper may be used as the light 
modulator. Thus, the lights modulated with the different 
modulation frequencies by the light modulators 71-1 
through 71-16 are introduced into and transmitted via their 
corresponding optical fibers 81-1 through 81-16. 
0089. Similarly, light sources (laser diodes having wave 
lengths of 805 nm and 830 nm, for example) 32 and 33 
having other wavelengths in the light Source unit 1 are 
respectively driven by laser driver circuits 42 and 43. Lights 
outputted from the light sources 32 and 33 are respectively 
transmitted to optical fiber couplers 52 and 53 through 
optical fibers 6-2 and 6-3 from which the lights are distrib 
uted to sixteen optical fibers 62-1 through 62-16 and sixteen 
optical fibers 63-1 through 63-16 respectively. The lights 
distributed to the optical fibers 62-1 through 62-16 and 63-1 
through 63-16 are respectively modulated with different 
modulation frequencies by light modulators 72-1 through 
72-16 and 73-1 through 73-16. Namely, modulation signals 
whose modulation frequencies are f(1-b), f(2-b), . . . and 
f(16-b) different from one another, are applied to their 
corresponding light modulators 72-1 through 72-16. Further, 
modulation signals whose modulation frequencies are f(1-c). 
f(2-c. . . . and f(16-c) different from one another, are applied 
to their corresponding light modulators 73-1 through 73-16. 
The lights, which have passed through the light modulators 
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72-1 through 72-16, are introduced into and transmitted 
through their corresponding optical fibers 82-1 through 
82-16. Further, the lights transmitted through the light 
modulators 73-1 through 73-16 are introduced into and 
transmitted through their corresponding optical fibers 83-1 
through 83-16. 
0090 Thus, the forty-eight types of lights in total differ 
ent in modulation frequency from one another, which have 
been modulated individually by the total of forty-eight light 
modulators 71-1 through 71-16, 72-1 through 72-16 and 
73-1 through 73-16 and individually introduced into and 
transmitted through the total of forty-eight optical fibers 
81-1 through 81-16, 82-1 through 82-16 and 83-1 through 
83-16, are next collected every wavelengths in the following 
instructions or directions and introduced into respective one 
optical fibers (sixteen optical fibers in total). Namely, the 
lights transmitted through the optical fibers 81-1, 82-1 and 
83-1 are collectively introduced into a single incident optical 
fiber 8-1 through an optical fiber coupler 91-1. Similarly, the 
lights transmitted through the optical fibers 81-16, 82-16 and 
83-16 are collectively introduced into a single incident 
optical fiber 8-16 through an optical fiber coupler 91-16. 
0.091 Thus, the three types of lights (forty-eight types of 
lights in total) different in wavelength and modulation 
frequency from one another are applied to the Surface of the 
subject 9 by the sixteen incident optical fibers 8-1 through 
8-16 in a manner similar to the aforementioned first embodi 
ment. Incidentally, a method of measuring light reflected 
from the subject 9 is similar to that employed in the first 
embodiment. 

0092 According to the present embodiment, an optical 
measurement instrument for a living body can be obtained 
which is capable of measuring information about an inner 
living body as an image within a wide spatial region with 
satisfactory efficiency on a time and system basis and 
providing a small and simple instrument configuration. 
<<High Sensitive Measurement for Information on Deep 
Tissues) 

0093. The present invention provides an optical measure 
ment instrument for a living body, which is capable of 
measuring information on a small region at a depth-in a 
Subject (living body) with high sensitivity and high resolu 
tion. 

0094. An optical measurement instrument for a living 
body, which irradiates the living body with visible-infrared 
region light and detects light reflected from a depth region 
in the living body, spaced by about 10 to 50 mm from an 
incident position to thereby obtain living-body information 
on the deep tissue region, has heretofore been disclosed in, 
for example, Japanese Patent Application Laid-Open Nos. 
63-277038 and 5-300887. This type of conventional instru 
ment, however, encounters difficulties in obtaining the liv 
ing-body information about the Small region at the depth in 
the living body with Sufficient accuracy of measurement. 
0.095 Namely, since incident light is greatly diffused into 
the living body due to a strong light scattering character 
(scattering coefficient=about 1.01/mm or so) in the living 
body upon living body measurement using the light, infor 
mation over a wide range in the living body is contained in 
the result of measurement. In particular, a spatial depen 
dence on detection sensitivity presents a problem in that the 
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sensitivity of shallow tissue near a light incident position 
and a light detection position becomes greater than that of 
deep tissue. Therefore, the conventionally-proposed method 
encounters difficulties in measuring a concentration change 
of a light-absorption Substance in a deep tissue region with 
satisfactory accuracy. When a change of hemo-dynamics of 
a brain is measured from above the Scalp, a problem arises 
in that due to the above reason, the change of hemo 
dynamics in a relatively shallow region just below the scalp 
greatly reflects on a measured value. 
0096. Examples of results obtained by determining rela 
tive sensitivity distributions about concentration changes of 
a light-absorption Substance in a living body, using the 
above-described prior art are shown in FIGS. 12 through 
14. In the examples, the surface of the living body is 
regarded as a plane and a plane parallel to the Surface of the 
living body is defined as an X plane. Further, light is applied 
to the inner living body from a position represented by 
x=32.5 mm and y 17.5 mm on the surface of the living body. 
The applied light is focused at a position represented by 
x=32.5 mm and y=47.5 mm, which is spaced by 30 mm from 
a light incident position. In Such a case, a relative sensitivity 
distribution obtained at a 2.5 mm-depth position, a relative 
sensitivity distribution obtained at a 7.5 mm-depth position 
and a relative sensitivity distribution obtained at a 12.5 
mm-depth position are shown in FIGS. 12, 13 and 14 
respectively. It is understood from these drawings that 
although the relative sensitivity distribution in the surface 
tissue region (FIG. 12) is highly steep, whereas the relative 
sensitivity distribution in the deep tissue region (FIG. 14) is 
low dulled. Thus, the influence of light absorption and 
scattering in the Surface tissue region becomes very large. 
Accordingly, the prior art encounters difficulties in measur 
ing the concentration change of the light-absorption Sub 
stance in the deep tissue region with high accuracy. 

0097 Thus, the present invention is constructed in such 
a manner that when an inner living body is irradiated with 
lights from a plurality of light incident positions on the 
Surface of a Subject and the lights transmitted through the 
Subject are focused and detected at a plurality of light 
detection positions on the surface of the subject, the rela 
tionship of placement between the plurality of light incident 
positions and the plurality of light detection positions is set 
or established so that optical paths of the lights (transmitted 
lights) irradiated or incident from the plurality of light 
incident positions and transmitted through the Subject over 
lap each other in a desired measurement region in the is 
Subject, and light detection signals obtained at the plurality 
of light detection positions are arithmetically processed, 
thereby improving detection sensitivity with respect to opti 
cal information within the desired measurement region 
(relatively reducing detection sensitivity with respect to 
optical information on regions other than the desired mea 
Surement region). 

0098. The aforementioned characteristic configurations 
of the present invention will be described below in more 
details. 

0099. An optical measurement instrument for a living 
body, according to the present invention, which is used for 
measuring information on a deep Subject (living body), 
basically comprises light incident means having a plurality 
of incident portions or units for irradiating an inner Subject 
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with a plurality of incident lights different in wavelength 
from one another from a plurality of incident positions on 
the Surface of the Subject, collecting light means having a 
plurality of light gathering or collecting portions or units for 
collecting lights (transmitted lights) irradiated or incident 
from the plurality of light incident positions and transmitted 
through the Subject at a plurality of detection positions on 
the Surface of the Subject, said units being provided in Such 
a layout relationship that optical paths of the lights (trans 
mitted lights) incident from the plurality of incident units 
and transmitted through the Subject overlap each other in a 
predetermined measurement region in the Subject, light 
detection means having a plurality of optical detection 
portions or units for detecting intensities every plural inci 
dent positions and plural wavelengths, of the transmitted 
lights collected by the plurality of light collecting units, and 
signal processing means for performing signal processing 
for improving measurement sensitivity with respect to opti 
cal information on the predetermined measurement region in 
the Subject or reducing measurement sensitivity with respect 
to optical information on regions other than the predeter 
mined measurement region to thereby obtain the optical 
information on the predetermined measurement region from 
light intensity detection signals produced from the plurality 
of optical detection units. 
0100. The light intensities of the transmitted-light com 
ponents every incident positions and wavelengths may be 
obtained by giving intensity modulation to the plurality of 
incident lights with modulation frequencies different every 
incident positions and wavelengths and separating and 
detecting only the light components intensity-modulated 
with predetermined modulation frequencies from the trans 
mitted lights collected by the light collecting units or by 
arithmetically processing the detection signals of the trans 
mitted lights collected by the light collecting units. Further, 
the light intensities of the transmitted-light components 
every incident positions and wavelengths may be obtained 
by spectroscopically measuring the transmitted lights col 
lected by the light collecting units with spectroscopes every 
wavelengths and separating and detecting (lock-in detect 
ing) only light components intensity-modulated with prede 
termined modulation frequencies from the spectroscopi 
cally-measured respective wavelength components. Here, 
the above optical information to be measured corresponds to 
an absorption coefficient in the Subject (living body). 
0101. In the present invention, a photoelectric conversion 
unit for photoelectrically converting transmitted light (or 
transmitted light of a predetermined wavelength having a 
predetermined intensity modulation frequency) having a 
predetermined intensity modulation frequency into a trans 
mitted light intensity signal having the predetermined inten 
sity modulation frequency and a phase sensitive detection 
unit Supplied with the transmitted light intensity signal 
produced from the photoelectric conversion unit are used. 
Reference signals corresponding to intensity modulation 
frequencies applied to incident lights of wavelengths from 
their corresponding incident positions are inputted to the 
phase sensitive detection unit, so that a signal corresponding 
to the intensity of a transmitted light component with a 
predetermined intensity modulation frequency can be out 
putted from the phase-sensitive detection unit. Alternatively, 
the photoelectric conversion unit and an A/D (analog-to 
digital) converter Supplied with the transmitted light inten 
sity signal from the photoelectric conversion unit are used. 
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The transmitted light intensity signal produced from the 
photoelectric conversion unit is inputted to the A/D con 
verter to determine a transmitted light intensity signal in a 
frequency space by Fourier transformation. Further, a signal 
corresponding to an intensity modulation frequency given 
for each predetermined incident position or predetermined 
wavelength is inputted to the A/D converter to determine a 
predetermined reference frequency by Fourier transforma 
tion. A signal component of a frequency equal to the 
predetermined reference frequency is determined by com 
putation from the transmitted light intensity signal in the 
frequency space. This may be used as an intensity signal 
having a transmitted light component with a predetermined 
intensity modulation frequency. 
0102) The plurality of incident units and the plurality of 
light collecting units can be disposed in Such a manner that 
vertical lines or perpendiculars (corresponding to straight 
lines normal to the surface of the subject) substantially 
passing through the center of the predetermined measure 
ment region are placed on at least one circle having a 
predetermined diameter at equal intervals with a point 
intersecting the Surface of the Subject as the center and the 
respective one incident units and the respective one light 
collecting units are respectively set as pairs and placed in a 
point symmetrical position relationship with the center of 
the circle as a point symmetrical center. In this case, arith 
metic or signal processing is performed for detecting trans 
mitted light intensities corresponding to incident lights every 
wavelengths from respective light incident positions every 
light collecting positions and every wavelengths, selecting 
transmitted light intensities incident every wavelengths from 
the light incident positions positionally symmetric with 
respect to their corresponding light collection positions from 
the transmitted light intensities incident every wavelengths 
from the respective light incident positions, selecting the 
transmitted light intensities detected on the same circle from 
the selected transmitted light intensities, and effecting mul 
tiplication or integrating processing on intensities of trans 
mitted lights having predetermined wavelengths, which 
have been detected on the same circle. Further, a transmitted 
light intensity arithmetic process is performed by using 
intensities of transmitted light collected by the light collect 
ing units placed on the circle Small in diameter as informa 
tion from a shallow portion in the Subject and utilizing 
intensities of transmitted light collected by the light collect 
ing units placed on the circle large in diameter as informa 
tion from a deep portion in the Subject. 
0103). Further, the plurality of incident units and the 
plurality of light collecting units can be disposed in square 
lattice form. In this case, the incident units and light col 
lecting units are respectively placed on nodes of respective 
rows of the square lattices so that the rows along which the 
incident units are placed and the rows along which the light 
collecting units are placed, are provided in an alternating 
sequence. Moreover, the plurality of incident units and the 
plurality of light collecting units can be disposed in regular 
hexagonal lattice form. In this case, the incident units and 
the light collecting units are alternately disposed on respec 
tive nodes of the regular hexagonal lattice. 
0104. As light to be applied to the subject (living body), 
light having a wavelength near 805 nm is used. An oxy 
hemoglobin concentration change in the living body, a 
deoxy-hemoglobin concentration change in the living body, 
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and a total hemoglobin concentration change computed as 
the Sum of the oxy-hemoglobin concentration change and 
the deoxy-hemoglobin concentration change are determined 
from the intensity of the transmitted light. A time variation 
in the total hemoglobin concentration change can be dis 
played. The total hemoglobin concentration change may be 
determined directly from the transmitted light intensity. As 
the lights to enter into the subject (living body), incident 
lights having a plurality of wavelengths (at least two wave 
lengths) ranging from 700 nm to 1100 nm can be used. 
0105 Time variations in the total hemoglobin concentra 
tion change computed as the Sum of the aforementioned 
oxy-hemoglobin concentration change and deoxy-hemoglo 
bin concentration change, and the oxy-hemoglobin concen 
tration change or the deoxy-hemoglobin concentration 
change can be respectively represented in the form of lines 
(graphs) by changing the color, type or thickness or the like 
of each line. For example, the oxy-hemoglobin concentra 
tion change may be displayed with the red or pink, the 
deoxy-hemoglobin concentration change may be displayed 
with the blue, hemoglobin dark blue or green, and the total 
concentration change may be displayed with the black or 
brown. Further, images corresponding to the total hemoglo 
bin concentration change computed as the Sum of the 
oxy-hemoglobin concentration change and the deoxy-hemo 
globin concentration change, and the oxy-hemoglobin con 
centration change or the deoxy-hemoglobin concentration 
change may be represented in the form of colors or inten 
sities corresponding to their concentration changes. When 
each concentration change is positive, the images may be 
represented with a dark red color or a high intensity as the 
absolute value of the value of the concentration change 
increases. On the other hand, when the concentration change 
is negative, the images may be represented with a dark blue 
color or a low intensity as the absolute value of the value of 
the concentration change decreases. 
0106 When the plurality of incident units and the plu 
rality of light collecting units are placed on the same circle, 
the intensities of transmitted lights having predetermined 
wavelengths, which have been detected on the circle, can be 
arithmetically processed with the total hemoglobin concen 
tration change computed as the sum of the oxy-hemoglobin 
concentration change and the deoxy-hemoglobin concentra 
tion change, and the oxy-hemoglobin concentration change 
or the deoxy-hemoglobin concentration change in a prede 
termined range region of a predetermined depth in the 
Subject on perpendiculars normal to the Surface of the 
Subject or a predetermined range region of a predetermined 
rotor with each perpendicular as the axis of rotation being 
regarded as reflected. In this case, the diameter of the circle 
can be set so as to fall within a range from 25 mm to 35 mm 
and the depth thereof can be set so as to fall within a range 
from 12 mm to 25 mm. Further, the covering of the surfaces 
of the incident units or light collecting units, which make 
contact with the surface of the subject, with members 
flexible and high permeable into the incident light allows the 
incident units or light collecting units to lessen irritation to 
the subject. 
0107 Thus, the plurality of incident units and the plural 
ity of light collecting units are placed on the circle having 
the predetermined diameter so that the optical paths in the 
subject, of the lights incident from the plurality of incident 
units overlap each other, only the transmitted lights corre 
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sponding to the lights incident from the incident units 
located in the positions opposed to the respective light 
collecting units are selectively detected, and the intensities 
of the transmitted lights detected by their corresponding 
light collecting units are subjected to multiplication. As a 
result, the measurement sensitivity in the region (region to 
be measured) located in the predetermined deep position 
inside the subject as seen from the central position of the 
circle on the surface of the subject can be improved. 
0.108 According to the present invention, as has been 
already described above, since a plurality of measurement 
channels formed between a plurality of light incident posi 
tions and a plurality of light detection positions can be 
measured simultaneously and without crosstalk, the plurality 
of pairs of light incident positions and detection positions 
are disposed on the circumference Surrounding specific 
measured portions at deep positions in a living body and the 
middle positions (measurement positions) of the respective 
pairs of light incident and detection positions are caused to 
coincide with the specific measured portions, so that only 
information about the specific measured portions can be 
selectively and concentratedly detected. Thus, the living 
body information on the specific portion at the deep position 
in the Subject can be measured with high sensitivity. 

