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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a method for
optically measuring the concentration of a specific com-
ponent in a living body such as blood sugar level, water
or cholesterol by measuring light reflected from the living
body and a measuring device using it.

[0002] Hitherto, various methods for measuring a sam-
ple, a specific component in a living body in particular,
with the use of an optical measuring device have been
proposed, one of which is a method for measuring blood
sugar level by bringing a transparent attenuated total re-
flectance (ATR) element having a pair of reflecting
planes, which are arranged in parallel and facing each
other, into contact with top and bottom lips (see Japanese
Laid-Open Patent Publications Nos. Hei 9-113439 and
Hei 11-178799).

[0003] To be more precise, according to the above
method, light is introduced into an ATR element made of
zinc selenide, silicon, germanium or the like being held
in the mouth and pressed against the top and bottom lips.
The incident light undergoes repeated total internal re-
flection between the reflecting planes of the ATR ele-
ment, each reflecting plane being located at the interface
between the lip and the ATR element, and then the light
exits the ATR element. Analyzing this exiting light pro-
vides information concerning the concentration of a com-
ponent contained in the lips.

[0004] Anotherproposed methodistointroduce alaser
beam with a wavelength of 9 to 11 micrometers into an
ATR element made of ZnSe optical crystal, which is
closely adhered to a mucous membrane of the lips, so
as to have multiple reflection inside the ATR element. In
this method, attenuated total internal reflection light, scat-
tered reflected light or the like after the multiple reflection
is analyzed to determine the blood sugar level or the con-
centration of ethanol in the blood.

[0005] Document WO 98/01071 discloses an implant-
able sensor for in vivo measurement and corresponding
method comprising the steps disclosed in the preambule
of claim 1.

[0006] These above methods realize realtime meas-
urement of the concentration of a specific component
such as glucose or cholesterol in a noninvasive manner.
In these methods, evanescent wave (so-called penetrat-
ing wave) is applied to a quantitative analysis.

[0007] As described above, by measuring light reflect-
ed from a living body, it is possible to acquire information
concerning the concentration of a component contained
in a body fluid. This method, however, is accompanied
by a problem that a fluid present at the interface between
the optical element and a living body influences the ac-
curacy of the measurement. It should be noted that the
term "information concerning the concentration" includes
a concentration itself and an absolute value of concen-
tration as well as a change in concentration with time and
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the like.

[0008] A conventional optical measuring device using
such method as described above also has the following
problem. Light traveling through an ATR element slightly
invades the lips when the light undergoes repeated total
internal reflection between the reflecting planes of the
ATR element, each reflecting plane being located at the
interface between the lip and the ATR element, during
which the light is affected by a component contained in
a body fluid present at the interface.

[0009] Glucose, for example, has an absorption peak
at a wavelength of around 1033 cm™! and 1080 cm-'.
Accordingly, if light having the above wavelength is ap-
plied to a living body, the amount of light absorbed will
differ according to the concentration of glucose in the
living body.

[0010] More specifically, in the case of measuring the
concentration information of a component in the lips of a
living body using an optical element, if a fluid such as
saliva is present between the optical element and the
lips, the amount of the light reaching the lips will differ
according to the thickness of the fluid layer. As a result,
the amount of signal to be detected based on the amount
of the light varies significantly, giving varying measure-
ment results. Therefore, stable measurement results
cannot be obtained.

[0011] In the above example, if the concentration in-
formation is determined based only on absorption peak
values of glucose, erroneous concentration information
might be obtained. For example, alow absorbance might
be obtained due to a thick saliva layer although, in fact,
the living body has a high concentration of glucose. Con-
versely, a high absorbance might be obtained due to a
thin saliva layer although, in fact, the living body has a
low concentration of glucose.

[0012] Further, a similar problem also occurs when a
plurality of living bodies are subjected to the measure-
ment because the amount of the signal varies significant-
ly due to differences in refractive index among individu-
als.

