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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an optical
measurement apparatus for living body; and more par-
ticularly, the invention relates to a technique effective in
observing areas where there is response by the object
to be examined to outside stimulation.

BACKGROUND OF THE INVENTION

[0002] In recent years, the optical measurement ap-
paratus for living body has been developed, by which
functions of tissue in a living body are observed by trans-
mitting laser light to the interior of the living body and
detecting signals generated due to interaction between
the laser and hemoglobin in the blood flow within the
living body. Such an optical measurement apparatus for
living body is disclosed, for example, in Japanese Patent
Laid-open Publication JP-A-9-98972 (hereinafter re-
ferred to as "document 1"). The optical measurement ap-
paratus for living body mentioned therein is constituted
of modulated semiconductor laser devices for generating
light having various modulation frequencies, light-trans-
mitting optical fibers for guiding the light generated by
the semiconductor laser devices to transmit light to a plu-
rality of positions, detecting optical fibers for collecting
the light which has passed through the living body (here-
inafter referred to as "living-body transillumination") and
guiding it to photodiodes, a fixing member for fixing the
tips of the light-transmitting optical fibers and the detect-
ing optical fibers to predetermined positions on the living
body, lock-in amplifiers for separating electric signals of
the optical intensity of the living-body transillumination
which are output from the photodiodes (hereinafter re-
ferred to as "living-body transillumination intensity sig-
nals") according to wavelength and measurement posi-
tion, an A/D converter for converting the outputs of the
lock-in amplifiers into digital signals, an input/output unit
having an image generation unit for generating an image
of the living-body transillumination intensity signal (a to-
pography image) corresponding to variations of hemo-
globin concentration at each measuring point from the
living-body transillumination intensity signals after A/D
conversion, and an image display unit for inputting oper-
ation instruction for the apparatus and displaying the liv-
ing-body transillumination intensity signal image. In this
specification, "transillumination" hereinafter means any
kind of light including transmitted light, reflected light, and
scattered light which are generated at a light source and
detected at a detector (a light detector) after interacting
with the living body.

[0003] Inthe measurement using the conventional op-
tical measurement apparatus for living body described
above, the fixing member is first put on the living body,
and the light-transmitting optical fibers and the detecting
optical fibers supported by a probe holder provided to
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the fixing member are applied to predetermined positions
on the living body. Then, in preliminary measurement,
for example, plural measurements of 10 seconds each,
living-body transillumination intensity signals in the rest-
ing state, are measured, and the measured values are
averaged to calculate hemoglobin concentration in
measured areas of the living body in the resting state.
Next, the living-body transillumination intensity signals
are measured in the state where stimulation is applied
to the living body.

[0004] Then, relative variations of oxygenated hemo-
globin concentration and relative variations of deoxygen-
ated hemoglobin concentration are calculated at each
measuring point from the measured living-body transil-
lumination intensity signals in the resting state and the
measured living-body transillumination intensity signals
in the state where stimulation is applied. An image of the
living-body transillumination intensity signal is generated
from the relative variations of oxygenated hemoglobin
concentration, the relative variations of deoxygenated
hemoglobin concentration, and the relative variations of
total hemoglobin concentration which is the sum of the
relative variations of oxygenated hemoglobin concentra-
tion and deoxygenated hemoglobin concentration, and
this image is displayed.

[0005] To describe in detail the mode of image display
in the conventional optical measurement apparatus for
living body, relative variations of oxygenated hemoglobin
concentration, relative variations of deoxygenated hemo-
globin concentration, and relative variations of the total
hemoglobin concentration are calculated at each meas-
uring point from the living-body transillumination intensity
signal acquired at a measuring point (a position to be
measured) which is the area between a pair of the light-
transmitting optical fiber and the detecting optical fiber
which are adjacently placed. The relative variations of
oxygenated hemoglobin concentration and the relative
variations of deoxygenated hemoglobin for each pixel
are calculated by spline interpolation and the like from
the relative variations of oxygenated hemoglobin con-
centration and the relative variations of deoxygenated
hemoglobin concentration obtained at each measuring
point. When the result thereof is displayed as an image,
the area where the variation is minimum among those
relative variations is provided with blue hue, the area
where the variation is maximum is provided with red hue,
and areas between them are provided with medium hues
between blue and red in accordance with their variation.
The area where the variation of hemoglobin concentra-
tion is maximum represents the area which has been
activated by the application of stimulation. In this manner,
the area which has been activated by stimulation, that is,
the functioning area of the living body is identified by the
variations of hemoglobin concentration in the measuring
area.

[0006] After considering the above-described conven-
tional technique, the inventor found a problem. That is,
to take therapy of epilepsy as an example, the therapy
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in which the focal point of epilepsy is identified and is
excised requires not only accurate identification of the
focal point of epilepsy, but also accurate identification of
positions of a speech function area (the "speech area"),
a visual function area ("the optic area") and the like. The
reason thereof is to enable exsection of the focal point
of epilepsy to maximum while reducing damage to the
speech area and the visual area to minimum, by identi-
fying the accurate position of the speech area and the
visual area, and thus improve treatment outcome.
[0007] On the other hand, to accurately identify the ar-
eas where the relative variations of hemoglobin concen-
tration greatly changes (the focal point of epilepsy), it is
necessary to identify the measuring point having the larg-
est relative variations of hemoglobin concentration and
the areas around it having large relative variations. How-
ever, when the relative variations of hemoglobin concen-
tration are displayed with colors as in the conventional
optical measurement apparatus for living body, the area
to be examined might depend on the difference of the
examiner’s sensitivity to colors. Therefore, a display
method by which the examiner can objectively identify
the area where the relative variation of hemoglobin con-
centration is greatest has been desired.

SUMMARY OF THE INVENTION

[0008] An object of the invention is to provide a tech-
nique by which efficiency of diagnosis using an optical
measurement apparatus for a living body can be im-
proved.

[0009] Thisobjectis solved by an optical measurement
apparatus in accordance with claim 1. The dependent
claims relate to preferred embodiments of the invention.
[0010] The above-described and other objects and the
novel features of the invention will be revealed in the
description of the specification and the attached draw-
ings.

[0011] An embodiment of the present invention pro-
vides an optical measurement apparatus for living body
constituted of light transmitting means for transmitting
light to a plurality of positions in the area of a living body
under examination; light detecting means for detecting
at a plurality of positions in the area under examination
the light which has been transmitted by the light trans-
mitting means and has passed through the living body;
load applying means for applying to the living body a load
to which the living body responds; means for generating
signals representing intensity change of transillumination
detected by the light detecting means at measuring
points which are determined based on positional relation
between each of the light transmitting means and the
light detecting means, during both a period in which the
load is applied to the living body and a period in which
the load is not being applied; means for converting time
variations of at least one signal among two signals de-
tected above and time variations of the light signal at
each measuring point into time variations of hemoglobin
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concentration; means for calculating the time variations
of hemoglobin concentration calculated at the measuring
points, determined based on the positional relation be-
tween each of the light transmitting means and the light
detecting means; and display control means for display-
ing graphs of the time variations of hemoglobin concen-
tration in correspondence with the positional relation be-
tween each of the light transmitting means and the light
detecting means.

[0012] The optical measurement apparatus further in-
cludes means for selecting and classifying graphs dis-
played on display means by the display control means
into a plurality of groups.