Third Embodiment 

0109) An optical measurement instrument for a living 
body, according to a third embodiment of the present inven 
tion, which is suitable for use in the measurement of 
information on deep tissue, will hereinafter be described. 
0110. In the present embodiment, two types of lights 
(lights of two wavelengths) different in wavelength from 
each other are used as incident lights with the objective of 
measuring oxy- and deoxy-hemoglobin concentration 
changes in a subject (living body). Further, the number of 
light incident positions and the number of light detection 
positions are set to two respectively. It is however easy to 
further increase the number of these incident lights (number 
of wavelengths), the number of the light incident positions 
and the number of the light detection positions. It is needless 
to say that with the increase in the number of the incident 
lights (number of wavelengths), light-absorption Substance 
concentration changes in other living bodies Such as cyto 
chrome, myoglobin, etc. can be measured as well as the oxy 
and deoxy-hemoglobin concentration changes. 
0.111 FIG. 15 shows a schematic configuration of the 
optical measurement instrument for the living body, accord 
ing to the present embodiment. 
0112 Output lights emitted from a plurality of light 
sources 1-1, 1-2, 1-3 and 1-4 (four light sources in the 
present embodiment) are introduced into their correspond 
ing incident optical fibers 2-1, 2-2, 2-3 and 2-4. Here, the 
wavelengths of the output lights emitted from the light 
sources 1-1 and 1-3 are represented as W1 and the wave 
lengths of the output lights emitted from the light sources 
1-2 and 1-4 are represented as 2. Incidentally, the wave 
lengths 1 and u2 are selected from within wavelengths 
ranging from 400 nm to 2400 nm. Particularly when hemo 
dynamics in the living body are measured, the wavelengths 
may preferably be selected from within wavelengths ranging 
from 700 nm to 1100 nm so that the difference therebetween 
falls within 50 nm. Further, the output lights emitted from 
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the light sources 1-1, 1-2, 1-3 and 1-4 are respectively 
intensity-modulated with mutually-different modulation fre 
quencies f1, f2, f3 and f4 falling between 100 Hz and 10 
MHz by their corresponding light-source driver circuits 4-1, 
4-2, 4-3 and 4-4. Modulation frequency signals A, B, C and 
D outputted from the respective light-source driver circuits 
4-1, 4-2, 4-3 and 4-4 are inputted to their corresponding 
phase sensitive detectors 27-1, 27-2, 27-3 and 27-4 as 
reference frequency signals. 

0113. The optical fibers 2-1 and 2-2 are electrically 
connected to an optical coupler 3-1. Further, the optical 
fibers 2-3 and 2-4 are electrically connected to an optical 
coupler 3-2. The lights emitted from the light sources 1-1 
and 1-2 are mixed together in the optical coupler 3-1, which 
in turn is introduced into an incident optical fiber 8-1. The 
lights emitted from the light sources 1-3 and 1-4 are mixed 
together in the optical coupler 3-2, which in turn is intro 
duced into an incident optical fiber 8-2. The incident optical 
fibers 8-1 and 8-2 and detection optical fibers 10-1, 10-2 are 
fixed by an optical fiber holder 21 and brought into contact 
with the surface of a subject (human head) 9. 

0114. The subject 9 is irradiated with the lights from the 
incident optical fibers 8-1 and 8-2, and the detection optical 
fibers 10-1 and 10-2 are respectively introduced into the 
optical detectors 11-1 and 11-2 where they are photoelec 
trically converted and detected. As the optical detectors 11-1 
and 11-2, a photomultiplier tube or an avalanche photodiode 
is used. An output signal delivered from the optical detector 
11-1 is divided into two, which in turn are inputted to phase 
sensitive detectors 27-1 and 27-2 respectively. An output 
signal delivered from the optical detector 11-2 is also 
divided into two, which in turn are respectively inputted to 
phase sensitive detectors 27-3 and 27-4. 
0115 The signals inputted to the phase sensitive detectors 
27-1, 27-2, 27-3 and 27-4 are respectively mixed with 
transmitted light intensity signals of lights of all wave 
lengths, which fall into the subject (living body). However, 
since the phase sensitive detectors 27-1, 27-2, 27-3 and 27-4 
are Supplied with the reference frequency signals A, B, C 
and D outputted from the light-source driver circuits 4-1, 
4-2, 4-3 and 4-4, only a transmitted light intensity compo 
nent corresponding to the incident light having the wave 
length W1 and the modulation frequency f1, which is out 
putted from the light source 1-1, is separated and detected 
from the phase sensitive detector 27-1, only a transmitted 
light intensity component corresponding to the incident light 
having the wavelength W2 and the modulation frequency f2., 
which is outputted from the light source 1-2, is separated and 
detected from the phase sensitive detector 27-2, only a 
transmitted light intensity component corresponding to the 
incident light having the wavelength W1 and the modulation 
frequency f3, which is outputted from the light source 1-3, 
is separated and detected from the phase sensitive detector 
27-3, and only a transmitted light intensity component 
corresponding to the incident light having the wavelength 2 
and the modulation frequency f4, which is outputted from 
the light source 1-4, is separated and detected from the phase 
sensitive detector 27-4. 

0116. The transmitted light intensity signal components 
having the wavelength 1, which have been detected by the 
phase sensitive detectors 27-1 and 27-31 are inputted to a 
multiplier 28-1 where both signal components are subjected 
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to multiplication. The transmitted light intensity signal com 
ponents having the wavelength W2, which have been 
detected by the phase sensitive detectors 27-2 and 27-4, are 
inputted to a multiplier 28-2 where both signal components 
are Subjected to multiplication. Signals outputted from the 
multipliers 28-1 and 28-2 are inputted to logarithm ampli 
fiers 29-1 and 29-2 respectively. Further, signals outputted 
from the logarithm amplifiers 29-1 and 29-2 are respectively 
inputted to A/D (analog-to-digital) converters 14-1 and 14-2 
where they are converted into digital signals, which in turn 
are taken in an operation unit 30. 

0.117 Based on the taken-in time-sequence signals hav 
ing the transmitted light intensities of two wavelengths, the 
operation unit 30 computes an oxy-hemoglobin concentra 
tion change, a deoxy-hemoglobin concentration change, and 
the Sum of the oxy-hemoglobin concentration change and 
the deoxy-hemoglobin concentration change, which indi 
cates the volume of blood. The result of computation by the 
operation unit 30 is displayed on a display device 17 as a 
time-sequence change graph. When the multiposition mea 
Surement (measurement on a plurality of measurement 
regions in the subject 9) is made by a similar device, the 
result of measurement can be displayed on the display 
device 17 as an image. 
0118 When the respective hemoglobin concentration 
changes are represented as time-sequence change graphs, 
the display device 17 changes display colors every hemo 
globin concentration change graphs if color-displayable, and 
thereby can display the hemoglobin concentration changes 
thereon, whereas if the display device 17 is color-undisplay 
able, then the display device 17 can display them thereon by 
changing the type or thickness or the like of display line 
every hemoglobin concentration change graphs. For 
example, when the display device 17 is color-displayable, 
the oxy-hemoglobin concentration change is displayed with 
the red or pink, the deoxy-hemoglobin concentration change 
is displayed with the blue, dark blue or green, and the total 
hemoglobin concentration change is displayed with the 
black, gray or brown. When the result of multiposition 
measurement is displayed as an image, it may be displayed 
with an contour-line image. Alternatively, it may be dis 
played by changing a display color or intensity in associa 
tion with a change in concentration change value. Further, 
the result of measurement may be displayed with the dark 
red or gray as the absolute value of a positive concentration 
change value increases, whereas as the absolute value of a 
negative concentration change value increases, it may be 
displayed with the dark blue or light white. 
0119) As the instrument configuration of the present 
invention, various modified configurational examples about 
a data acquisition unit ranging from the optical detectors 
11-1, 11-2 to the operation unit 30 shown in FIG. 15 are 
considered. FIGS. 16 through 20 illustrate these modified 
configurational examples about the data acquisition unit. 

0120 FIG. 16 shows a first modified configurational 
example about the data acquisition unit. In the present 
example, a configuration from light sources 1-1, 1-2, 1-3 and 
1-4 to detection optical fibers 10-1 and 10-2 (light incident 
units and light collecting units) is identical to that shown in 
FIG. 15 and these portions will be omitted from the drawing 
for simplification. Incidentally, symbols A, B, C and D 
enclosed with circles indicate reference frequency signals in 
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the same manner as in FIG. 15. These points are similar 
even to FIGS. 17 through 20 to be explained later. 
0121 The data acquisition unit shown in the present 
example comprises optical detectors 11-1 and 11-2, phase 
sensitive detectors 27-1, 27-2, 27-3 and 274, A/D converters 
14-1, 14-2, 14-3 and 14-4, and an operation unit 30. 
0122) A configuration up to the phase sensitive detectors 
27-1, 27-2, 27-3 and 27-4 is identical to that shown in FIG. 
15. In the present example, however, signals (transmitted 
light intensity signals) outputted from the phase sensitive 
detectors 27-1, 27-2, 27-3 and 27-4 are converted into digital 
signals by the A/D converters 14-1, 14-2, 14-3 and 14-4 
respectively, after which they are inputted to the operation 
unit 30. The operation unit 30 first performs multiplication 
between the transmitted light intensity signals identical in 
wavelength, of the input transmitted light intensity signals of 
all wavelengths. Thereafter, the operation unit 30 performs 
a natural logarithm operation on the result of multiplication 
or all of the firstly-inputted transmitted light intensity sig 
nals. Further, the operation unit 30 performs addition 
between the transmitted light intensity signals identical in 
wavelength with respect to the result of natural logarithm 
operation. The number of combinations of the transmitted 
light intensity signals identical in wavelength is two in total, 
which comprises a combination of the signals outputted 
from the A/D converters 14-1 and 14-3 and a combination of 
the signals outputted from the A/D converters 14-2 and 14-4. 