[0013] Furthermore, a similar problem also occurs
when the measurement is taken at a body part other than
the lips. This is because, if a body fluid such as sweat is
present between the measuring part and an optical de-
vice, the amount of light reaching the measuring part will
differ according to the thickness of the fluid layer, giving
varying measurement results.

[0014] Inthe ATR technique, the depth to which eva-
nescent wave penetrates into a measuring object is usu-
ally in an order of wavelength. The light penetrates a
surface tissue layer extending from the surface of the
measuring object to a wavelength order and then returns.
The depth of the evanescent wave penetration is deter-
mined by a refractive index of the living body and an
incident angle of the light entering the optical element.
[0015] Inthe case where a fluid is present between the
measuring object and the optical element, a change in
the thickness of the fluid present therebetween affects
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the depth of the evanescent wave penetrating into the
measuring object. Likewise, the penetration depth is af-
fected also in the case where a plurality of measuring
objects are used for the measurement, because the
measuring objects have a different refractive index.
Therefore, the above problems are especially obvious in
optically measuring devices that utilize an ATR element.
[0016] Even in a method using transmitted light, in-
stead of evanescent wave, a fluid exists at the interface
between a living body and an optical element. Accord-
ingly, similar to the above, a change in the thickness of
the fluid layer affects the wavenumber signal information.
[0017] As explained above, conventional measuring
methods have a problem that a change in the state of
the interface between a living body and the optical ele-
ment affects the wavenumber signal information. In view
ofthe above problems, the object of the presentinvention
is to provide a method and a device for achieving easy
and stable measurement for the concentration of a spe-
cific component contained in a living body even when a
fluid such as water, saliva or sweat is present between
an optical element and a living body or when the meas-
urement is taken at a plurality of measuring parts of a
living body.

SUMMARY OF THE INVENTION

[0018] Theinvention is as defined in the appended set
of claims.

[0019] In order to solve the above problems, the
present invention provides a method for measuring the
concentration of a specific component contained in a liv-
ing body comprising the steps of: (1) introducing lightinto
an optical element, which is absorbed and reflected by
a living body in contact with the optical element and then
emitted from the optical element; (2) detecting the light
emitted from the optical element and obtaining a wave-
number signal from the detected light; (3) correcting the
wavenumber signal with the use of a calibration line for
correcting the influence of a change in the state of an
interface between the living body and the optical element
on the wavenumber signal; and (4) obtaining a concen-
tration of a specific component contained in the living
body from the corrected wavenumber signal.

[0020] The presentinvention further provides a meas-
uring device for carrying out the above measuring meth-
od. The measuring device comprises (a) an optical ele-
ment to be brought into contact with a living body, (b) a
light source for introducing light into the optical element,
(c) alight detecting means for detecting the light emitted
from the optical element, (d) a signal processing means
for processing a wavenumber signal obtained in the light
detecting means to correct the wavenumber signal with
the use of one or more calibration line(s).

[0021] According tothe presentinvention, itis possible
to achieve easy and stable measurement of the concen-
tration of a specific component contained in a living body,
even when a fluid such as water, saliva or sweat is
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present between an optical element and a living body or
when the measurement is taken at a plurality of meas-
uring parts of a living body.

[0022] The present invention relates to a method for
measuring the concentration of a specific component
contained in a living body comprising the steps of: (1)
introducing light into an optical element, which is ab-
sorbed and reflected by a living body in contact with the
optical element and then emitted from the optical ele-
ment; (2) detecting the light emitted from the optical el-
ement and obtaining a wavenumber signal from the de-
tected light; (3) correcting the wavenumber signal with
the use of a calibration line for correcting the influence
of a change in the state of an interface between the living
body and the optical element on the wavenumber signal;
and (4) obtaining a concentration of a specific component
contained in the living body from the corrected wavenum-
ber signal.

[0023] In the present invention, the calibration curve
is created in advance by the steps of: (3a) obtaining "i"
different spectrums corresponding to "i" different states
of the interface, where the "i" is an integer from 2 to n,
and (3b) plotting "i" different points in a coordinate system
and connecting the points, each of the "i" different points
being determined from "j" different wavenumber signals
corresponding to "j" different wavenumbers in each of
the "i" different spectrums, where the "j" is an integer from
2 to n. Then, a wavenumber signal obtained from the
detected light in the actual measurement s corrected us-
ing the calibration line.