[0013] The optical measurement apparatus further in-
cludes means for distinguishably displaying the respec-
tive graphs of the groups to be displayed classified by
the selecting means.

[0014] Further, the optical measurement apparatus for
a living body desirably includes means for displaying on
the display means a particular group among the plurality
of groups classified by the selecting means.

[0015] Also, the apparatus includes means for aver-
aging measured values of the respective groups classi-
fied by the selecting means, and means for displaying
on the displaying means data of the respective groups
of the values. Further, the apparatus desirably includes
means for converting the average values calculated by
the averaging means into data displayed as graphs on
the display means.

[0016] The optical measurement apparatus for a living
body desirably includes means for calculating a correla-
tion between standard data representing characteristics
of one selected group and the data calculated by the
averaging means, and means for displaying a value of
the calculated correlation near the displayed graph. Fur-
ther, it is preferable that the standard data representing
the characteristics of one selected group is stored in stor-
ing means, and the stored standard data is read out by
readout means.

[0017] Further, the optical measurement apparatus for
a living body desirably includes means for inputting the
standard data representing the characteristics of one se-
lected group, and the standard data inputting means de-
sirably includes an operation device for inputting a plu-
rality of coordinate points on a coordinate plane having
two axes, for signal intensity and for time, on a screen of
the display means, means for calculating by interpolation
processing the coordinate points between the respective
coordinate points input by the operation device, and
means for generating a correlation standard graph from
the input coordinate points and the coordinate points cal-
culated by the interpolation processing. Further, the
standard data inputting means desirably includes means
for converting signal intensity and time of the coordinate
points input by the operation device into numerical val-
ues, and displaying the values as a chart.

[0018] Further, the optical measurement apparatus for
a living body desirably includes means for calculating a
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difference value between the average value of measured
values in the period in which the load is applied to the
living body and the average value of measured values in
the period when the load is not applied to the living body,
and means for displaying the difference value calculated
by the difference calculating means in the vicinity of the
displayed graph.

[0019] The optical measurement apparatus may also
be constituted of a plurality of light-transmitters for trans-
mitting light, which are discretely placed on plural posi-
tions on the head of a living body; a plurality of light de-
tectors for detecting light which has been transmitted by
the light-transmitter placed discretely on plural positions
on the head of the living body and which has passed
through the living body, the light detectors being placed
alternately with the light-transmitters; load applying
means for applying a load to which the living body re-
sponds when applied; preliminary measurement means
for performing preliminary measurement during the pe-
riod when the load is not applied to the living body, in
order to measure a standard signal; actual measurement
means for performing actual measurement which has a
rest period in which the load is not applied to the living
body and a loading period in which the load is applied to
the living body by the load applying means, so as to meas-
ure a signal representing intensity change of the transil-
lumination detected by the light detecting means; means
for calculating relative variations of the signal measured
in the actual measurement with respect to the standard
signal by comparing the signal calculated above and the
standard signal; and display control means for displaying
graphs of the above-calculated relative variations in cor-
respondence with the measuring points determined
based on the positional relation between each of the light
transmitting means and the light detecting means.
[0020] Further, the optical measurement apparatus for
a living body may be constituted of light transmitting
means for transmitting light to a plurality of positions on
the body surface corresponding to the areas to be exam-
ined in the living body; light detecting means for detecting
optical intensity of the light which has been transmitted
by the light transmitting means and which has passed
through the living body at the plurality of positions on the
surface of the living body; means for converting time var-
iations of the intensity of transillumination detected by
the detecting means into time variations of hemoglobin
concentration and making graph data of this time varia-
tions of hemoglobin concentration; and means for dis-
playing the graph data at display positions corresponding
to the measured points which are determined based on
the positional relation between each of the light transmit-
ting means and the light detecting means.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 is a diagram illustrating outline structure of an

10

15

20

25

30

35

40

45

50

55

optical measurement apparatus for living body ac-
cording to one embodiment of the present invention.
Fig.2is a flow chart showing the process of the living-
body optical measurement using an optical meas-
urement apparatus for living body according to this
embodiment.

Fig.3 is a diagram showing positions of measuring
points on the right brain and the left brain.

Fig.4 is a diagram showing fixing points of optical
fibers for illumination and for detection by which the
measuring points shown in Fig.3 are determined.
Fig.5 is a diagram showing one example of display-
ing graphs representing relative variations of meas-
ured hemoglobin concentration.

Fig.6 is a diagram showing one example of display-
ing graphs representing relative variations of hemo-
globin concentration in the same function area.
Fig.7 is a diagram showing one example of display
in which relative variations of hemoglobin concen-
tration in the same function area and correlation val-
ues on correlation graphs are represented together
with the graph.

Fig. 8 is a diagram showing one example of display-
ing difference values between the loading period and
the rest period along with graphs representing rela-
tive variations of hemoglobin concentration in the
same function area.

Fig.9 is a diagram illustrating process of setting a
correlation graph in the optical measurement appa-
ratus for living body according to the embodiment of
the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] Hereinafter, an embodiment of the present in-
vention is described in detail with reference to the draw-
ings. Incidentally, throughout the drawings for describing
the embodiment of the invention, elements having the
same function are provided with the same reference
numbers respectively.

[0023] Fig. 1is a block diagram illustrating the outline
structure of an optical measurement apparatus for living
body according to the embodiment of the invention. In
Fig.1, reference number 1 represents a light source unit,
reference number 2 represents light modules, reference
number 3 represents semiconductor laser devices, ref-
erence number 8 represents optical fibers for illumina-
tion, reference number 9 represents an object to be ex-
amined, reference number 10 represents optical fibers
for detection, reference number 11 represents photodi-
odes, reference number 12 represents a rock-in amplifier
module, reference number 16 represents an A/D con-
verter, reference number 17 represents a control unit
(CPU), reference number 18 represents storing means,
reference number 19 represents processing means, ref-
erence number 20 represents an input/output unit (dis-
play control unit), and reference represents number 21
represents animage generation unit. Incidentally, among
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the above-mentioned constituent features, all features
except the control unit 17, the processing means 19, the
input/output unit 20 and the image generation unit 21 are
similar to those in known optical measurement apparatus
for living body mentioned in, for example document 1.
Therefore, the following description refers in detail to the
control unit 17, the processing means 19, the input/output
unit 20, and the image generation unit 21.

[0024] The following is a description of structure and
operation of an optical measurement apparatus used for
speech-dominant hemisphere identification, in which
light having various absorptances to oxygenated hemo-
globin and deoxygenated hemoglobin is transmitted from
the skin surface of the head of an object to be examined
to the brain while activating the speech area of the brain
of the object, and relative variations of oxygenated he-
moglobin concentration, relative variations of deoxygen-
ated hemoglobin concentration, and relative variations
of total hemoglobin concentration are measured from
transillumination detected on the skin surface of the
head, wherein the optical measurement apparatus has
twenty-four measuring channels, or measuring positions.
However, it is obvious that the stimulation given to the
object may be replaced to visual stimulation, pain stim-
ulation, and kinetic stimulation, according to the content
of diagnosis. Further, the region to be measured in the
present invention is not limited to the head, and it may
be other portion and may be also applied to the living
body other than the human body. Also, by increasing the
number of light-transmitting positions and light-detecting
positions, the number of measuring channels can be in-
creased, whereby areas to be measured can be expand-
ed.