0123 FIG. 17 shows a second modified configurational 
example about the data acquisition unit. 
0.124. The data acquisition unit shown in the present 
example comprises optical detectors 11-1 and 11-2, phase 
sensitive detectors 27-1, 27-2, 27-3 and 27-4, multipliers 
28-1 and 28-2, A/D converters 14-1 and 14-2, and an 
operation unit 30. A configuration up to the multipliers 28-1 
and 28-2 is identical to that shown in FIG. 15. In the present 
example, however, signals outputted from the multipliers 
28-1 and 28-2 are respectively converted into digital signals 
by the A/D converters 14-1 and 14-2, which in turn are 
inputted to the operation unit 30. The operation unit 30 
performs a natural logarithm operation on each of signals 
outputted from the A/D converters 14-1 and 14-2. 
0125 FIG. 18 shows a third modified configurational 
example about the data acquisition unit. 

0126 The data acquisition unit illustrated in the present 
example comprises optical detectors 11-1 and 11-2, phase 
sensitive detectors 27-1, 27-2, 27-3 and 27-4, logarithm 
amplifiers 29-1, 29-2, 29-3 and 29-4, adders 40-1 and 40-2, 
A/D converters 14-1 and 14-2, and an operation unit 30. A 
configuration up to the phase sensitive detectors 27-1, 27-2, 
27-3 and 27-4 is identical to that shown in FIG. 15. In the 
present example, however, signals outputted from the phase 
sensitive detectors 27-1, 27-2, 27-3 and 27-4 are respec 
tively inputted to the logarithm amplifiers 29-1, 29-2, 29-3 
and 29-4 where they are converted into natural logarithm. 
Transmitted light intensity signals (intensity signals of trans 
mitted lights whose each wavelength is 1) outputted from 
the logarithm amplifiers 29-1 and 29-3 are inputted to the 
adder 40-1 where they are added together. Transmitted light 
intensity signals (intensity signals of transmitted lights 
whose each wavelength is 2) outputted from the logarithm 
amplifiers 29-2 and 29-4 are inputted to the adder 40-2 
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where they are added together. Signals outputted from the 
adders 40-1 and 40-2 are respectively inputted to the A/D 
converters 14-1 and 14-2 where they are converted into 
digital signals, which in turn are inputted to the operation 
unit 30. 

0127 FIG. 19 illustrates a fourth modified configura 
tional example about the data acquisition unit. 

0128. The data acquisition unit shown in the present 
example comprises optical detectors 11-1 and 11-2, phase 
sensitive detectors 27-1, 27-2, 27-3 and 27-4, logarithm 
amplifiers 29-1, 29-2, 29-3 and 29-4, A/D converters 14-1, 
14-2, 14-3 and 14-4, and an operation unit 30. A configu 
ration up to the phase sensitive detectors 27-1, 27-2, 27-3 
and 27-4 is identical to that shown in FIG. 15. In the present 
example, however, signals outputted from the phase sensi 
tive detectors 27-1, 27-2, 27-3 and 27-4 are respectively 
inputted to the logarithm amplifiers 29-1, 29-2, 29-3 and 
29-4 where they are first converted into natural logarithm. 
Signals outputted from the logarithm amplifiers 29-1, 29-2, 
29-3 and 29-4 are respectively converted into digital signals 
by the A/D converters 14-1, 14-2, 14-3 and 14-4, which in 
turn are inputted to the operation unit 30. The operation unit 
30 performs addition between the transmitted light intensity 
signals identical in wavelength, of the input transmitted light 
intensity signals of all wavelengths. In the present example, 
the number of combinations of the transmitted light intensity 
signals identical in wavelength is two in total, which com 
prises a combination of the signals outputted from the A/D 
converters 14-1 and 14-3 and a combination of the signals 
outputted from the A/D converters 14-2 and 14-4. 

0.129 FIG. 20 shows a fifth modified configurational 
example about the data acquisition. 

0.130. The data acquisition unit shown in the present 
example comprises optical detectors 11-1 and 11-2, A/D 
converters 14-1, 14-2, 14-3, 14-4, 14-5 and 14-6, and an 
operation unit 30. A configuration up to the optical detectors 
11-1 and 11-2 is identical to that shown in FIG. 15. In the 
present example, however, signals outputted from the opti 
cal detectors 11-1 and 11-2 are respectively inputted to the 
A/D converters 14-1 and 14-2 where they are first A/D- 
converted into digital signals. The signals outputted from the 
A/D converters 14-1 and 14-2 are inputted directly to the 
operation unit 30. Further, reference frequency signals 
(modulation frequency signals of respective incident lights) 
A, B, C and D are respectively inputted to the A/D convert 
ers 14-3, 14-4, 14-5 and 14-6 where they are converted into 
digital signals. Thereafter, the converted digital signals are 
inputted to the operation unit 30. The operation unit 30 
performs Fourier transformation on the signals inputted 
thereto from the A/D converters 14-1, 14-2, 14-3, 14-4, 14-5 
and 14-6. The frequencies highest in intensity, which have 
been obtained by performing Fourier transformation on the 
signals inputted to the operation unit 30 from the A/D 
converters 14-1, 14-2, 14-3, 14-4, 14-5 and 146, are defined 
as f1, f2., f3 and f4 respectively. Signal intensities corre 
sponding to the frequencies f1 and f2, which are extracted 
from the signal obtained by Fourier-transforming the signal 
outputted from the A/D converter 14-1, are respectively 
defined as I(f1) and I(f2). Further, signal intensities equiva 
lent to the frequencies f3 and f4, which are extracted from 
the signal obtained by Fourier-transforming the signal out 
putted from the A/D converter 14-2, are respectively defined 
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as I(f3) and I(f4). Since the signal intensities I(f1) and I(f3) 
indicate transmitted light intensity signals corresponding to 
incident lights (corresponding to the lights whose wave 
lengths are 1, which are emitted from the light sources 1-1 
and 1-3 in FIG. 15), both are subjected to mutual multipli 
cation and the result of multiplication is Subjected to an 
natural logarithm operation. Further, the signal intensities 
I(f2) and I(f4) are also transmitted light intensity signals 
corresponding to incident lights (corresponding to the lights 
each having the wavelength of 2, which are emitted from 
the light sources 1-2 and 1-4 in FIG. 15), both are subjected 
to mutual multiplication and the natural logarithm operation 
is performed on the result of multiplication. 
0131 Thus, a description has been made of the case in 
which the two incident optical fibers and the two detection 
optical fibers have been placed on the circumference of the 
single circle. However, an optical-fiber layout example in 
which the incident optical fibers and the detection optical 
fibers are further disposed in large numbers, will be 
described below. 

0132 FIG. 21 shows a first layout example in which a 
large number of incident optical fibers and detection optical 
fibers are laid out. The present layout example shows a case 
in which the incident optical fibers and the detection optical 
fibers are respectively disposed on the circumferences of 
double concentric circles three by three. It is however 
needless to say that the layout of the incident optical fibers 
and the detection optical fibers on their corresponding 
circumferences in larger numbers permits an improvement 
in the measurement sensitivity to a deep tissue in a subject 
(living body) and the multiple provision of the concentric 
circles with the incident optical fibers and the detection 
optical fibers disposed thereon makes it possible to improve 
measurement sensitivity at various depth positions in the 
Subject (living body). 
0133) Referring to FIG. 21, incident optical fibers 8-1, 
8-2 and 8-3 are disposed on the circumference of a circle 
50-1 outside double concentric circles at equal intervals 
every 120 degrees. Detection optical fibers 10-1, 10-2 and 
10-3 are respectively placed in positions where they are 
respectively opposed to the incident optical fibers 8-1, 8-2 
and 8-3 on the same circumference. Further, incident optical 
fibers 8–4, 8–5 and 8-6 are disposed on the circumference of 
a circle 50-2 inside the double concentric circles at equal 
intervals every 120 degrees. Detection optical fibers 10-4, 
10-5 and 10-6 are respectively placed in positions where 
they are respectively opposed to the incident optical fibers 
8-4, 8-5 and 8-6 on the same circumference. All the (six) 
optical fibers are fixed to and held by an optical fiber holder 
21 similar to that shown in FIG. 15 in a state in which the 
above layout relationship is held. Owing to the utilization of 
Such an optical fiber layout configuration, a hemoglobin 
concentration change in deep tissue can be determined by 
assigning transmitted light intensities detected on the cir 
cumference of the outer circle 50-1 for information on the 
deep tissue and arithmetically processing or computing 
them, and a hemoglobin concentration change in shallow 
tissue can be determined by assigning transmitted light 
intensities detected on the circumference of the inner circle 
50-2 for information on the shallow tissue and computing 
them. 

0134) Further, the subtraction of a hemoglobin concen 
tration change obtained by multiplying the hemoglobin 
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concentration change determined by computation from the 
transmitted light intensities detected on the circumference of 
the inner circle 50-2 by a predetermined weighting coeffi 
cient estimated from a sensitivity distribution from the 
hemoglobin concentration change determined by computa 
tion from the transmitted light intensities detected on the 
circumference of the outer circle 50-1 makes it also possible 
to further improve the relative sensitivity of the deep tissue 
to the shallow tissue. 

0.135 FIG. 22 shows a second layout configurational 
example in which a large number of incident optical fibers 
and detection optical fibers are disposed. Here, the layout of 
more efficient optical fibers at the time that various positions 
to be measured in a subject (living body) are measured based 
on the present invention, will be described. In the present 
example, respective incident-detection optical fiber pairs or 
sets each composed of two pairs of incident and detection 
optical fibers disposed on the circumferences of respective 
one circles are respectively defined as basic fiber units. The 
basic fiber units are placed side by side in plural units so as 
to match the expansion of a desired measurement region. 
0.136. When a measurement region is expanded with a 
incident-detection optical fiber pair composed of two pair of 
incident and detection optical fibers disposed on the circum 
ference of one circle being regarded as the basic fiber unit, 
the incident optical fibers and detection optical fibers are 
disposed on respective nodes of each square lattice and the 
incident optical fibers and the detection optical fibers are 
alternately disposed in the diagonal directions of the square 
lattice, as shown in FIG. 22. In the present example, the 
number of the measurement positions is 9 and nine circles 
60-1 through 60-9 are provided around the respective mea 
surement positions. Further, incident optical fibers 8-1 
through 8-8 and detection optical fibers 10-1 through 10-8 
are placed on the circumferences of the above circles and on 
the nodes of the square lattices. Owing to Such an optical 
fiber layout, the incident optical fibers and the detection 
optical fibers disposed on points where the respective adja 
cent circles intersect, function over the number of the 
measurement positions identical to the number (four at 
nodes inside the lattice) of the circles intersecting each other 
at the nodes at which they are disposed. Therefore, the 
measurement positions can be measured with the less 
reduced number of optical fibers. Although the number of 
the measurement positions is nine in the present example, it 
is easy to further increase the number of the measurement 
positions (i.e., the number of the circles and the number of 
the nodes) with a view toward carrying out a measurement 
on a wider measurement region. An image of hemo-dynam 
ics at a deep tissues can be obtained from the result of 
measurement obtained by the widening of the measurement 
reg1on. 

0.137 FIG. 23 shows a third layout configurational 
example in which a large number of incident optical fibers 
and detection optical fibers are disposed. In the present 
example, respective incident-detection optical fiber pairs or 
sets each composed of three pairs of incident and detection 
optical fibers disposed on the circumferences of respective 
one circles are respectively defined as basic fiber units. The 
basic fiber units are placed side by side in plural units so as 
to match the expansion of a desired measurement region. 
0.138. When a measurement region is expanded with a 
incident-detection optical fiber pair composed of three pairs 
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of incident and detection optical fibers disposed on the 
circumference of one circle being regarded as the basic fiber 
unit, the incident optical fibers and detection optical fibers 
are alternately disposed on respective nodes of each regular 
hexagonal lattice, and the incident optical fibers and the 
detection optical fibers are alternately disposed in the diago 
nal directions of the regular hexagonal lattice as shown in 
FIG. 23. In the present example, the number of the mea 
surement positions is 4 and four circles 70-1 through 70-4 
are provided around the respective measurement positions. 
Further, incident optical fibers 8-1 through 8-8 and detection 
optical fibers 10-1 through 10-8 are placed on the circum 
ferences of the above circles and on the nodes of the regular 
hexagonal lattices. Owing to Such an optical fiber layout, the 
incident optical fibers and the detection optical fibers dis 
posed on points where the respective adjacent circles inter 
sect, function with respect to the measurement positions 
whose number is identical to the number (three at nodes 
inside each lattice) of the circles intersecting each other at 
the nodes at which they are disposed. Therefore, the mea 
Surement positions can be measured with the less-reduced 
number of optical fibers. Although the number of the mea 
Surement positions is four in the present example, a further 
increase in the number of the measurement positions (i.e., 
the number of the circles and the number of the nodes) is 
easily achieved with a view toward carrying out a measure 
ment on a wider measurement region. An image of hemo 
dynamics at a deep tissue can be obtained from the result of 
measurement obtained by the widening of the measurement 
region. 