[0024] Itis preferred that the step (3a) is a step of ob-
taining a first spectrum and a second spectrum corre-
sponding to two different states of the interface and the
step (3b) is a step of plotting two points (x1, y1) and (x2,
y2) in a coordinate system and connecting the two points
to obtain a calibration line, one of the two points (x1, y1)
being determined by two different wavenumber signals
corresponding to two different wavenumbers in the first
spectrum and the other of the two points (x2, y2) being
determined by two different wavenumber signals corre-
sponding to two different wavenumbers in the second
spectrum.

[0025] Advantageously, the step (3) further comprises
steps of: preparing a second calibration line having the
same inclination as the calibration line and passing
through a point, which is determined by wavenumber sig-
nals obtained from the detected light at a plurality of dif-
ferent wavenumbers; and converting the wavenumber
signal in the step (2) into a corrected wavenumber signal
based on the second calibration line and a temporary
condition.

[0026] Further, in the presentinvention, the calibration
line is created in advance by the steps of: (3A) obtaining
"i" different spectrums corresponding to "i" different
states of the interface, where the "i" is an integer from 2
to n, while the optical element is in contact with the living
body; and (3B) plotting "i" different points in a coordinate
system and connecting the points, each of the "i" different
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points being determined from "j" different wavenumber
signals corresponding to "j" different wavenumbers in
each of the "i" different spectrums, where the "j" is an
integer from 2 to n. Then, a wavenumber signal obtained
from the detected light in the actual measurement is cor-
rected using the calibration line.

[0027] Itis preferred that the step (3A) is a step of ob-
taining a first spectrum and a second spectrum and the
step (3B) is a step of plotting two points (x1, y1) and (x2,
y2) in a coordinate system and connecting the two points
to obtain a calibration line, one of the two points (x1, y1)
being determined by two different wavenumber signals
corresponding to two different wavenumbers in the first
spectrum and the other of the two points (x2, y2) being
determined by two different wavenumber signals corre-
sponding to two different wavenumbers in the second
spectrum.

[0028] In this case also, it is advantageous that the
step (3) further comprises steps of: preparing a second
calibration line having the same inclination as the cali-
bration line and passing through a point, which is deter-
mined by wavenumber signals obtained from the detect-
ed light at a plurality of different wavenumbers; and con-
verting the wavenumber signal in the step (2) into a cor-
rected wavenumber signal based on the second calibra-
tion line and a temporary condition.

[0029] The change in the state of the interface is pref-
erably a change in the thickness of a fluid layer.

[0030] In the preparation of the calibration line, it is
advantageous to use wavenumber signals at two or more
wavenumbers in the range of 700 to 3200 cm! and a
wavenumber signal at any of the two or more wavenum-
bers as the temporary condition.

[0031] The presentinvention further relates to a meas-
uring device for carrying out the above-described meas-
uring method. The measuring device is a device for
measuring the concentration of a specific component
contained in a living body comprising: (a) an optical ele-
ment to be brought into contact with a living body, (b) a
light source for introducing light into the optical element,
(c) a light detecting means for detecting the light emitted
from the optical element, and (d) a signal processing
means for processing a wavenumber signal obtained in
the light detecting means to correct the wavenumber sig-
nal with the use of one or more calibration line(s).
[0032] The signal processing means advantageously
stores the calibration line(s) as data.

[0033] Itis also advantageous that the signal process-
ing means has a function of calculating the calibration
line(s).

[0034] It is still further advantageous that signal

processing means has functions of preparing a second
calibration line having the same inclination as the cali-
bration line and passing through a point, which is deter-
mined by wavenumber signals obtained from the detect-
ed light at a plurality of different wavenumbers, and con-
verting the wavenumber signal in the step (2) into a cor-
rected wavenumber signal based on the second calibra-
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tion line and a temporary condition.