[0025] Referringto Fig. 1, the light source unit 1 is con-
stituted of the semiconductor laser devices 2 and the light
modules 3. The semiconductor laser devices 2 is de-
signed to transmit light having plural wavelengths be-
tween the visible area and the infrared area, for example
the light having two wavelengths of 780nm and 830nm,
the number of lasers corresponding to the number of the
measuring positions. Here, the light having wavelengths
of 780nm and 830nm is selected because light ab-
sorptance to oxygenated hemoglobin and that to deoxy-
genated hemoglobin are different. When the number of
measuring positions is twenty-four as mentioned above,
eight units of semiconductor laser devices for transmit-
ting light of 780nm and eight units of semiconductor laser
devices for transmitting the light of 830nm are provided,
wherein the total number of semiconductor laser devices
is sixteen. To each of light modules 3, the light having
two wavelengths is to be input. Each of the light modules
is provided with an oscillator having various oscillation
frequencies, and modulates and outputs the light trans-
mitted by the semiconductor laser devices 2. For exam-
ple, when the light having two wavelengths is used as
described above, light having modulation frequency of
two wavelengths of 780nm+Afn and 830+Afn, the value
of Afn being varied, is output to each light module. Thus,
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the number of light modules is eight, being half of the
semiconductor laser devices. Further, each of light mod-
ules is provided with an optical fiber coupler (not shown),
for guiding light made by modulating the light having two
wavelengths of 780nm and 830nm to one optical fiber (a
light-transmitting optical fiber 8).

[0026] Incidentally, the values of two wavelengths of
the light transmitted from the semiconductor laser devic-
es are not limited to 780nm and 830nm, and wavelength
number is also not limited to two. As a radiation source
of the light, a light-emitting diode may be employed, in-
stead of the semiconductor laser devices. As the modu-
lation performed in the light module, analog modulation
by sine wave and digital modulation by square wave with
various time intervals may be employed.

[0027] The light made by mixing two-wavelength light
emitted from the light source unit 1 is transmitted to the
head to be examined of the object 9 from the tips of eight
light-transmitting optical fibers 8 connected to the light
modules 2 respectively. Each of four light-transmitting
optical fibers 8 is fixed to the head of the object 9 by a
fixing member (not shown). By putting the optical fibers
through this fixing member, the positions of the optical
fibers 8 are set at positions different from each other on
the head of the object 9. Furthermore, in this embodi-
ment, the tips of the light-transmitting optical fibers 8 and
the detecting optical fibers 10 are alternately arranged
on a tetragonal lattice. In the above-described structure,
the positional relation between the light-transmitting op-
tical fibers 8 and the detecting optical fibers 10, and mod-
ulation frequencies of the light entering the light-trans-
mitting optical fibers 8 are recognized by the control unit
17. Incidentally, a measurement probe is described in
detail in document 1.

[0028] The living-body transillumination which has
been transmitted from the eight optical fibers 8 and has
passed through the head is collected at ten detecting
optical fibers 10 fixed on the fixing member. Here, the
light transmitted mainly from adjacent light-transmitting
optical fibers to the object 9 enters each detecting optical
fiber.

[0029] The light entering the detecting optical fibers is
detected at the photodiodes 11, which are the light de-
tectors and are connected to the other end of each optical
fiber 10. Itis preferable to employ known avalanche pho-
todiodes by which optical measurement can be per-
formed with high sensitivity. However, if a light detector
otherthan the photodiode is desired, something else hav-
ing photoelectric conversion function, such as a photo
multiplier, may be employed.

[0030] The living-body transillumination guided to the
photodiodes 11 is converted into electric signals (living-
body transillumination intensity signals), and a modulat-
ing signal corresponding to the light-transmitting point
and wavelength are selectively detected at a detection
circuit which can selectively detect the modulating signal,
such as the lock-in amplifier module 12 consisting of a
plurality of lock-in amplifiers. Here, the modulating signal
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output from the lock-in amplifier module 12 is the signal
which has been divided into a living-body transillumina-
tion intensity signal of particular wavelength and light-
transmitting positions. However, since measurement in
this embodiment is performed at twenty-four measuring
points using light having two wavelengths, the number
of signals to be measured is forty-eight. Therefore, the
lock-in amplifier module 12 according to this embodiment
is provided with a total of forty-eight lock-in amplifiers
(not shown). Further, when the digital modulation is em-
ployed, a digital filter or a digital signal processor is used
for the modulating signal detection.

[0031] The living-body transillumination intensity sig-
nals output as analog signals from the lock-in amplifier
module 12 are respectively converted into digital signals
by the A/D converter (analog-digital converter) 16 having
forty-eight channels. Each of these signals is the living-
body transillumination intensity signal corresponding to
each wavelength and light-transmitting point. The above
measurement is controlled by the control unit 17.
[0032] The living-body transillumination intensity sig-
nals converted into digital signals are sequentially output
to the storing means 18 and the processing means 19.
The storing means 18 sequentially stores the living-body
transillumination intensity signals input above.

[0033] The processing means 19 calculates relative
variations of oxygenated hemoglobin concentration
ACqyy and relative variations of deoxygenated
hemoglobin concentration ACg,, at each measuring
point from living-body transillumination intensity signals
measured during the period in which word stimulation is
applied, that is, a loading period with respect to standard
transillumination intensity signals, being living-body
transillumination intensity signals measured during a
period referred to as a rest period in which word
stimulation is not applied, among the above-input living-
body transillumination intensity signals, and displays as
a living-body transillumination intensity image on a
display screen of the input/output unit 20 the relative
variations of oxygenated and deoxygenated hemoglobin
concentration AC.,, and ACge,, and the relative
variations of the total hemoglobin concentration, which
is the sum of the relative variations of oxygenated
hemoglobin concentration AC,, and the relative
variations of deoxygenated hemoglobin concentration
ACgeoxy- The relative variations of oxygenated
hemoglobin concentration ACOXy, the relative variations
of deoxygenated hemoglobin concentration AC ¢y, and
the relative variations of total hemoglobin concentration
being the sum of the relative variations of oxygenated
hemoglobin concentration AC,, and the relative
variations of deoxygenated hemoglobin concentration
ACgeoxy are displayed separately or in combination.
Since the calculation method of the relative variations of
oxygenated hemoglobin concentration and the relative
variations of deoxygenated hemoglobin concentration
from the living-body transillumination intensity signals at
each detection position is mentioned in document 1, the
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detailed description thereof is omitted.

[0034] On the other hand, if graph representation of
living-body transillumination intensity signals at each
measuring position is commanded from a console (not
shown) which is connected to the input/output unit 20,
the processing means 19 according to this embodiment
displays at a position corresponding to each measuring
position a graph of variations of living-body transillumi-
nation intensity signals equivalent to the relative varia-
tions of oxygenated hemoglobin concentration or deox-
ygenated hemoglobin concentration, or the total hemo-
globin concentration, instead of displaying these relative
variations. Here, if representation of correlation between
the living-body transillumination intensity signals at each
measuring position is commanded from the console, the
processing means 19 calculates a correlation value from
the living-body transillumination signals at each measur-
ing position and the predetermined standard values
stored in the storing means 28, and displays a numerical
value or a graph of thus obtained correlation value. This
allows an examiner to objectively determine the location
of every kind of function area, which has been conven-
tionally determined by the examiner’s subjective reading
of the display.