Fourth Embodiment 

0139 FIG. 24 shows an optical measurement instrument 
for a living body, according to a fourth embodiment of the 
present invention, which is suitable for use in the measure 
ment of information on deep tissue. 
0140. In the present embodiment, a system for selecting 
Suitable wavelength-range light from white light, irradiating 
a subject with it and spectroscopically measuring light 
transmitted through the Subject with a spectroscope, thereby 
detecting transmitted lights of two wavelengths different 
from each other, which are necessary for measurement, is 
adopted with the objective of measuring oxy- and deoxy 
hemoglobin concentration changes in the Subject (living 
body). Further, the number of light incident positions and the 
number of light detection positions with respect to the 
subject are respectively set to two. However, the number of 
these incident lights (the number of wavelengths), the num 
ber of the light incident positions and the number of the light 
detection positions can be further increased with ease. The 
increase in the number of the incident lights (the number of 
the wavelengths) also permits measurements on light-ab 
Sorption Substance concentration changes in other living 
bodies such as cytochrome, myoglobin, etc. as well as 
measurements on an oxy-hemoglobin concentration change 
and a deoxy-hemoglobin concentration change. 
0141 Referring to FIG. 24, white lights (corresponding 
to lights having continuous wavelength spectrums) output 
ted from white light sources 80-1 and 80-2 are respectively 
converted into wavelength-range lights necessary for mea 
Surement by passing through glass filters 84-1 and 84-2. 
Thereafter, the respective wavelength-range lights are 
respectively introduced into and transmitted to incident 
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optical fibers 8-1 and 8-2 through lenses 85-1 and 85-2, 
followed by application to a subject (living body) 9. Here, 
the wavelength of each light incident onto the Subject (living 
body) 9 is set so as to fall within a range of 400 nm to 2400 
nm. Particularly when hemo-dynamics in the living body are 
measured, the glass filters 84-1 and 84-2 may preferably be 
selected so that the wavelength of each incident light falls 
within a range of 700 nm to 1100 nm. Further, the lights 
outputted from the light sources 80-1 and 80-2 are respec 
tively intensity-modulated with mutually-different modula 
tion frequencies f1 and f2 existing between 100 Hz and 10 
MHz by light-source driver circuits 4-1 and 4-2. On the 
other hand, modulation frequency signals A and B outputted 
from the light-source driver circuits 4-1 and 4-2 are respec 
tively inputted to phase sensitive detectors 27-1 and 27-2, 
and 27-3 and 27-4 as reference frequency signals. The 
incident optical fibers 8-1 and 8-2 are fixed to an optical fiber 
holder 21 together with detection optical fibers 10-1 and 
10-2 and brought into contact with the surface of the subject 
9. 

0142. The respective lights are applied to the subject 9 
through the incident optical fibers 8-1 and 8-2. The detection 
optical fibers 10-1 and 10-2 collect the lights (transmitted 
lights) that have passed through the subject 9. Here, the 
incident optical fibers 8-1 and 8-2 and the detection optical 
fibers 10-1 and 10-2 are alternately placed on the circum 
ference of one circle set on the optical fiber holder 21 at 
equal intervals. The detection optical fibers 10-1 and 10-2 
are set so as to be respectively disposed at positions where 
they are opposed to the incident optical fibers 8-1 and 8-2 
with the center of the circle interposed therebetween. 
0.143. The lights transmitted through the subject (living 
body), which have been collected by the detection optical 
fibers 10-1 and 10-2, are respectively introduced into spec 
troscopes 86-1 and 86-2 where they are spectroscopically 
measured (wavelength-separated). The spectroscopes 86-1 
and 86-2 select only component lights having W1 and M2 
necessary for measurement from the spectroscopically-mea 
Sured various component lights of wavelengths, respec 
tively. The transmitted light components having the wave 
lengths w1 and 2 from the spectroscope 86-1 are 
respectively detected (photoelectrically-converted and 
amplified) by optical detectors 11-1 and 11-2, whereas the 
transmitted light components having the wavelengths w1 and 
2 from the spectroscope 86-2 are respectively detected 

(photoelectrically-converted and amplified) by optical 
detectors 11-3 and 11-4. As the optical detectors 11-1 
through 11-4, a photomultiplier tube or an avalanche pho 
todiode is used. Output signals (transmitted light intensity 
signals) delivered from the optical detectors 11-1 through 
11-4 are respectively inputted to phase sensitive detectors 
27-1 through 27-4 respectively. 
0144. The signals inputted to the phase sensitive detec 
tors 27-1 through 27-4 are respectively mixed with trans 
mitted light intensity signals identical in wavelength but 
having different modulation frequencies. However, since the 
phase sensitive detectors 27-1 and 27-2, and 27-3 and 27-4 
are Supplied with reference frequency signals A and B 
having frequencies f1 and f2, which are outputted from the 
light-source driver circuits 4-1 and 4-2, only a transmitted 
light intensity component corresponding to the incident light 
having the wavelength 1, which is outputted from the 
incident optical fiber 8-1, is selectively separated and out 
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putted from the phase sensitive detector 27-1, only a trans 
mitted light intensity component corresponding to the inci 
dent light having the wavelength W2, which is outputted 
from the incident optical fiber 8-1, is selectively separated 
and outputted from the phase sensitive detector 27-2, only a 
transmitted light intensity component corresponding to the 
incident light having the wavelength 1, which is outputted 
from the incident optical fiber 8-2, is selectively separated 
and outputted from the phase sensitive detector 27-3, and 
only a transmitted light intensity component corresponding 
to the incident light having the wavelength W2, which is 
outputted from the incident optical fiber 8-2, is selectively 
separated and outputted from the phase sensitive detector 
27-4. 

0145 Both signals (intra-living body transmitted light 
intensity signals based on the incident lights each having the 
wavelength 1, which have been delivered from the incident 
optical fibers 8-1 and 8-2) outputted from the phase sensitive 
detectors 27-1 and 27-3, are inputted to a multiplier 28-1 
where both signals are subjected to mutual multiplication. 
Both signals (intra-living body transmitted light intensity 
signals based on the incident lights each having the wave 
length 2, which have been delivered from the incident 
optical fibers 8-1 and 8-2) outputted from the phase sensitive 
detectors 27-2 and 27-4, are inputted to a multiplier 28-2 
where both signals are subjected to mutual multiplication. 
Signals outputted from the multipliers 28-1 and 28-2 are 
respectively inputted to logarithm amplifiers 29-1 and 29-2 
where they are amplified in natural logarithm. Further, 
signals outputted from the logarithm amplifiers 29-1 and 292 
are respectively inputted to AND converters 14-1 and 14-2 
where they are converted into digital signals, which in turn 
are taken in an operation unit 30. 
0146 Based on the taken-in time-sequence signals hav 
ing the transmitted light intensities of two wavelengths, the 
operation unit 30 computes an oxy-hemoglobin concentra 
tion change, a deoxy-hemoglobin concentration change, and 
the Sum (total hemoglobin concentration change) of the 
oxy-hemoglobin concentration change and the deoxy-hemo 
globin concentration change, which indicates the Volume of 
blood. The result of computation by the operation unit 30 is 
displayed on a display device 17 as a time-sequence change 
graph. 

0147 The aforementioned third embodiment (see FIG. 
15) and the above-described fourth embodiment (see FIG. 
24) respectively show the case in which the incident 
detection optical fiber pairs are attached to the optical fiber 
holder 21 as two pairs. However, the measurement sensi 
tivity to the deep portion in the subject (living body) can be 
improved on a leap basis by further increasing the incident 
detection optical fiber pairs attached to the optical fiber 
holder 21 to plural pairs. Results of measurements obtained 
when the incident-detection optical fiber pairs are provided 
in the optical fiber holder 21 in four pairs under the instru 
ment configuration shown in FIG. 24, will be shown in 
FIGS. 25, 26 and 27. Results of measurements obtained 
when the surface of the subject (living body) is assumed to 
be a plane, the plane parallel to the plane thereof is defined 
as an X-Y plane, a circle whose center is located in a position 
given by x=32.5 mm and y=32.5 mm and whose diameter is 
30 mm, is set on the surface of the living body, the incident 
optical fibers and the detection optical fibers are alternately 
disposed on the circumference of the circle by four, and the 
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incident-detection optical fiber pairs composed of the inci 
dent optical fibers and the detection optical fibers placed in 
positions point-to-point symmetrical with each other with 
the center of the circle as a point symmetrical center are set 
as four pairs, are represented as a relative sensitivity distri 
bution (see FIG. 25) at a depth position of 2.5 mm in the 
living body, a relative sensitivity distribution (see FIG. 26) 
at a depth position of 7.5 mm in the living body, and a 
relative sensitivity distribution (see FIG. 27) at a depth 
position of 12.5 mm in the living body. According to the 
present invention, as is apparent from the comparison 
between the measurement results (see FIGS. 12 through 
14) obtained by the previously-described conventional 
example and the measurement results (see FIGS. 25 
through 27) obtained by the present invention, the mea 
Surement sensitivity at the deep portions in the living body 
can be greatly improved. 
0.148. The present embodiment has shown the configu 
rational example in which intra-Subject transmitted lights of 
lights having a plurality of wavelengths incident from a 
plurality of light incident positions on a predetermined circle 
are detected at a plurality of light collection positions set to 
positions point-symmetrical with respect to the plurality of 
light incident positions on the circle with the center of the 
circle interposed therebetween, and all the intensities of the 
transmitted lights detected at the plurality of light collection 
positions are subjected to multiplication every same wave 
lengths. However, even if Such an instrument configuration 
that all the intensities are added together every same wave 
lengths, is taken likewise, a physical meaning is degraded 
but relative sensitivity to a deep portion in a living body can 
be improved. Further, measurement sensitivity to an 
intended measurement region may be improved by using an 
instrument configuration for performing the four operations 
of the intensities of the lights transmitted through the subject 
(living body), which have been detected at the plurality of 
light collection positions. 
0.149 According to the present invention, a light-absorp 
tion Substance concentration in a predetermined depth 
region in a Subject (living body) can be measured with 
satisfactory accuracy. As a measurement example required 
to provide sufficient measurement sensitivity to the deep 
portion in the Subject (living body), may be mentioned a 
measurement on a change in hemo-dynamics incident to 
functional brain activity, for example. According to the 
present invention, however, the change in hemo-dynamics 
incident to the functional brain activity can be measured 
from the head skin. 

<<Input and Control Devices by Living Body>> 
0150. Further, according to the present invention, as has 
already been described above, since the optical measure 
ment instrument for the living body can be implemented 
which is capable of measuring the living-body information 
about the wide spatial region in the Subject (living body) 
with high efficiency and accuracy and at high spatial reso 
lution, high-utility input and control devices by living body 
can be realized which is capable of controlling various 
pieces of external equipment promptly and with high accu 
racy by using measurement signals produced from the 
optical measurement instrument as signals to be directly 
input to the various pieces of external equipment. 
0151. Various input devices such as a keyboard, a mouse, 
a handle, etc. are used to control or operate a computer and 
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a game machine or the like. Such input devices to be 
controlled by the human hands and legs lessen realism in the 
game machine or make the operation of a physically handi 
capped person or the like difficult. Therefore, a device for 
directly inputting brain waves from a brain has been pro 
posed by Japanese Patent Application Laid-Open No. 
7-124331, for example. This device is intended to control the 
computer, particularly the game machine by inputting the 
brain waves or electroencephalogram to the computer as 
they are as in the case of the measurement of an electrocar 
diogram. 

0152 This type of input device has been expected in that 
it allows persons whose motion functions are recognized as 
handicapped to facilitate the control of the pieces of external 
equipment and is able to contribute to the entry of the 
physically handicapped into Society. 

0153. Meanwhile, a human brain is divided into regions 
in simple cell construction as represented by the Brodmann 
brain map. Further, the respective regions share different 
functions. If the brain is viewed from the transverse side 
thereof, for example, a region that participates in spontane 
ous motion (hands, fingers, legs, etc.), is placed in the top of 
the brain, a region concerned in sensation, vision, etc. is 
placed in the occiput, and a region concerned in the language 
is placed in a predetermined portion corresponding to the 
left half of the brain. 

0154 Thus, the extraction of information from the spe 
cific regions in the brain with high accuracy needs to use a 
measurement instrument high in spatial resolution. How 
ever, since the position of occurrence of a signal (brain 
waves) becomes indefinite due to the un-uniformity of the 
dielectric constant in the living body, it is difficult to measure 
the electroencephalogram employed in the prior art at high 
spatial resolution. Further, since a myo-electric potential 
produced when the Subject moves, is greatly reflected on 
brain measurement signals and exerts a bad influence on the 
result of measurement, there are also restricted conditions 
that the motion of the subject must be restrained upon 
measurement. Thus, the method (bf using the electroen 
cephalogram as the signals inputted directly from the brain 
as they are has a problem in terms of the accuracy and 
practical utility. 

0155 According to the present invention, as has already 
been described above, since the optical measurement instru 
ment for the living body can be implemented which is 
capable of measuring the living-body information about the 
wide spatial region in the Subject (living body) with high 
efficiency and accuracy and at high spatial resolution, high 
utility input and control devices by living body can be 
realized which is capable of controlling various pieces of 
external equipment promptly and with high accuracy by 
using measurement signals produced from the optical mea 
Surement instrument as signals to be directly input to the 
various external equipment. 
0156 The input device by living body using an optical 
measurement method for the living body, according to the 
present invention, comprises light incident means for apply 
ing lights to an inner brain from the outside of the skin of a 
human head, collecting light means for collecting lights 
transmitted through the inside brain by the application of the 
lights to the inside brain by the light incident means, light 
measuring means for measuring the intensities of the trans 
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mitted lights collected by the collecting light means, and 
computation or operation means for determining by com 
putation or operation an oxy-hemoglobin concentration 
change value and a deoxy-hemoglobin concentration change 
value or a total hemoglobin concentration change value in a 
predetermined region in the brain from the transmitted light 
intensities measured by the light measuring means, deter 
mining desired characteristic parameter values from the 
hemoglobin concentration change values determined by 
operation, and determining the type of output signal based 
on the characteristic parameter values determined by opera 
tion. 

0157. Further, the input device by living body can include 
storing means for pre-setting and storing the rate of change 
in hemoglobin concentrations at arbitrary time intervals, the 
intensities of hemoglobin concentration at time-varying 
arbitrary frequencies, which are to be computed and deter 
mined by the operation means, as reference data about the 
characteristic parameter values. In this case, the operation 
means determines and outputs the type of output signal from 
the characteristic parameter values determined by the above 
operation and the reference data stored in the storing means. 
0158. The control device by living body using the optical 
measurement method for the living body, according to the 
present invention includes the above-described input device 
and a piece of external equipment for using the output signal 
determined by the input device as an input signal and 
performing a predetermined functional operation according 
to the type of the input signal. 
0159. Incidentally, the lights collected by the collecting 
light means are classified into lights reflected from the inside 
living body (brain) and lights transmitted therethrough. 
However, the above lights will be referred to as lights 
(transmitted lights) passing through the living body inclu 
sive of both in the present invention. 
0.160 In the present invention, brain functional activity 
localized within the living body (brain) is measured using 
lights and a signal obtained by the measurement is used as 
a signal to be inputted to a piece of external equipment such 
as a computer or the like. Namely, incident optical fibers and 
detection optical fibers are placed in positions on the Surface 
of the head corresponding to a desired measurement region 
(such as a right fingers motor area, a left fingers motor area, 
a language area or the like) in the brain to irradiate the inside 
brain with the lights, thereby collecting and measuring the 
lights transmitted through the inside brain. Further, signals 
corresponding to the measured lights are inputted to an 
operation unit. The operation unit determines the type of 
output signal for shifting the cursor to the left with respect 
to the signal obtained from the right fingers motor area, 
shifting the cursor to the right with respect to the signal 
obtained from the left fingers motor area, or performing a 
click operation with respect to the signal obtained from the 
language area, for example, and inputs the output signal to 
a piece of external equipment such as a computer, a word 
processor, a game is machine or the like. The external 
equipment performs operation according to the type of input 
signal referred to above. 
0.161 In another example of the operation by the opera 
tion unit, an oxy-hemoglobin concentration change value 
and a deoxy-hemoglobin concentration change value, or a 
total hemoglobin concentration change value are computed 
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based on measured intracerebral transmitted light intensities. 
Further, characteristic parameter values are determined from 
these concentration change values by computation. The 
characteristic parameter values determined by computation 
are compared with the characteristic parameter values (ref. 
erence data) stored in a memory device or unit in advance to 
thereby decide the type of output signal. The output signal 
is inputted to a piece of external equipment. 
0162. In a further example of the operation by the opera 
tion unit, an operator is urged to imagine the contents of 
operations such as "Cursor to the Right”, “Cursor to the 
Left'. “Click', etc. without associating signals inputted to a 
piece of external equipment with specific measurement 
regions. Standard deviations and mean values every char 
acteristic parameters at every measurement regions at that 
time are stored in a memory unit as learning data. Next, 
actual measured values are compared with these learning 
data. If they are found to coincide with each other within the 
allowable range, then a signal for providing instructions for 
executing the contents of operation corresponding to the 
learning data is outputted. Since the type of output signal is 
determined by this method, using the characteristic param 
eters, a neural network can be also utilized as well as the 
Mahalanobis distance. The term Mahalanobis distance indi 
cates an index for making a decision as to whether the 
actually-measured value belongs to the normal distribution 
having dispersion when the measured values or the like are 
represented by the normal distribution. 
0163 Since these methods can directly control the com 
puter, word processor, game machine, etc. without using a 
keyboard, a mouse, etc., they can be also used as for the 
physically handicapped. 
0164. Owing to the placement of light incident means and 
collecting light means in many points on the Surface of a 
Subject (head of living body), the present invention can be 
also applied to a driver's doze warning device, an environ 
mental control device, a learning-level determining device, 
an indicator for indicating intention of a patient, childhood, 
animals, etc., an information transmission device, or a lie 
detector or the like. 

0165 Embodiments of the present invention will herein 
after be described in detail with reference to the accompa 
nying drawings. 

Fifth Embodiment 

0166 FIG. 28 shows a schematic configuration of a 
measurement system of brain activity, which is employed in 
an input device by living body, according to a fifth embodi 
ment of the present invention. 
0167. In the present embodiment, localized brain activi 
ties are measured using lights and the resultant signals are 
used as signals to be inputted to a computer or a piece of 
external equipment. 
0168 In the present embodiment, oxy- and deoxy-hemo 
globin concentration changes are respectively independently 
measured using lights of two wavelengths different from 
each other as incident lights with the objective of measuring 
the oxy- and deoxy-hemoglobin concentration changes in a 
brain. Namely, an oxy-hemoglobin concentration and a 
deoxy-hemoglobin concentration are fractionally measured 
using the difference (corresponding to the difference 
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between light-absorption wavelengths) between the colors 
of oxy-hemoglobin and deoxy-hemoglobin. If the number of 
wavelengths of incident lights is further increased, then 
measurement accuracy is further improved and the concen 
tration of Substances other than the oxy-hemoglobin and the 
deoxy-hemoglobin can be also measured. A description will 
now be made of the case in which the number of light 
incident positions and the number of light detection posi 
tions are respectively set to one. However, a measurement 
region can be easily widened by increasing the numbers of 
the light incident positions and the light detection positions. 
0.169 Referring to FIG. 28, lights of specific wave 
lengths w1 and M2 are outputted from light sources 1-1 and 
1-2 and introduced into optical fibers 2-1 and 2-2, respec 
tively. The wavelengths w1 and 2 of the lights outputted 
from the light sources 1-1 and 1-2 are respectively selected 
from a 400 nm-to-2400 nm wavelength range. It is desirable 
for improvements in measurement accuracy that particularly 
when hemo-dynamics in the living body are measured, the 
wavelengths are selected from a 700 nm-to-1 100 nm wave 
length range so that the difference between the wavelengths 
falls within 50 nm. Namely, the permeability of light in the 
living body is high in this wavelength range. Inconvenience 
occurs because a wavelength longer than the above wave 
lengths increases the absorption of light by water and a 
wavelength shorter than the above wavelengths also 
enhances the absorption of light by the hemoglobin itself. 
The output lights emitted from the light sources 1-1 and 1-2 
are intensity-modulated with modulation frequencies f1 and 
f2 different from each other by their corresponding driver 
circuits 4-1 and 4-2. Further, modulation frequency signals 
A and B outputted from the driver circuits 4-1 and 4-2 are 
inputted to their corresponding phase sensitive detectors 
27-1 and 27-2 as reference frequency signals. This is 
because a signal component corresponding to an oxy-hemo 
globin concentration value and a signal component corre 
sponding to a deoxy-hemoglobin concentration value are 
separated and extracted from detection signals mixed with 
both the signal components. 
0170 The optical fibers 2-1 and 2-2 are electrically 
connected to an optical coupler 3-1 where the lights of the 
wavelengths 1 and 2 from the light sources 1-1 and 1-2 
are mixed together. Thereafter, the mixed light is introduced 
into an incident optical fiber 8-1 so as to be transmitted to the 
surface of a subject (living body) 9. 
0171 The light is launched into the subject (living body) 
9 through the incident optical fiber 8-1. The light passing 
through the living body is collected and detected by a 
detection optical fiber 10-1. Thus, changes in oxy- and 
deoxy-hemoglobin concentrations in the blood can be mea 
Sured as their corresponding color changes (changes in 
light-absorption wavelengths). Oxygen Saturation (corre 
sponding to the proportion of oxy-hemoglobins in all the 
hemoglobins) is high in the artery, whereas the oxygen 
saturation is reduced in the vein as compared with the artery. 
0.172. The distance between the incident optical fiber 8-1 
and the detection optical fiber 10-1 is set so as to fall within 
a 10 mm-to-50 mm range according to, for example, a depth 
in the living body within a desired measurement region, but 
is set to 30 mm in the present embodiment. 
0173 The light passing through the living body, which 
has been collected by the detection optical fibers 10-1, is 
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introduced into an optical detector 11-1 where it is photo 
electrically converted and amplified. As the optical detector 
11-1, a photomultiplier tube or an avalanche photodiode is 
used. An output signal delivered from the optical detector 
11-1 is divided into two, which in turn are inputted to the 
phase sensitive detectors 27-1 and 27-2 respectively. 
0.174 Intensity signals of lights passing through the liv 
ing body, corresponding to the lights of the two wavelengths 
w1 and 2, which are launched into the living body 9 from 
the incident optical fiber 8-1, are respectively mixed into the 
signals inputted to the phase sensitive detectors 27-1 and 
27-2. However, since the phase sensitive detectors 27-1 and 
27-2 are supplied with the reference frequency signals 
outputted from the driver circuits 4-1 and 4-2, the intensity 
signal of the light passing through the living body, corre 
sponding to the incident light of the wavelength 1 (modu 
lation frequency f1) emitted from the light source 1-1, is 
separated and/or selected by the phase sensitive detector 
27-1 and outputted therefrom, and the intensity signal of the 
light passing through the living body, corresponding to the 
incident light of the wavelength W2 (modulation frequency 
f2) emitted from the light source 1-2, is separated and/or 
selected by the phase sensitive detector 27-2 and outputted 
therefrom. 

0175. The transmitted light intensity signals separated 
and/or selected by and outputted from the phase sensitive 
detectors 27-1 and 27-2 respectively are next inputted to 
their corresponding A/D converters 14-1 and 14-2 where 
they are converted into digital signals, which in turn are 
taken or introduced into an operation unit 30. 
0176 Based on the taken-in time-sequence signals hav 
ing the transmitted light intensities of two wavelengths, the 
operation unit 30 computes an oxy-hemoglobin concentra 
tion, a deoxy-hemoglobin concentration, and the sum of the 
oxy-hemoglobin concentration and the deoxy-hemoglobin 
concentration change, which indicates the Volume of blood. 
The result of computation by the operation unit 30 is 
displayed on a display device 17 as a time-sequence change 
graph. The total amount (Volume) of hemoglobins in the 
blood is held constant. Thus, the simple addition of the 
volume of the oxy-hemoglobin and the volume of the 
deoxy-hemoglobin results in the whole volume of blood. 
0177. A method of computing an oxy-hemoglobin con 
centration change, a deoxy-hemoglobin concentration 
change and a total hemoglobin concentration change inci 
dent to the functional brain activity under the instrument 
configuration of the present embodiment has been proposed 
in, for example, the specification and the accompanying 
drawings in the Patent Application (Japanese Patent Appli 
cation No. 7-30972) of the present applicant (arithmetic or 
operation processing method). In the present method, only 
the amount of change in the hemoglobin concentration is 
computed. However, the absolute amount of each hemoglo 
bin concentration can be also measured if an arithmetical 
operation for eliminating the influence of light scattering in 
the living body is performed. 
0178 FIG. 29 is a graph showing one example of a right 
fingers movement concentration change or variation in 
hemoglobin, which has been measured by the measurement 
system of brain activity according to the present embodi 
ment. The graph shows time-sequence variations such as an 
oxy-hemoglobin concentration variation (a), a deoxy-hemo 
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globin concentration variation (b) and a total hemoglobin 
concentration variation (c) at the time that an intracerebral 
region (right fingers motor area) related to the movements of 
the right fingers is defined as a measurement region and the 
right fingers movements are performed. Incidentally, a 
diagonally-shaded time region (T) indicates a right fingers 
movement period. 

0.179 FIG. 30 is a graph showing one example of a left 
fingers movement concentration change or variation in 
hemoglobin, which has been measured by the measurement 
system of brain activity according to the present embodi 
ment. The graph shows time-sequence variations such as an 
oxy-hemoglobin concentration variation (d), a de-oxy-he 
moglobin concentration variation (e) and a total hemoglobin 
concentration variation (f) at the time that an intracerebral 
region (left fingers motor area) related to the movements of 
the left fingers is defined as a measurement region and the 
left fingers movements are performed. Incidentally, a diago 
nally-shaded time region (T,) indicates a left fingers move 
ment period. 