[0035] Fig.2 is a flow chart illustrating the process of
optical measurement in the optical measurement appa-
ratus for living-body according to this embodiment. Here-
inafter, operation in graph representation and measuring
area setting are described with reference to Fig.2. How-
ever, as mentioned above, the flow chart shown in Fig.
2 is suitable for so-called speech-dominant-hemisphere
identification diagnosis, in which the brain area which is
dominant in speech function is identified in the right brain
and in the left brain, when the object to be measured is
a human body (the object 9).

[0036] First, the light-transmitting optical fibers 8 and
detecting optical fibers 10 are arranged by the examiner,
such that an area referred to as a speech area, which is
clinically known, is within the measuring area (step 201).
[0037] Here, as shown in Fig.3 and Fig.4, eight light-
transmitting optical fibers 8 and ten detecting optical fib-
ers 10 are put on the head of object 9, such that first to
twelfth measuring positions are set on the left brain of
object 9, and thirteenth to twenty-fourth measuring points
are set on the right brain. That is, four light-transmitting
optical fibers t1 to t4 and five detecting optical fibers r1
to r5 are put on the left-brain side, and four light-trans-
mitting optical fibers t5 to t8 and five detecting optical
fibers r6 to r10 are put on the right-brain side. When the
light-transmitting optical fibers and the detecting optical
fibers are thus put on the object 9, twelve points of d1 to
d12, which are intermediate positions between the light-
transmitting optical fibers and the detecting optical fibers,
are the measuring positions on the right-brain side, and
twelve points of intermediate positions d13 to d24 are
similarly measuring positions on the left-brain side.
[0038] After setting the optical fibers as described
above, the object 9 is kept in bed, and the preliminary
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measurement is performed. A standard value for calcu-
lating relative variations of oxygenated hemoglobin con-
centration, deoxygenated hemoglobin concentration,
and the total hemoglobin concentration in the actual
measurement is here measured.

[0039] After the preliminary measurement is complet-
ed, the actual measurement is started. The actual meas-
urement is the combination of measurement in the rest
period and measurement in the loading period. In the
actual measurement according to this embodiment, a
task consisting of the measurement in the rest period,
the subsequent measurement in the loading period, and
the measurement in the rest period subsequent to the
loading period is repeatedly and continuously performed
plural times (step 202).

[0040] When light is transmitted from the light-trans-
mitting optical fibers 8 to the object 9, living-body transil-
lumination which has passed through the object 9 and is
modified according to the presence or absence of verbal
stimulation enters one end of the detecting optical fibers
10. The living-body transillumination is sent to the appa-
ratus body by detecting optical fibers 10, and is converted
into electric signals at the photodiodes 11. After that, the
living-body transillumination intensity signals are input to
the lock-in amplifier modules 12 and are divided there
into living-body transillumination intensity signals of each
wavelength, converted into digital signals at the A/D con-
verter 16, stored to the storing means 18, and output to
the processing means 109.

[0041] Adding means in the processing means 19 first
adds the living-body transillumination intensity signals
which are input from the A/D converter 16 or read out
from the storing means 18 as many times as the task
number determined in advance based on the time of the
start of loading or the end of loading in the same manner
as, for example, when calculating the relative variations
of hemoglobin concentration. Next, adding means aver-
ages the added living-body transillumination intensity
signals, whereby the level of noise caused by measure-
ment is reduced. Thus obtained living-body transillumi-
nation intensity signals (average values) are compared
with the standard values and relative variations with re-
spect to the standard values are calculated, and the rel-
ative variations are output to the display device of the
input/output unit 20 in accordance with the instruction
fromthe control unit 17. The outputs are made into graphs
representing relative variations of hemoglobin concen-
tration in twenty-four channels corresponding to the 1-24
measuring positions as shown in Fig.5, and the graphs
are displayed on a screen of the display device such that
the positional relation between the measuring positions
can be understood by the examiner (step 203).

[0042] Further, only a graph selected in advance from
the graphs of living-body transillumination intensity sig-
nals can be displayed on the screen of the display device
connected to the input/output unit 20, whereby visiblity
of the graphs on the display screen may be improved.
Incidentally, representations of 1ch-24ch shown in Fig.4
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respectively correspond to the channel numbers showing
the measuring positions in Fig.3. In this embodiment, the
control unit 17 is designed to be able to control ON/OFF
of display of the channel numbers through input operation
from the console (not shown). Thus, the graph of each
measuring points may be easily identified.

[0043] Further, the processing means 19 sets the rel-
ative display positions of the graphs corresponding to the
measuring positions set on the object 9 according to the
positional information of the measuring positions output
from the control unit 17, whereby the examiner can vis-
cerally understand the positional relation between the
measuring positions and the graphs. A select button for
identifiably displaying the graphs for one function area
(the speech area in this embodiment) is provided on the
console. By controlling the select button appropriately,
the work of the examiner in referring to the displayed
graphs and in selecting the graphs belonging to the same
function area can be reduced.

[0044] In the process of selecting one function area,
taking as an example the case where the measuring po-
sitions d1-d6 are set as the same function area, the left
Broca’s area, the examiner first selects graphs of the
measuring positions d1-d6 as represented on the display.
Next, selecting-operation is done by selecting an ROI
icon 405 (cf. Fig.5) so as to set the areas selected by the
examiner as the same function area. Thus, the living-
body transillumination intensity signals at the measuring
positions d1-d6 are set as the living-body transillumina-
tion intensity signals of the same function area. The se-
lecting operation at this time is such that, for example,
the examiner inputs an instruction using a pointing device
or the like (not shown) connected to the input/output unit
20, and graph selecting means integrated in the process-
ing means 19 sequentially selects graphs to be set as
the same function area. Following the graph selecting
operation, the examiner selects the ROl icon 405 on the
screen, and the measuring areas corresponding to the
selected graphs are registered as the same function ar-
ea. As the measuring positions selected to be the same
function area is registered, the graphs of the selected
same function area are displayed with hue information
on, for example, the frame of the graph, the background,
the broken lines, the channel numbers or the like, so as
to be discernable from graphs of other function areas.
[0045] Further, relative variations of hemoglobin con-
centration in the selected measuring areas are used as
one group of data by the above selecting operation in the
optical measurement apparatus for living body according
to this embodiment, whereby a predetermined process-
ing described below is enabled. Incidentally, in this em-
bodiment, the measuring positions d1-d6 are set to be
the left Broca’s area, the measuring positions d7-d12 to
be the left Wernicke’s area, the measuring positions the
d13-d18 to be the right Broca’s area, and the measuring
positions d19-d24 to be the right Wernicke’s area.
[0046] Afterthe area settingis completed, the process-
ing means 19 averages the living-body transillumination
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intensity signals in the respective measuring positions
set to be the same function area, and sets the thus ob-
tained value as the living-body transillumination intensity
signal of that function area. Next, the processing means
19 generates graphs of the respective function areas
from the living-body transillumination intensity signals ac-
quired by averaging with the same process of the above
graphing process of the respective measuring positions,
and outputs thus obtained graphs to the input/output unit
20. Thus, as shown in Fig.6, averaged hemoglobin
graphs 501-504 of the respective same function areas
are displayed on the screen (step 204).