0180. As is apparent from the comparison between FIG. 
29 and FIG. 30, the oxy-hemoglobin concentration variation 
(a) and the total hemoglobin concentration variation (c) in 
the right fingers motor area during the right fingers move 
ment period (T) respectively indicate variations corre 
sponding to about three times the oxy-hemoglobin concen 
tration variation (d) and the total hemoglobin concentration 
variation (f) in the left fingers motor area during the left 
fingers movement period (T). Incidentally, the motor area 
on the intracerebral left side is a region related to the 
movement of the right side of the body and the motor area 
on the intracerebral right side is a region related to the 
movement of the left side of the body. The intracerebral 
region and a body portion concerned in the intracerebral 
region have a cross relation or affinity with each other. It is 
understood from FIGS. 29 and 30 that the oxy-hemoglobin 
concentration variations (b) and (e) do not vary noticeably 
So far. 

0181 FIG. 31 is a contour map showing one example of 
a total hemoglobin concentration variation at the movements 
of the right fingers, which has been measured by the 
measurement system of brain activity according to the 
present embodiment. In the present example, the total hemo 
globin concentration variation at the time that functional 
brain activities are measured at many points in the brain So 
that the right fingers motor area is-contained, and the right 
fingers movements are performed, is represented as a con 
tour map. In FIG. 31, an up-down direction in the drawing 
corresponds to an up-down direction of the brain, the left 
side in the drawing corresponds to the front side of the brain, 
and the right side in the drawing corresponds to the rear side 
of the brain. It is understood from the drawing that the 
functional brain activities at local portions in the brain, 
which indicate Such noticeable variations, have been mea 
Sured. 

0182 FIG. 32 is a contour map illustrating one example 
of a total hemoglobin concentration variation at language 
recollection, which has been measured by the measurement 
system of brain activity according to the present embodi 
ment. In the present example, the oxy-hemoglobin concen 
tration variation at the time that functional brain activities 
are measured at many points in the brain so that an intrac 
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erebral region (language area) related to language activity is 
contained, and the language is recollected, is represented by 
a contour map. The language area exists in an intracerebral 
position the temple on the head left side. Even in the 
language area, the functional brain activities at local portions 
in the brain, which indicate noticeable variations, have been 
measured by the measurement system of brain activity 
according to the present embodiment. According to the 
measurement system of brain activity showing the present 
embodiment, Such language recollection activity in the brain 
can be also measured. 

0183 Accordingly, the present invention can implement 
a high accuracy and utility direct input method by brain by 
using measurement signals satisfactory in accuracy mea 
sured by the above-described measurement system of brain 
activity as signals to be input to a piece of external equip 
ment. 

0184 Asummary of the fundamental configuration of the 
measurement system of brain activity employed in the input 
device by living body according to the present invention has 
been described above. Therefore, specific configurational 
examples of the input and control devices by living body 
according to the present invention will be described below. 
0185 FIG. 33 is a diagram schematically showing a 
configuration of a control device by living body, according 
to a fifth embodiment of the present invention. 
0186 Referring to FIG. 33, the control device by living 
body according to the present embodiment comprises an 
input device 100 by living body and a piece of external 
equipment 200. 

0187. In the input device 100, a subject (human head) 9 
is irradiated with lights through incident optical fibers 8-1, 
8-2 and 8-3 by using the measurement system 110 of brain 
activity having the configuration shown in FIG. 28. Lights 
transmitted through the subject 9 are collected by detection 
optical fibers 10-1, 10-2 and 10-3. Thereafter, the measure 
ment system 110 measures the intensities of the transmitted 
lights. These incident and detection optical fibers are respec 
tively fixed to an optical fiber fixing helmet 21 so that a pair 
of the incident optical fiber 8-1 and the detection optical 
fiber 10-1 corresponds to a first measurement region, a pair 
of the incident optical fiber 8-2 and the detection optical 
fiber 10-2 corresponds to a second measurement region and 
a pair of the incident optical fiber 8-3 and the detection 
optical fiber 10-3 corresponds to a third measurement 
region. With an increase in the number of the incident 
detection optical fiber pairs, the number of the measurement 
regions can be further increased with ease. It is also easy to 
dispose a plurality of optical fiber pairs within the respective 
measurement regions for the objective of improving mea 
Surement accuracy (spatial resolution). 
0188 The intensities of the lights passing through the 
respective measurement regions, which have been measured 
by the measurement system 110, are inputted to an operation 
unit 120. The operation unit 120 performs light an arith 
metical operation using the transmitted intensities inputted 
thereto, the light-absorption coefficients of oxy- and deoxy 
hemoglobins, which have been stored in a memory unit 130 
in advance, and other operational data in accordance with a 
computation or operation method to be described later to 
thereby specify a desired signal. Thereafter, the operation 
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unit 120 inputs the desired signal to the external equipment 
200. In order to determine to what meaning each signal 
corresponds, results (light-absorption coefficients of hemo 
globins and various computing data) learned up to now are 
stored in the memory unit 130. 
0189 The external equipment 200 is activated according 
to the type of signal inputted from the operation unit 120. As 
the external equipment 200, may be mentioned a computer, 
a word processor, a game machine or a communication 
device or the like. 

0190. A method of performing an arithmetic operation by 
the operation unit 120 will next be described. 
0191 FIG. 34 is a flowchart for describing a first opera 
tion procedural example of the operation unit 120. 
0.192 For example, the pair of the incident optical fiber 
8-1 and the detection optical fiber 10-1, the pair of the 
incident optical fiber 8-2 and the detection optical fiber 10-2, 
and the pair of the incident optical fiber 8-3 and the detection 
optical fiber 10-3 are disposed so as to correspond to a left 
fingers movement area (measurement region 1), a right 
fingers movement area (measurement region 2) and a lan 
guage area (measurement region 3) respectively. The inten 
sities of lights passing through a living body in the respec 
tive measurement regions are measured and the results of 
measurements are inputted to the operation unit 120. 
(Step 1-1) 
0193 An oxy-, deoxy- or total-hemoglobin concentration 
value is computed from the intensities of the transmitted 
lights of respective wavelengths from the measurement 
region 1. 
(Step 1-2) 
0194 Each of characteristic parameter values is deter 
mined by an operation or computation from the respective or 
arbitrary hemoglobin concentration values computed in step 
1-1, i.e., the oxy, deoxy and total hemoglobin concentration 
values or one arbitrary concentration value of these concen 
tration values. As the characteristic parameters, for example, 
integrated values of respective or arbitrary hemoglobin 
concentrations at arbitrary time intervals, the rates of 
changes in the respective or arbitrary hemoglobin concen 
trations at arbitrary times, or the intensities of arbitrary 
frequencies corresponding to time changes in respective or 
arbitrary hemoglobin concentrations are used. These can be 
determined in various ways. 
(Step 1-3) 
0.195 The characteristic parameter value determined 
by—operation or computation in Step 1-2 is compared with 
the learning values stored in the memory unit 130. It is 
determined whether the characteristic parameter value falls 
within a predetermined arbitrary threshold range. If it is 
found to fall within the threshold range (if the answer is 
found to be yes), then the operation unit 120 outputs a signal 
1. If it is found to fall outside the threshold range (if the 
answer is found to be no), then the operation unit 120 
proceeds to step 1-4. 
(Step 1-4) 
0196. An oxy-, deoxy- or total-hemoglobin concentration 
value is computed from the intensities of the transmitted 
lights of respective wavelengths from the measurement 
region 2. 
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(Step 1-5) 
0197) Each of characteristic parameter values is deter 
mined by operation from the respective or arbitrary hemo 
globin concentration values computed in step 1-4. As the 
characteristic parameters, for example, integrated values of 
the respective or arbitrary hemoglobin concentration values 
at arbitrary time intervals, the rates of changes in the 
respective or arbitrary hemoglobin concentrations at arbi 
trary times, or the intensities of arbitrary frequencies corre 
sponding to time changes in respective or arbitrary hemo 
globin concentrations are used. These can be determined in 
various ways. 
(Step 1-6) 
0198 It is determined whether the characteristic param 
eter value determined by operation in step 1-5 falls within a 
predetermined arbitrary threshold range. If it is found to fall 
within the threshold range (if the answer is found to be yes), 
then the operation unit 120 outputs a signal 2 therefrom. If 
it is found to fall outside the threshold range (if the answer 
is found to-be no), then the operation unit 120 proceeds to 
step 1-7. 
(Step 1-7) 
0199 An oxy-, deoxy- or total-hemoglobin concentration 
value is determined by operation from the intensities of the 
transmitted lights of respective wavelengths from the mea 
Surement region 3. 
(Step 1-8) 
0200 Each of characteristic parameter values is deter 
mined by operation from the respective or arbitrary hemo 
globin concentration values computed in step 1-7. As the 
characteristic parameters, for example, integrated values or 
mean values of respective or arbitrary hemoglobin concen 
trations at arbitrary time intervals, the rates of changes in the 
respective or arbitrary hemoglobin concentrations at arbi 
trary times, or the intensities of arbitrary frequencies corre 
sponding to time changes in respective or arbitrary hemo 
globin concentrations are used. These can be determined in 
various ways. 
(Step 1-9) 
0201 It is determined whether the characteristic param 
eter value determined by operation in step 1-8 falls within a 
predetermined arbitrary threshold range. If it is found to fall 
within the threshold range (if the answer is found to be yes), 
then the operation unit 120 outputs a signal 3 therefrom. If 
it is found to fall outside the threshold range (if the answer 
is found to be no), then the operation unit 120 returns to step 
1-1. 

0202 The external equipment 200 is always placed in an 
input waiting state assuming that the external equipment 200 
is a computer. Further, the function of the external equip 
ment 200 responsive to the input signal may be set in 
advance so as to correspond to each input signal as in the 
case where the cursor is shifted to the left with respect to the 
input of the signal 1, the cursor is shifted to the right with 
respect to the input of the signal 2 and a click operation is 
made to the input of the signal 3. 
0203. An expansion example of the operation method is 
as follows: If the operation unit 120 is set so as to output a 
“0” signal when the characteristic parameter value falls 
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within the threshold range and a “1” signal when it falls 
outside the threshold range in step 1-3, step 1-6 and step 1-9, 
then eight combinations (000 through 111) can be created as 
signals to be outputted from the operation unit 120. In this 
case, the signals from the signals 1 to 8 are outputted from 
the operation unit 120. In this condition, the function of the 
external equipment 200 responsive to the individual output 
signals may be determined in advance. 

0204 The first operation procedural example has 
described the case in which the measurement regions are set 
to the right fingers motor area, left fingers motor area and 
language area in advance and a one-to-one correspondence 
is made between each of the measured signals form the 
respective measurement regions and the response function 
of the external equipment. 

0205 FIG. 35 is a flowchart for describing a second 
operation procedural example of the operation unit 120. 

0206. The second operation procedural example shows 
the case in which no one-to-one correspondence is made 
between the value of change in oxy-hemoglobin concentra 
tion, deoxy-hemoglobin concentration or total hemoglobin 
concentration, which has been measured in each measure 
ment region and each of signals to be inputted to the external 
equipment 200. In the previous first operation procedural 
example, the signal from the predetermined measurement 
region (specific intracerebral region related to the specific 
functional operation) is selectively taken out and the taken 
out signal is caused to correspond to the specific functional 
operation in a one-to-one relationship. However, there may 
be a case in which when an operator intends to shift the 
cursor to the left, the operator must imagine “moving the left 
hand” correspondingly, so that the function of actual exter 
nal equipment differs from an operators intention. The 
second operation procedural example to be described later 
takes into consideration the above-described problem that 
arises in the aforementioned first operation procedural 
example. 

0207. The measurement regions are first set to a plurality 
of arbitrary points (i points) respectively. Incident optical 
fibers and detection optical fibers are placed in the respective 
measurement regions. The intensities of lights passing 
through the living body in the respective measurement 
regions are measured and the results of measurements are 
inputted to the operation unit 120. That is, the present 
example is not intended to take aim at predetermined 
specific measurement regions (specific intracerebral regions 
related to specific functional operations) and selectively 
measure signals from these specific measurement regions. 
Measurement optical fiber pairs are placed in a plurality of 
arbitrary positions on the Surface of a Subject (human head) 
without specifically specifying the measurement regions. 
Further, the operation unit 120 measures repeatedly many 
times and learns hemoglobin concentration changes at these 
plural positions, incident to functional brain activities at the 
time that an operator imagines the operation for inputting 
each signal to the external equipment (e.g., the computer). 
Thereafter, the results of learning are stored in the memory 
unit 130 in advance. Further, the operation unit 120 deter 
mines hemoglobin concentrations and characteristic param 
eters by its operation from the actually-measured signals. 
The operation unit 120 searches whether the characteristic 



US 2006/0184046 A1 

parameters similar to the data stored in the memory unit 130 
exist in the data, and determines a signal to be inputted to the 
external equipment. 
0208. The second operation procedural example will 
hereinafter be described in detail along with the flowchart 
shown in FIG. 35. 

(Step 2-1) 
0209 An oxy-, deoxy- or total-hemoglobin concentration 

is determined by operation from the intensities of transmit 
ted lights of respective wavelengths from the respective 
measurement regions i. 
(Step 2-2) 
0210 Values Pi, j (matrix values) of respective charac 

teristic parameters j in each measurement region i are 
determined by operation from each or arbitrary hemoglobin 
concentration determined by operation in step 2-1. As the 
characteristic parameters j, for example, integrated values of 
respective or arbitrary hemoglobin concentrations at arbi 
trary time intervals, the rates of changes in the respective or 
arbitrary hemoglobin concentrations at arbitrary times, or 
the intensities of arbitrary frequencies corresponding to time 
changes in respective or arbitrary hemoglobin concentra 
tions are used. These can be determined in various ways. 
(Step 2-3) 
0211 Here, the types of signals outputted from the opera 
tion unit 120 are defined as k types. General learning data or 
learning data on individual operators has been stored in the 
memory unit 130 in advance. 
0212. A learning data structure is standard deviations and 
mean values every characteristic parameters j at every 
measurement regions i having the same structures every 
output signals k. Namely, a probability distribution of the 
characteristic parameters is predicated on the Gaussian 
distribution. The Gaussian function can be described by the 
standard deviations and mean values. 

0213 When, for example, the external equipment 200 is 
regarded as a computer and signals k outputted from the 
operation unit 120 are inputted to the computer, the cursor 
is set so as to move to the right. Further, the operator puts 
on the measurement system 110 and imagines “shifting the 
cursor to the right” plural times in advance. At this time, 
standard deviations and mean values are calculated every 
characteristic parameters at every measurement regions i to 
be measured. The resultant standard deviations and mean 
values every characteristic parameters j at every measure 
ment regions i are stored in the memory unit 130 as learning 
data about the signals k. In step 2-3, the stored learning data 
Di, j, k are read into the operation unit 120. 
0214 FIG. 36 shows a data structure of the learning-data 
Di, j, k. In FIG. 36, indicate standard deviations and A 
indicate mean values, and dotted lines (. . . ) means the 
omission. Further, the measurement regions i are defined as 
n in number and the number of types of the characteristic 
parameters j is defined as m. 
(Step 2-4) 

0215 Mahalanobis distances MDk are determined by 
operation every signals k, using all the stored learning data 
Di, j, k and the values Pi, j of the respective characteristic 
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parameters j at every measurement regions i, which have 
been computed in step 2-2. Each of the Mahalanobis dis 
tances is given by the known simple equation. 
(Step 2-5) 
0216) The minimum Mahalanobis distance MDk (min) is 
searched from the Mahalanobis distances MDk determined 
by operation in step 2-4 every signals k. If the minimum 
value is selected from the values of the 1 to k signals, it is 
then defined as the minimum Mahalanobis distance MDk 
(min). 
(Step 2-6) 
0217. The operation unit 120 determines whether the 
minimum Mahalanobis distance MDk (min) falls within an 
arbitrary threshold range. If it is determined that the mini 
mum Mahalanobis distance MDk (min) falls within the 
threshold range, then the operation unit 120 proceeds to step 
2-7. If it is determined that the minimum Mahalanobis 
distance MDk (min) falls outside the threshold range, then 
the operation unit 120 returns to step 2-1 referred to above. 
(Step 2-7) 
0218. The operation unit 120 outputs the signals k 
obtained in the above-described manner and sends the same 
to the external equipment (computer) 200. 
0219. The second operation procedural example is an 
application of the Mahalanobis estimation method. How 
ever, a method of applying a neural network is also known 
as a third operation method to perform similar estimation. In 
this case, the respective characteristic parameters i at every 
measurement regions i are inputted to respective terminals 
on the input side of the neural network and the respective 
signals k (k=1 to 1) are assigned to respective terminals on 
the output side thereof. The neural network is learned in 
advance every operators or by plural operations of general 
operators so that arbitrary signals k are outputted according 
to the values of the respective characteristic parameters at 
every measurement regions i. The use of the learned neural 
network can provide a function similar to that obtained by 
the Mahalanobis estimation method shown in FIG. 35 and 
permits the output of a signal corresponding to the imagi 
nation of a user. 

0220. In FIG. 33, the neural network is electrically 
connected to a stage Subsequent to the operation unit 120. 
The characteristic parameters are inputted to the respective 
terminals on the input side of the neural network. The 
respective terminals on the output side of the neural network 
are electrically connected to the external equipment 200. 
0221) In addition to the first, second and third operation 
methods, the operation unit may of course determine the 
type of output signal, directly using signals measured by 
detectors for the measurement of brain activity. 

Sixth Embodiment 

0222 FIG. 37 schematically shows a configuration of a 
control device by living body, according to a sixth embodi 
ment of the present invention. 
0223 The present embodiment shows a case in which a 
doze alarm is given to a vehicle driver by using a signal 
outputted from a measurement system of brain activity 
according to the present invention. 
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0224). In FIG. 37, reference numerals 9, 102, 103, 104, 
105, 106, 107, 108, 109, 111, 112, 113, 114, 115 and 116 
indicate a driver (Subject), a handle, a seat, a motor vehicle, 
a driver circuit, a speaker, an optical fiber fixer or optical 
fiber fixing helmet, a light incident optical fiber, a light 
collecting or detection optical fiber, an input device, an 
optical measurement unit for a living body (measurement 
system of brain activity), an input signal determination unit, 
a signal line, a microcomputer, and a memory unit, respec 
tively. In the present embodiment, a subject measurement 
signal outputted from the optical measurement unit 112 is 
used-to give a doze alarm to the driver 9. Namely, the input 
device 111 (including the optical measurement unit 112, the 
input signal determination unit 113, the light incident optical 
fiber 108, the detection optical fiber 109 and the optical fiber 
fixer or optical fiber fixing helmet 107) constitutes an input 
device by living body, according to the present invention. 
The microcomputer 115 is used as a piece of external 
equipment. 

0225 FIG. 37 shows a state in which the driver 9 takes 
the seat 103 and is driving the vehicle 104 while controlling 
the handle 102. The driver 9 is putting on the optical fiber 
fixer (helmet) 107. The light incident optical fibers 108 and 
the detection optical fibers 109 of one pair or more are fixed 
to the optical fiber fixer (helmet) 107. Light is always 
applied to the head of the driver 9 through the light incident 
optical fiber 108. The light passing through the living body 
is collected by the detection optical fiber 109 fixed to a light 
collecting position spaced by an arbitrary distance (e.g., 
about 30 mm) away from the position where the light is 
applied thereto. Light sources for providing the lights to be 
applied through the light incident optical fibers 108 are 
provided within the optical measurement unit 112. Similarly, 
optical detectors for detecting the light collected by the 
detection optical fibers 109 are also provided within the 
optical measurement unit 112. 
0226. As illustrated in the embodiment of FIG. 33, the 
respective incident light intensities are modulated with the 
modulation frequencies different from each other every 
different light incident positions and every different incident 
light wavelengths. If the phases of the light intensity signals 
passing through the living body detected by the optical 
detectors are phase-detected and the intensity components of 
the lights passing through the living body at every respective 
modulation frequencies are separated and measured, then 
the influence of stray lights from those other than a desired 
measurement position can be eliminated and the intensity 
components of the lights passing through the living body 
every wavelengths at every measurement positions can be 
separated and measured. A measurement position defined by 
each pair of incident light optical fiber 108 and detection 
optical fiber 109 may be set to a plurality of arbitrary 
positions every drivers 9. However, when characteristic 
portions such as a high light-transmissive frontal head, a 
portion in which hemo-dynamics change pronouncedly due 
to sleepiness, etc. have been recognized in advance, it is 
preferable to selectively set the measurement positions to 
these characteristic portions. 
0227. The input signal determination unit 113 extracts a 
signal indicative of sleepiness, based on a measurement 
signal indicative of head hemo-dynamics, which has been 
measured by the optical measurement unit 112. The input 
signal determination unit 112 comprises a memory unit 
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which stores therein constant data necessary for the opera 
tion of hemo-dynamics, such as optical parameters like 
hemoglobins or the like, and learning data about the driver 
9, and an operation unit for performing an operation on the 
hemo-dynamics and making a decision about an input 
signal. As described in the previous third operation proce 
dural example, the neural network may be used to determine 
the input signal. 
0228. When the sleepiness of the driver 9 is now, detected 
by the input signal determination unit 113, a detection signal 
indicative of the sleepiness is thereof is inputted to the 
microcomputer 115 through the signal line 114. The micro 
computer 115 sends a signal for giving a warning-forward 
command to a doze alarm system composed of the driver 
circuit 105 and the speaker 106. When the warning com 
mand signal is inputted to the doze alarm system, the driver 
circuit 105 sends a warning tone signal to the speaker 106 
where a warning tone is produced. As a warning means of 
the doze alarm system, various means Such as a light 
stimulating one or one for vibrating the seat 103, etc. are 
considered as well as one for stimulating the driver with the 
above tone. The microcomputer 115 may select voice or tone 
signal data stored in the memory unit 116 according to the 
level of an alarm and output a voice alarm indicative of the 
contents of an alarm Such as "Danger, Danger . . . . . It is 
also possible to provide the input device 111 within the 
optical fiber fixer 107 and send a signal to the doze alarm 
system through an electromagnetic wave without the use of 
the signal line 114. Further, when the microcomputer 115 
has determined a rise in the alarm level, the microcomputer 
115 may directly output signals for applying the brake and 
stopping the engine, for example, as indicated by arrows 
extending in a downward direction. 
0229. The alarm generating system using such living 
body measurement signals can be applied to the operations 
of all the moving means such as an airplane, a train, etc. as 
well as to the vehicle driving shown in FIG. 37. The alarm 
generating system can be applied as a system for determin 
ing sensitive states such as a doze, fatigues, the feeling of 
irritation, redout, blackout, etc. interfering with the vehicle 
driving while these moving means are being driven, and 
automatically generating an alarm. Incidentally, the redout 
and blackout indicate symptoms in which an intracerebral 
blood stream is focused on a local place by large accelera 
tion during the control of the airplane or the like, so that the 
sense of vision results in trouble and the driver loses 
consciousness. 

0230 Thus, the input device by living body, according to 
the present invention can be also applied as, for example, an 
environmental control device by being used as a device for 
inputting each signal to the microcomputer. Namely, the 
input device can be also utilized as a device capable of 
determining a Subjective state sensitive to cold, hot and 
relaxed Surroundings and controlling environmental condi 
tions such as environmental temperatures, environment 
music, brightness, a state of an image, etc. 
0231. Further, the input device can be also applied as a 
learning level determining device. Namely, it can be utilized 
as a device for determining a learning level of learning, 
motion (including rehabilitation) or the like and displaying 
the degree of its skillness. Moreover, it can be used as a 
training device for repeatedly training a person on the basis 
of the displayed degree of skillness. 
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0232. It is also possible to apply the input device as a 
diagnostic and warning device for medical care. Namely, it 
can be applied to a diagnostic device for determining the 
focus of epilepsy of an epileptic patient, a functional brain 
activity detection device for a patient having a cerebral 
disease, a warning device for an epileptic fit, etc. 

0233. The input device by living body can be also applied 
as a device for displaying the senses and thoughts of those 
Such as a patient, an infant and animals or the like each 
having a muscle disease or a vegetative state, which are 
unable to transfer their intentions to the outside or originally 
do not come to an understanding. Described more specifi 
cally, the input device captures an infant thought and con 
verts it into a digital electric signal, followed by input to the 
microcomputer. Further, meaningful words are registered in 
a memory in advance and determined and selected there 
from. Thereafter, the selected word is outputted by voice. 
Moreover, the input device captures information on the 
inside brain the infant and detects a momentary change in 
intracerebral activity. Thereafter, the input device inputs its 
change to a voice synthesis circuit as a phoneme and allows 
the infant to transfer the thought or will of the infant as a 
voice. Moreover, the attachment of the input device by 
living body according to the present invention to animals, 
pets or the like can also provide recognizing what do these 
animals desire. 

0234. Further, the input device can be also applied to a 
device for determining feelings of joy and anger and trans 
ferring information about the feelings through a videophone 
or the like. Expression can be added onto a computer 
graphics picture of a transmitter's face, which is displayed 
on the receiver side, judging from the feelings information 
on the transmitter side, which is transferred by the device. 

0235. The input device can be applied even to a device 
for determining concentration and displaying it thereon. 
Further, it can be also applied to a lie detector. 

0236 According to the present invention, as has been 
described above, since the localized brain function informa 
tion is measured by the brain function measurement system 
and the resultant measured signals ate used as the signals to 
be inputted to the external equipment, the external equip 
ment can be controlled without using the keyboard, mouse, 
handle, etc. Further, the measurement system can be applied 
even to the vehicle warning device, the environmental 
control device, the learning level determining device, the 
diagnostic and warning device for medical care, the inten 
tion display device, the information transfer device, the 
concentration determination device and the lie detector or 
the like. Accordingly, the communications that were previ 
ously impossible between persons having no information 
transferring means, can be also achieved. 