[0047] Next, the processing means 19 calculates cor-
relation values between the averaged hemoglobin
graphs 501-504 and a preset or examiner-set standard
graph (hereinafter referred to as a correlation graph), and
thus obtained correlation values are displayed in display
areas 601-604 below the averaged hemoglobin graphs
501-504 (step 205).

[0048] The state of display at this pointis shown in Fig.
6. As is clear from Fig.6, the optical measurement appa-
ratus for living body according to this embodiment ena-
bles easy determination of similarity between the aver-
aged hemoglobin graphs 501-504 obtained in the step
204 and the preset correlation graph. Therefore, when a
standard graph of the speech area which dominantly
changes in accordance with verbal stimulation is set as
the correlation graph, the examiner can easily and ob-
jectively identify the speech area by comparing the cor-
relation values displayed in the vicinity of the graphs
501-504. Although the period in which a correlation value
is obtained is set as the entire period for one task in this
embodiment, the embodiment is not limited thereto. For
example, the correlation values of the loading period only
may be calculated. Further, in this embodiment prede-
termined graphs or examiner-set graphs are the standard
graphs for correlation calculations, but the embodiment
is not limited thereto. For example, the living-body tran-
sillumination intensity signals of the respective measur-
ing areas shown in Fig.5 may be set as the standard
graphs. The structure for setting the living-body transil-
lumination intensity signals of the respective measuring
areas as the standard graphs is such that an icon for
selecting standard graphs is provided on the display
screen as the above-mentioned ROlicon 405is provided,
and selected graphs of living-body transillumination in-
tensity signals are set as the standard graphs by oper-
ating this icon. In this manner, the examiner can easily
select the standard graphs.

[0049] The processing means 19 has a function of cal-
culating the difference between the signals in the loading
period and in the rest period in the same manner as cal-
culation of the living-body transillumination intensity sig-
nals at the respective measuring positions, after dividing
the living-body transillumination intensity signals calcu-
lated in the step 204 by the living-body transillumination
intensity signals in the period of applying verbal stimula-
tion (loading period) and by the living-body transillumi-
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nation intensity signals in the rest period (rest). The dif-
ference values obtained by this difference calculation
function are displayed under the respective averaged he-
moglobin graphs 501-504 (step 206).

[0050] Fig.8 shows the state of display at this point. As
is clear from Fig.8, numerical values of relative variations
of the same function areas are displayed in display areas
701-704, whereby the area which dominantly changes
in response to verbal stimulation can be objectively iden-
tified. As a result, efficiency of speech dominant-hemi-
sphere identification diagnosis done by the examiner
may be improved. Incidentally, the difference values cal-
culated in this step may be the relative variations of the
total hemoglobin concentration, which is used when gen-
erating the living-body transillumination intensity image.
The above-described series of operations in the process-
ing means 19 is executed by software installed in the
control unit 17.

[0051] Fig.9 is a diagram showing the setting process
of the correlation graph in the optical measurement ap-
paratus for living body according to this embodiment.
Hereinafter, the setting process of the correlation graph
in the optical measurement apparatus for living body ac-
cording to this embodiment is described with reference
to Fig.9.

[0052] AsshowninFig.9,inthis embodiment, nine var-
iation points 804 are provided in order to form a correla-
tion graph 801 during the loading period and the rest
periods which are set before and after the loading period.
On the setting screen of the correlation graph 801 shown
in Fig.9, the processing means 19 performs spline inter-
polation processing between the respective variation
points 804 to form the correlation graph 801 after the
examiner sets positions (the signal-intensity direction
and the time-axis direction) of the respective variation
points 804. Here, the positions of the respective variation
points 804 on the time axis and the signal intensity axis
are displayed in a chart 803 on the same screen so as
to allow the examiner to set the correlation graph 801.
Especially, when the coordinate values in the chart 803
showing coordinate positions of the respective variation
points 804 are modified, this modification is promptly re-
flected to the correlation graph 801 in this embodiment,
whereby the setting of the correlation graph 801 can be
easily and effectively performed. Further, bars 802 indi-
cating a starting point and an ending point of the loading
period are provided within the display area of the corre-
lation graph 801. By using the bars 802 as indication lines
for setting the correlation graph 801, the examiner can
set the correlation graph more easily Incidentally, the in-
terpolation processing by the processing means 19 need
not be the spline interpolation, but the interpolation
processing due to other interpolation calculations, such
as linear interpolation, may be employed. The number
of variation points 804 is not limited to nine.

[0053] Further, in this embodiment, an area in which
a formula for setting the form of correlation graph 801 (a
formula input area) is provided on the same screen,
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wherein the correlation graph can be set according to the
formula which is directly input by the examiner. Here, the
formula to be set is displayed in the formula display area
805. The above-described correlation processing is also
executed by the software installed in the control unit 17.
[0054] According to the above-described embodi-
ment, the input/output unit 20 generates a graph in ac-
cordance with average values output from the processing
means 19, the graph is displayed on the display device
connected to the input/output unit 20, and the difference
values corresponding to the respective graphs are dis-
played in the vicinity of the respective graphs by the input/
output unit 20, whereby the examiner can objectively un-
derstand the variations of the transillumination. There-
fore, the speech area can be objectively determined (step
207).

[0055] Further, correlation values of the function areas
more suitable for diagnosis are calculated by calculating
correlations with respect to the standard values stored
in storing means 18, and the examiner can perform di-
agnosis with reference to the result thereof so that diag-
nostic efficiency is improved.

[0056] The above is the detailed description of the
present invention according to the embodiment of the
resent invention. However, the invention is not limited to
this embodiment. Various changes may be made without
deporting from the scope of the invention.

[0057] The following is a brief description of the effects
brought by the representative elements of the invention
laid open in this application:

(1) Since the examiner can objectively understand
variations of transillumination, he or she can objec-
tively determine the speech area to be examined;
(2) Since the examiner can observe intensity varia-
tions of transillumination within measurement areas
determined by the arrangement of a plurality of light-
transmitting and detecting optical fibers placed on
the object, he or she can objectively understand the
variations of the transillumination in a particular func-
tion area, and can perform determination on the func-
tion area to be examined. Therefore, diagnostic ef-
ficiency is improved.

(3) The examiner can easily understand the result
of comparison between variations of transillumina-
tion intensity in each measurement area or/and each
group and variations of transillumination intensity
from the standard graph, whereby diagnostic effi-
ciency is further improved.

Claims

1. An optical measurement apparatus for a living body
comprising:

light transmitting means (1) for transmitting light
to a plurality of positions in an area being exam-
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ined within a living body;

light detecting means (11) for detecting light
which has been transmitted by said light trans-
mitting means and has passed through the living
body at a plurality of positions in the area being
examined;

load applying means for applying to the living
body a load to which the living body responds;
means (12, 17) for calculating signals represent-
ing intensity change of the transillumination de-
tected by said light detecting means at measur-
ing points determined based on positional rela-
tion between said light transmitting means and
said light detecting means, during a period in
which the load is applied to the living body and
periods in which the load is not applied;
means (19) for calculating time variations of at
least one signal among two signals calculated
above at said measuring points;

means (19) for converting the time variations of
light signal at each measuring point into time
variations of hemoglobin concentration;
display control means (19, 20) for displaying
graphs of the above calculated time variations
of hemoglobin concentration in correspondence
with positional relation between each of said
light transmitting means and said light detecting
means;

means (19, 405) for selecting and classifying
graphs displayed by said display control means
on display means so as to create groups
(401-404) of graphs; and means (19) for aver-
aging measured values of signals of arespective
group created by said selecting means, and
means for displaying on said display means the
average data (501-504) of the respective group
averaged by said averaging means.