0237 While the present invention has been described 
with reference to the illustrative embodiments, this descrip 
tion is not intended to be construed in a limiting sense. 
Various modifications of the illustrative embodiments, as 
well as other embodiments of the invention, will be apparent 
to those skilled in the art on reference to this description. It 
is therefore contemplated that the appended claims will 
cover any such modifications or embodiments as fall within 
the true scope of the invention. 
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What is claimed is: 
1. An optical measurement instrument for a living body 

comprising: 
a first light irradiation means for irradiating a first irradi 

ated light from a first irradiation position in a small 
region as considered as a plan on the Surface of a head 
of a subject into the inside of the head in the region in 
the direction of depth: 

a second light irradiation means for irradiating a second 
irradiated light from a second irradiation position in the 
region into the inside of the head; 

a first detection means for detecting the first irradiated 
light to pass through the head in a first detection 
position in the region; 

a second detection means for detecting the second irra 
diated light to pass through the head in a second 
detection position in the region; and 

means for multiplication or addition of a first signal and 
a second signal in a calculator, 

wherein the first signal is based on a signal of a first 
transmitted light of the light irradiated from the first 
light irradiation means detected by the first detection 
means and the second signal is based on a signal of a 
second transmitted light of the light irradiated from the 
second light irradiation means detected by the second 
detection means; 

wherein the first and the second irradiation positions and 
the first and the second detection positions are prede 
termined such that a first transmitted light path and a 
second transmitted light path are overlapped in a cer 
tain region in the head, the first transmitted light path 
being from the first irradiation position to the first 
detection position, the second transmitted light path 
being from the second irradiation position to the second 
detection position; and 

wherein a first straight line linking the first irradiation 
position with the first detection position and a second 
straight line linking the second irradiation position with 
the second detection position, are nonparallel line. 

2. An optical measurement instrument for a living body 
comprising: 

first light irradiation means and first light detection means 
arranged in a point symmetry position in which a point 
symmetry center is the center of a circle having a 
diameter of a certain size in on the Surface region as 
considered as a plan on the Surface of a head of a 
Subject; 

second light irradiation means and second light detection 
means arranged in a point symmetry position different 
from the position in which the first light irradiation 
means and the first light detection means are arranged; 
and 

a first straight line linking a first irradiation position of the 
first light irradiation means with first detection position 
of the first light detection means and a second straight 
line linking a second irradiation position of the second 
light irradiating means with second detection position 
of the second light detection means are nonparallel 
lines, and 
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wherein the optical measurement instrument further com 
prises means for multiplication or addition of a first 
signal and a second signal in a calculator in which the 
first signal is based on the signal of a first transmitted 
light of the light irradiated from the first light irradia 
tion means detected by the first detection means and the 
second signal is based on the signal of a second 
transmitted light of the light irradiated from the second 
light irradiation means detected by the second detection 
CaS. 

3. The optical measurement instrument for a living body 
according to claim 2, wherein a detection sensitivity in at 
least one of the first and second light detection means for 
detecting a change of concentration of absorbed substances 
inside of the head under the center of the circle is higher than 
a detection sensitivity in at least one of the first and second 
light detection means for detecting a change of concentra 
tion of absorbed substances in each area inside of the head. 

4. An optical measurement instrument for a living body 
comprising: 

first and second light irradiation means and first and 
second light detection means arranged in equidistance 
on a circle having a diameter of a certain size in on the 
Surface region as considered as a plan on the Surface of 
a head of a Subject; 

a first straight line which link the first light irradiation 
means with the first light detection means passes 
through the center of the circle; and 

a second straight line which links the second light irra 
diation means with the second light detection means 
passes through the center of the circle; 

wherein first straight line and the second straight line are 
nonparallel lines; 

wherein the optical measurement instrument further com 
prises means for multiplication or addition of a first 
signal and a second signal in a calculator in which the 
first signal is based on a signal of a first transmitted 
light of light irradiated from the first light irradiation 
means detected by the first detection means and the 
second signal is based on a signal of a second trans 
mitted light of light irradiated from the second light 
irradiation means detected by the second detection 
means; and 

wherein first and second irradiation positions and first and 
second detection positions of the first and second 
detection means are positioned such that a first trans 
mitted light path and a second transmitted light path are 
overlapped in a certain region in the head, the first 
transmitted light path being from the first irradiation 
position to the first detection position, the second 
transmitted light path being from the second irradiation 
position to the second detection position. 

5. The optical measurement instrument for a living body 
according to claim 4, wherein a detection sensitivity in light 
detection means for detecting a change of concentration of 
absorbed substances inside of the head under the center of 
the circle is higher than a detection sensitivity in light 
detection means for detecting a change of the concentration 
of absorbed substances in each area inside of the head. 
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6. An optical measurement instrument for a living body 
comprising: 

first and second light irradiation means and first and 
second light detection means arranged in equidistance 
on a first circle having a diameter of a certain size in on 
a planar region as considered as a plan on a surface of 
a head of a Subject; 

a first straight line linking the first light irradiation means 
with the second light detection means passes through a 
center of the first circle; 

a second straight line linking the second light irradiation 
means with the first light detection means passes 
through the center of the first circle; 

the first straight line and the second straight line are 
nonparallel lines; 

third and fourth light irradiation means and the first and 
second detection means are arranged in equidistance on 
a second circle on the planar Surface region; 
third straight line linking the third light irradiation 
means with the second light detection means passes 
through a center of the second circle; 

a fourth straight line linking the fourth light irradiation 
means with the first light detection means passes 
through the center of the second circle; and 

the third straight line and the fourth straight line are 
nonparallel lines; 

wherein multiplication or addition of a first signal and a 
second signal is carried out in a calculator in which the 
first signal is based on a signal of a first transmitted 
light of the light irradiated from the second light 
irradiation means detected by the first light detection 
means and the second signal is based on a signal of a 
second transmitted light of the light irradiated from the 
first light irradiation means detected by the second light 
detection means; and 

wherein multiplication or addition of a third signal and a 
fourth signal is carried out in a calculator wherein the 
third signal is based on a signal of a third transmitted 
light of the light irradiated from the third light irradia 
tion means detected by the second light detection 
means and the fourth signal is based on a signal of a 
fourth transmitted light of the light irradiated from the 
fourth light irradiation means detected by the first light 
detection means. 

7. The optical measurement instrument for a living body 
according to claim 6 wherein a detection sensitivity in light 
detection means for detecting a change of concentration of 
the absorbed substances inside of the head under the first and 
second centers of the circles is higher than a detection 
sensitivity in light detection means for detecting a change of 
concentration of absorbed Substances in each area inside of 
the head. 

8. An optical measurement instrument for a living body 
comprising: 

first, second and third light irradiation means, and first, 
second and third light detection means arranged in 
equidistance on a first circle having a diameter of a 
certain size in on a certain Small planar region as 
considered as a plan on the Surface of a head of a 
Subject; 



US 2006/0184046 A1 

each of a first straight line linking the first light irradiation 
means with the second light detection means, a second 
straight line linking the second light irradiation means 
with the first light detection means and the third straight 
line linking the third light irradiation means with the 
third light detection means passes through a center of 
the first circle; 

the first straight line, the second straight line and the third 
straight are nonparallel lines; 

fourth light irradiating means, sixth light irradiating 
means and the second light irradiation means, and fifth 
light detection means, sixth light detection means and 
the first light detection means arranged in equidistance 
on a second circle having a diameter of the same size 
as that of the first circle in the planar region; 

each of a fourth Straight line linking the second light 
irradiation means with the fifth light detection means, 
a fifth straight line linking the fourth light irradiation 
means with the first light detection means and a sixth 
straight line linking the sixth light irradiation means 
with the sixth light detection means passes through the 
center of the second circle; and 

the fourth straight line, the fifth straight line and the sixth 
straight are nonparallel lines; 

wherein multiplication or addition of a first, a second, a 
third, a fourth, a fifth and a sixth signal is carried out in 
a calculator wherein the first signal is based on a signal 
of a first transmitted light of light irradiated from the 
first light irradiation means detected by the first light 
detection means, the second signal is based on a signal 
of a second transmitted light of light irradiated from the 
second light irradiation means detected by the second 
light detection means, the third signal is based on a 
signal of third transmitted light of light irradiated from 
the third light irradiation means detected by the third 
light detection means, the fourth signal is based on a 
signal of fourth transmitted light of light irradiated 
from the fourth light irradiation means detected by the 
first light detection means, the fifth signal is based on 
a signal of fifth transmitted light of light irradiated from 
the second light irradiation means detected by the fifth 
light detection means, and the sixth signal is based on 
a signal of the sixth transmitted light of light irradiated 
from the sixth light irradiation means detected by the 
sixth light detection means. 

9. The optical measurement instrument for a living body 
according to claim 8, wherein a detection sensitivity in light 
detection means for detecting a change of concentration of 
absorbed substances inside of the head under the first and the 
second centers of the circles is higher than a detection 
sensitivity in light detection means for detecting a change of 
concentration of absorbed Substances in each area inside of 
the head. 

10. An optical measurement instrument for a living body 
comprising: 

first and second light irradiation means and first and 
second light detection means arranged in equidistance 
on a first circle having a diameter of a first size on a 
planar region as considered as a plan on a Surface of a 
head of a subject; 
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a first straight line linking the first light irradiation means 
with the first light detection means passes through a 
center of the first circle; 

a second straight line linking the second light irradiation 
means with the second light detection means passes 
through the center of the first circle; 

the first straight line and the second straight line are 
nonparallel lines; 

third and fourth irradiation means and third and fourth 
detection means are arranged in equidistance on a 
second circle having a diameter of the same size as that 
of the first circle and arranged concentrically with the 
first circle on the planar Surface region; 
third straight line linking the third light irradiation 
means with the third light detection means passes 
through a center of the second circle; 

a fourth straight line linking the fourth light irradiation 
means with the fourth light detection means passes 
through the center of the second circle; and 

the third straight line and the fourth straight line are 
nonparallel lines; 

wherein multiplication or addition of a first signal and a 
second signal is carried out in a calculator wherein the 
first signal is based on a signal of a first transmitted 
light of light irradiated from the first light irradiation 
means detected by the first light detection means and 
the second signal is based on a signal of a second 
transmitted light of light irradiated from the second 
light irradiation means detected by the second light 
detection means; and 

wherein multiplication or addition of a third signal and a 
fourth signal is carried out in a calculator wherein the 
third signal is based on a signal of a third transmitted 
light of light irradiated from the third light irradiation 
means detected by the third light detection means and 
the fourth signal is based on the signal of a fourth 
transmitted light of light irradiated from the fourth light 
irradiation means detected by the fourth light detection 
CaS. 

11. The optical measurement instrument for a living body 
according to claim 10, wherein a detection sensitivity in 
light detection means for detecting a change of concentra 
tion of absorbed substances inside of the head under the first 
and the second centers of the circles is higher than a 
detection sensitivity in light detection means for detecting a 
change of concentration of the absorbed Substances in each 
area inside of the head. 

12. The optical measurement instrument for a living body 
according to claim 11, wherein an area having high detection 
sensitivity is under the first and the second circles and in two 
positions in the direction of depth. 

13. An optical measurement instrument for a living body 
comprising: 

a first light irradiation means for irradiating a first irradi 
ated light having one intensity-modulated from light of 
wavelength 1 of a visible-infrared region with fre 
quency f1 and one intensity-modulated from light of 
wavelength 2 other than 1 with frequency f2 other 
than f1 from a first irradiation position on a surface of 
a Subject into an inside of a subject; 
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a second light irradiation means for irradiating a second 
irradiated light having one intensity-modulated from 
light of wavelength k1 with frequency f3 other than f1 
and f2 and one intensity-modulated from the light of 
wavelength 2 other than 1 with frequency f4 other 
than f1-f3 from a second irradiation position different 

the first light detection means and the second signal is 
based on the intensity of the second transmitted light of 
a signal having frequency f detected by the second 
light detection means; 

wherein multiplication or addition of a third signal and a 
from the first irradiation position on the surface of a 
subject into the inside of the subject; 

a first light detection means for selecting and detecting 
individually one intensity-modulated with frequency f1 
and one intensity-modulated with frequency f2 among 
transmitted light to pass through the inside of the 
subject of first transmitted lights in the first detection 
position on the Surface of the Subject corresponding to 
the first irradiation position; and 

a second light detection means for selecting and detecting 
individually one intensity-modulated with frequency f3 
and one intensity-modulated with frequency f4 among 
transmitted light to pass through the inside of the 
Subject of second transmitted lights in the second 
detection position other than the first detection position 
on the Surface of the Subject corresponding to the 
second irradiation position; 

wherein multiplication or addition of a first signal and a 
second signal is carried out in a calculator wherein the 
first signal is based on the intensity of the first trans 
mitted light of a signal having frequency f1 detected by 

fourth signal is carried out in a calculator wherein the 
third signal is based on the intensity of a third trans 
mitted light of a signal having frequency f2 detected by 
the first light detection means and the fourth signal is 
based on the intensity of a fourth transmitted light of a 
signal having frequency f4 detected by the second light 
detection means; 

wherein the first and the second irradiation positions and 
the first and the second detection positions are prede 
termined such that a first transmitted light path and a 
second transmitted light path are overlapped in a cer 
tain measurement region in the Subject, the first trans 
mitted light path being from the first irradiation posi 
tion to the first detection position, the second 
transmitted light path being from the second irradiation 
position to the second detection position; and 

wherein a first straight line linking the first irradiation 
position with the first detection position and a second 
straight line linking the second irradiation position with 
the second detection position are nonparallel lines. 
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