An apparatus according to claim 1, further compris-
ing means (405) for displaying each group of graphs
classified by said selecting means so as to be dis-
tinguishable from other groups of graphs.

An apparatus according to claim 1, comprising
means for displaying only one particular group
among the plurality of groups selected and classified
by said selecting means.

An apparatus according to claim 1, wherein said av-
eraging means (19) includes means for converting
the calculated average values into data of graphs to
be displayed on said display means.

An apparatus according to claim 4, comprising
means (19) for calculating a correlation between
standard data representing characteristics of one
group selected above and the data calculated by said
averaging means, and means for displaying values
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(601-604) representing the calculated correlation in
the vicinity of the displayed graphs.

An apparatus according to claim 5, comprising
means (18) for storing the standard data represent-
ing characteristics of one group selected above, and
means for reading out the stored standard data.

An apparatus according to claim 5, comprising
means (20) forinputting the standard data represent-
ing characteristics of one group selected above.

An apparatus according to claim 7, wherein said
standard data input means includes an operation de-
vice for inputting on a screen of said display means
a plurality of coordinate points on a coordinate sys-
tem having two axes indicating signal intensity and
time, means for calculating by interpolation process-
ing the coordinate points located in a plane between
the respective coordinate points input by this oper-
ation device, and means for generating a correlation
standard graph from the input coordinate points and
the coordinate points calculated by the interpolation
processing

An apparatus according to claim 8, wherein said
standard data input means includes means for con-
verting signal intensity and time of the coordinate
points input by said operation device into numerical
values, and displaying the numerical values in the
form of a chart.

An apparatus according to claim 4, comprising
means for calculating a difference value between an
average value of measured values in the period in
which the load is applied to the living body and an
average value of measured values in the period in
which the load is not applied to the living body, and
means for displaying the difference value calculated
by this difference value calculating means in the vi-
cinity of each graph displayed above.

An apparatus according to claim 1, wherein:

said light transmitting means comprises a plu-
rality of light-transmitters to be discretely ar-
ranged on the head of a living body for transmit-
ting light;

said light detecting means comprises a plurality
of light detectors to be discretely arranged on
the head of the living body alternately with said
light transmitting means, for detecting light
which has been transmitted by said light-trans-
mitters and has passed through the living body;
through the living body;

said load applying means is adapted for applying
stimulation to which the living body responds
when applied; and
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18
said calculating means (12, 17, 19) comprise:

preliminary measurement means for per-
forming preliminary measurement in a state
where aload is not applied to the living body
so as to measure a standard signal;

actual measurement means for performing
actual measurement having rest periods in
which a load is not applied to the living body
and a loading period in which a load is ap-
plied to the living body by said load applying
means, and measuring signals represent-
ing an intensity change of the transillumina-
tion detected by said light detecting means;
and

means for calculating relative variations of
the measured signals in the actual meas-
urement with respect to the standard signal
by comparing the above-calculated signals
and the standard signal.

An apparatus according to claim 11, wherein said
light light-transmitters and said light detectors are
adapted to be arranged corresponding to brain func-
tion areas of the living body.

An apparatus according to claim 11, wherein said
preliminary measurement means is adapted to re-
peatedly measure signals a plural number of times
with a predetermined period in a state where the liv-
ing body is keptin bed, to calculate the average value
thereof, and to store this average value in storing
means as a standard value.

An apparatus according to claim 11, wherein said
actual measurement means is adapted to sequen-
tially execute measurement in the rest period and
measurement in the loading period a plural number
of times, to average measured signals at each meas-
uring period along elapsed time, and to store thus
calculated average values as measured values.

An apparatus according to claim 1, wherein:

said converting means (19) is adapted for con-
verting time variations of intensity of the transil-
lumination detected by said light detecting
means (11) when brain functions of the living
body are activated into time variations of hemo-
globin concentration, and generating graph data
of the time variations of hemoglobin concentra-
tion.

Patentanspriiche

1.

Optische MeRvorrichtung fir einen lebenden Kor-
per, aufweisend:
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eine Lichtaussendeeinrichtung (1) zum Aussen-
den von Licht an mehrere Orte in einem zu un-
tersuchenden Bereich innerhalb eines lebenden
Korpers,

eine Lichterfassungseinrichtung (11) zum Er-
fassen von Licht, das von der Lichtaussende-
einrichtung ausgesandt wurde und an mehreren
Orten in dem zu untersuchenden Bereich durch
den lebenden Korper hindurchgetreten ist,
eine Belastungseinrichtung zum Anlegen einer
Lastandenlebenden Kérper, aufdie dieser rea-
giert,

eine Einrichtung (12, 17) zum Berechnen von
Signalen, die eine Intensitatsdnderung der
Durchleuchtung darstellen, die von der Lichter-
fassungseinrichtung an MeRpunkten, die auf-
grund einer Ortsbeziehung zwischen der Licht-
aussendeeinrichtung und der Lichterfassungs-
einrichtung bestimmt sind, wahrend einer Zeit-
spanne, in der die Last an den lebenden Kérper
angelegt wird, und Zeitspannen, in denen die
Last nicht angelegt wird, erfaf3t wird,

eine Einrichtung (19) zum Berechnen zeitlicher
Anderungen mindestens eines von zwei wie
oben an den MeRpunkten berechneten Signa-
len,

eine Einrichtung (19) zum Umwandeln der zeit-
lichen Anderungen des Lichtsignals an jedem
MeRpunkt in zeitliche Anderungen der Haemo-
globinkonzentration,

eine Anzeigesteuereinrichtung (19, 20) zum An-
zeigen von Graphen der wie oben berechneten
zeitlichen Anderungen der Haemoglobinkon-
zentration entsprechend der Ortsbeziehung
zwischen der jeweiligen Lichtaussendeeinrich-
tung und Lichterfassungseinrichtung,

eine Einrichtung (19, 405) zum Auswahlen und
Klassifizieren von Graphen, die von der Anzei-
gesteuereinrichtung auf einer Anzeigeeinrich-
tung angezeigt werden, um Gruppen (401 bis
404) von Graphen zu bilden, und

eine Einrichtung (19) zum Mitteln von MeRwer-
ten von Signalen einer entsprechenden von der
Auswahleinrichtung gebildeten Gruppe und ei-
ne Einrichtung zum Anzeigen der gemittelten
Daten (501 bis 504) der entsprechenden Grup-
pe, die von der Mittelungseinrichtung gemittelt
wurden, auf der Anzeigeeinrichtung.

Vorrichtung nach Anspruch 1 mit einer Einrichtung
(405) zum Anzeigen einer jeweiligen Gruppe von
Graphen, die von der Auswahleinrichtung klassifi-
ziert wurden, so daf sie von anderen Gruppen von
Graphen unterscheidbar ist.

Vorrichtung nach Anspruch 1 mit einer Einrichtung
zum Anzeigen lediglich einer bestimmten Gruppe
unter den von der Auswahleinrichtung ausgewahlten
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und klassifizierten Gruppen.

Vorrichtung nach Anspruch 1, wobei die Mittelungs-
einrichtung (19) eine Einrichtung zum Umwandeln
der berechneten Mittelwerte in Daten von Graphen
zur Anzeige auf der Anzeigeeinrichtung aufweist.

Vorrichtung nach Anspruch 4 mit einer Einrichtung
(19) zum Berechnen einer Korrelation zwischen
Standarddaten, die Charakteristiken einer wie oben
ausgewahlten Gruppe darstellen, und den von der
Mittelungseinrichtung berechneten Daten und einer
Einrichtung zum Anzeigen von Werten (601 bis 604),
die die berechnete Korrelation darstellen, in der Ge-
gend der angezeigten Graphen.

Vorrichtung nach Anspruch 5 mit einer Einrichtung
(18) zum Speichern der Standarddaten, die Charak-
teristiken einer wie oben ausgewahlten Gruppe dar-
stellen, und einer Einrichtung zum Auslesen der ge-
speicherten Standarddaten.

Vorrichtung nach Anspruch 5 mit einer Einrichtung
(20) zum Eingeben der Standarddaten, die Charak-
teristiken einer wie oben ausgewahlten Gruppe dar-
stellen.

Vorrichtung nach Anspruch 7, wobei die Standard-
daten-Eingabeeinrichtung eine Bedienungsvorrich-
tung, um auf einem Schirm der Anzeigeeinrichtung
mehrere Koordinatenpunkte auf einem Koordinaten-
system mit zwei Achsen, die die Signalintensitat und
die Zeit angeben, einzugeben, eine Einrichtung zum
Berechnen der Koordinatenpunkte, die in einer Ebe-
ne zwischen den entsprechenden von der Bedie-
nungsvorrichtung eingegebenen Koordinatenpunk-
ten liegen, durch Interpolation und eine Einrichtung
zum Erzeugen eines Korrelations-Standardgraphen
aus den eingegebenen Koordinatenpunkten und
den durch Interpolation berechneten Koordinaten-
punkten aufweist.

Vorrichtung nach Anspruch 8, wobei die Standard-
daten-Eingabeeinrichtung eine Einrichtung zum
Umwandeln der Signalintensitét und Zeit der von der
Bedienungsvorrichtung eingegebenen Koordina-
tenpunkte in numerische Werte und zum Anzeigen
der numerischen Werte in Form einer Kurve auf-
weist.

Vorrichtung nach Anspruch 4 mit einer Einrichtung
zum Berechnen des Differenzwerts zwischen einem
Mittelwert gemessener Werte in der Zeitspanne, in
der die Last an den lebenden Kdrper angelegt wird,
und einem Mittelwert gemessener Werte in der Zeit-
spanne, inder die Last nicht an den lebenden Kérper
angelegt wird, und einer Einrichtung zum Anzeigen
des von der Differenz-Berechnungseinrichtung be-
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rechneten Differenzwerts in der Gegend jedes wie
oben angezeigten Graphen.

Vorrichtung nach Anspruch 1, wobei

die Lichtaussendeeinrichtung mehrere Lichtab-
strahler aufweist, die auf dem Kopf eines lebenden
Korpers an diskreten Stellen anzuordnen sind, um
Licht abzustrahlen,

die Lichterfassungseinrichtung mehrere Lichtdetek-
toren aufweist, die auf dem Kopf des lebenden Kor-
pers an diskreten Stellen abwechselnd zur Lichtaus-
sendeeinrichtung anzuordnen sind, um Licht zu er-
fassen, das von den Lichtabstrahlern abgestrahlt
wurde und durch den lebenden Kérper hindurchge-
treten ist,

die Belastungseinrichtung eingerichtet ist, eine Sti-
mulation anzulegen, auf deren Anlegen der lebende
Kérper reagiert, und

die Berechnungseinrichtung (12, 17, 19) folgendes
umfaft:

eine VormeReinrichtung zum Durchfiihren einer
Vormessung in einem Zustand, in dem die Last
nicht an den lebenden Kérper angelegt ist, um
ein Standardsignal zu messen,

eine eigentliche MeReinrichtung zum Durchfiih-
ren einer eigentlichen Messung mit Ruhezeit-
spannen, in denen keine Last an den lebenden
Kdrper angelegt wird, und einer Belastungszeit-
spanne, in der von der Belastungseinrichtung
eine Lastan denlebenden Kérperangelegtwird,
und zum Messen von Signalen, die eine Inten-
sitdtsdnderung des von der Lichterfassungsein-
richtung erfaBten Durchleuchtens darstellen,
und

eine Einrichtung zum Berechnen relativer Ver-
anderungen der gemessenen Signale durch
Vergleichen der wie oben berechneten Signale
und des Standardsignals.

Vorrichtung nach Anspruch 11, wobei die Lichtab-
strahler und die Lichtdetektoren in Entsprechung zu
hirnfunktionalen Bereichen des lebenden Koérpers
angeordnet sind.

Vorrichtung nach Anspruch 11, wobei die
VormeReinrichtung eingerichtet ist, Signale mehr-
fach wiederholt mit einer vorbestimmten Zeitspanne
in einem Zustand zu messen, in dem sich der leben-
de Korper im Bett befindet, den Mittelwert daraus zu
berechnen und diesen Mittelwert als Standardwert
in einer Speichereinrichtung zu speichern.

Vorrichtung nach Anspruch 11, wobei die eigentliche
MeReinrichtung eingerichtet ist, gemessene Signale
an jedem MefRpunkt entlang dem Zeitablauf zu mit-
teln und die so berechneten Mittelwerte als MeRwer-
te zu speichern.
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15. Vorrichtung nach Anspruch 1, wobei

die Umwandlungseinrichtung (19) eingerichtet ist,
zeitliche Veranderungen der Intensitat der Durch-
leuchtung, die von der Lichterfassungseinrichtung
(11) bei Aktivierung von Hirnfunktionen des leben-
den Kérpers erfalkt werden, in zeitliche Anderungen
der Haemoglobinkonzentration umzuwandeln und
Graphdaten der zeitlichen Anderungen der Haemo-
globinkonzentration zu erzeugen.

Revendications

Appareil de mesure optique pour corps vivant
comprenant :

un moyen émettant de la lumiéere (1) pour trans-
mettre de la lumiére a une pluralité de positions
dans une zone d’examen d’un corps vivant ;
un moyen détectant lalumiére (11) pour détecter
la lumiére qui a été émise par ledit moyen émet-
tantde la lumiére et qui a traversé le corps vivant
en une pluralité de positions dans la zone
d’examen ;

un moyen appliquant une charge pour appliquer
au corps vivant une charge a laquelle le corps
vivant répond ;

un moyen (12, 17) pour calculer des signaux
représentant un changement d’intensité de la
transillumination détectée par ledit moyen dé-
tectant la lumiére en des points de mesure dé-
terminés d’aprés la relation de position entre le-
dit moyen émettant de la lumiére et ledit moyen
détectant la lumiere, au cours d’'une période
pendant laquelle la charge est appliquée au
corps vivant et de périodes pendant lesquelles
la charge n’est pas appliquée ;

un moyen (19) pour calculer les variations tem-
porelles d’au moins un signal parmi deux si-
gnaux calculés précédemment auxdits points de
mesure ;

un moyen (19) pour convertir les variations tem-
porelles d’un signal de lumiére a chaque point
de mesure en des variations temporelles de la
concentration en hémoglobine ;

un moyen de commande d’affichage (19, 20)
pour afficher des courbes des variations tempo-
relles de la concentration en hémoglobine cal-
culées ci-dessus en correspondance avecla po-
sition de relation entre chacun desdits moyen
émettant de la lumiére et moyen détectant la
lumiére ;

un moyen (19, 405) pour sélectionner et classer
les courbes affichées par ledit moyen de com-
mande d’affichage sur un moyen d’affichage
afin de créer des groupes (401-404) de
courbes ; et

un moyen (19) pour faire la moyenne des va-
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leurs mesurées de signaux d’'un groupe respec-
tif créé par leditmoyen de sélection, et un moyen
pour afficher surledit moyen d’affichage les don-
nées moyennes (501-504) du groupe respectif
dont la moyenne a été calculée par ledit moyen
de moyenne.

Appareil selon la revendication 1, comprenant en
outre un moyen (405) pour afficher chaque groupe
de courbes classé par ledit moyen de sélection de
fagon a ce qu'il puisse étre distingué des autres grou-
pes de courbes.

Appareil selon la revendication 1, comprenant un
moyen pour afficher seulement un groupe particulier
parmi la pluralité de groupes sélectionnés et classés
par ledit moyen de sélection.

Appareil selon la revendication 1, dans lequel ledit
moyen de moyenne (19) comprend un moyen pour
convertir les valeurs moyennes calculées en don-
nées de courbes a afficher sur ledit moyen d’afficha-

ge.

Appareil selon la revendication 4, comprenant un
moyen (19) pour calculer une corrélation entre des
données standard représentant les caractéristiques
d’'un groupe sélectionné ci-dessus et les données
calculées par ledit moyen de moyenne, et un moyen
pour afficher des valeurs (601-604) représentant la
corrélation calculée au voisinage des courbes affi-
chées.

Appareil selon la revendication 5, comprenant un
moyen (18) pour mémoriser les données standard
représentant les caractéristiques d’'un groupe sélec-
tionné ci-dessus, et un moyen pour lire les données
standard mémorisées.

Appareil selon la revendication 5, comprenant un
moyen (20) pour saisir les données standard repré-
sentant les caractéristiques d’un groupe sélectionné
ci-dessus.

Appareil selon la revendication 7, dans lequel ledit
moyen de saisie de données standard comprend un
dispositif d’'opération pour saisir sur un écran dudit
moyen d’affichage une pluralité de points de coor-
données surun systeme de coordonnées ayant deux
axes indiquant l'intensité d’un signal et le temps, un
moyen pour calculer par un traitement par interpo-
lation les points de coordonnées situés dans un plan
entre les points de coordonnées respectifs saisis par
le dispositif d’opération, et un moyen pour générer
une courbe standard de corrélation a partir des
points de coordonnées saisis et des points de coor-
données calculés par le traitement d’interpolation.
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Appareil selon la revendication 8, dans lequel ledit
moyen de saisie de données standard comprend un
moyen pour convertir I'intensité de signal et le temps
des points de coordonnées saisis par le dispositif
d’opération en valeurs numériques, et afficher les
valeurs numériques sous la forme d’un tableau.

10. Appareil selon la revendication 4, comprenant un

moyen pour calculer une valeur de différence entre
une valeur moyenne de valeurs mesurées dans la
période pendant laquelle la charge est appliquée au
corps vivant et une valeur moyenne de valeurs me-
surées dans la période pendant laquelle la charge
n'est pas appliquée au corps vivant, et un moyen
pour afficher la valeur de différence calculée par ce
moyen de calcul de valeur de différence au voisinage
de chaque courbe affichée ci-dessus.

11. Appareil selon la revendication 1, dans lequel :

ledit moyen émettant de la lumiére comprend
une pluralité d’émetteurs de lumiére a placer de
fagon discréte sur la téte d'un corps vivant pour
émettre de la lumiere ;

ledit moyen détectant la lumiere comprend une
pluralité de détecteurs de lumiére a placer de
fagon discréte sur la téte du corps vivant de ma-
niére alternée avec ledit moyen émettant de la
lumiéere, pour détecter la lumiére qui a été émise
parlesdits émetteurs de lumiére et qui atraversé
le corps vivant ;

ledit moyen appliquant une charge est adapté
pour appliquer une stimulation a laquelle le
corps vivantrépond lorsqu’elle est appliquée ; et
ledit moyen de calcul (12, 17, 19) comprend :

un moyen de mesure préliminaire pour ef-
fectuer une mesure préliminaire dans un
état ou aucune charge n’est appliquée au
corps vivant afin de mesurer un signal
standard ;

un moyen de mesure actuelle pour effectuer
une mesure actuelle comportant des pério-
des de repos pendant lesquelles aucune
charge n’est appliquée au corps vivant et
une période de chargement pendantlaquel-
le une charge est appliquée au corps vivant
par ledit moyen d’application de charge, et
mesurer des sighaux représentant un chan-
gement d’intensité de la transillumination
détectée par ledit moyen détectant la
lumiére ; et

un moyen pour calculer des variations rela-
tives des signaux mesurés dans la mesure
actuelle par rapport au signal standard en
comparant les signaux calculés ci-dessus
et le signal standard.



12.

13.

14.

15.

25 EP 1 327 418 B1

Appareil selon la revendication 11, dans lequel les-
dits émetteurs de lumiéere et lesdits détecteurs de
lumiére sont adaptés pour étre disposés en corres-
pondance avec des zones de fonctions cérébrales
du corps vivant.

Appareil selon la revendication 11, dans lequel ledit
moyen de mesure préliminaire est adapté pour me-
surer de fagon répétée des signaux plusieurs fois
avec une période prédéterminée dans un état dans
lequel le corps vivant est maintenu au lit, pour cal-
culer leur valeur moyenne, et pour mémoriser cette
valeur moyenne dans un moyen de stockage en tant
que valeur standard.

Appareil selon la revendication 11, dans lequel ledit
moyen de mesure actuelle est adapté pour exécuter
de fagon séquentielle une mesure dans la période
de repos et une mesure dans période de charge-
ment, plusieurs fois, pour calculer la moyenne des
signaux mesurés a chaque période de mesure avec
le temps écoulé, et pour mémoriser les valeurs
moyennes ainsi calculées en tant que valeurs me-
surées.

Appareil selon la revendication 1, dans lequel ledit
moyen de conversion (19) est adapté pour convertir
les variations temporelles d’intensité de la transillu-
mination détectée par ledit moyen détectant la lu-
miére (11) lorsque les fonctions cérébrales du corps
vivant sont activées en des variations temporelles
de la concentration en hémoglobine, et pour générer
des données de courbe des variations temporelles
de la concentration en hémoglobine.
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FIG.2
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