[0035] The calibrationline is advantageously a calibra-
tion line for correcting the influence of a change in the
thickness of a fluid layer present at the interface between
the living body and the optical element on the wavenum-
ber signal.

[0036] The temporary condition is advantageously a
wavenumber signal at any of the two or more wavenum-
bers in the range of 700 to 3200 cm-! used in the prep-
aration of the calibration line.

[0037] While the novel features of the invention are set
forth particularly in the appended claims, the invention,
both as to organization and content, will be better under-
stood and appreciated, along with other objects and fea-
tures thereof, from the following detailed description tak-
en in conjunction with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWING

[0038]

FIG. 1 is a schematic view of a measuring device
according to one embodiment of the present inven-
tion.

FIG. 2is agraph whose axes represent absorbances
in one embodiment of the present invention.

FIG. 3 is a graph used for explaining a process of
making the correction in one embodiment of the
present invention.

FIG. 4 is a graph showing spectrums obtained after
the measurement of a specificcomponentin one em-
bodiment of the present invention.

FIG. 5 is a graph used for explaining a process of
making the correction in another embodiment of the
present invention.

FIG. 6 is a schematic view of a measuring device
according to another embodiment of the present in-
vention.

FIG. 7 is an enlarged cross sectional view illustrating
a state between a measuring object and a measuring
device according to one embodiment of the present
invention.

FIG. 8 is an enlarged cross sectional view illustrating
another state between a measuring object and a
measuring device according to one embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The measuring method and the measuring de-
vice in accordance with the present invention are de-
scribed with reference to the accompanying drawings.
FIGs. 1 and 6 respectively show the structure of the
measuring device according to one embodiment of the
present invention. In these diagrams, light emitted from
a light source is shown by a dotted line. It is to be noted
that the present invention is not limited to the embodi-
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ments.
[0040] The measuring method of the presentinvention
involves the following four steps.

Step (1):

[0041] In the step (1), after an object to be measured
(measuring object) such as a living body is brought into
contact with an optical element, light is introduced into
the optical element to be absorbed into the living body
and reflected, which is then emitted from the optical el-
ement.

[0042] AsseeninFIG. 1, lightintroduced into an ATR-
type optical element 2 from a light source propagates
through the optical element 2 by repeated total internal
reflection. This light penetrates into a medium such as a
living body in contact with the optical element and the
penetration depth is several times longer than the wave-
length of the light. At this time, an appropriate amount of
the penetration wave relative to that of a specific com-
ponent contained in the measuring object 5 of a living
body in close contact with the optical element 2 is ab-
sorbed. Subsequently, the light emits from the optical
element 2.

[0043] In the case of the measuring device shown in
FIG. 6, a measuring object 5 of a living body is brought
into contact with a substantially V-shaped part 13 formed
on the sensing plane of an optical element 12. In this
case, the measuring object 5 is partly deformed to fit into
the substantially V-shaped part 13. Light introduced into
a transmitted light-type optical element 12 from a light
source 1 propagates through the optical element 12, dur-
ing which the light is absorbed into the measuring object
5 and reflected. At this time, an appropriate amount of
this light relative to that of a specific component contained
in the measuring object 5 is absorbed. Subsequently, the
light emits from the optical element 12.

Step (2):

[0044] Inthe step (2), the light emitted from the optical
element 2 or 12 is detected by a light detecting means
3, and awavenumber signalis obtained from the detected
light. The wavenumber signal includes an absorbance
for a wavenumber, a transmittance and the like.

Step (3):

[0045] In the subsequent step (3), the wavenumber
signal obtained from the detected light is corrected using
a calibration line.

[0046] The calibration line is an inclined line based on
varying information of the wavenumber signal. To be
more precise, the calibration line means data used for
correcting the influence of a state change of the interface
between the measuring object 5 and the optical element
2 or 12 on the wavenumber signal obtained from the de-
tected light.

10

15

20

25

30

35

40

45

50

55

[0047] The calibration line can be created by the steps

of: (3a) obtaining "i" different spectrums corresponding
to "i" different states of the interface, where the "i" is an
integer from 2 to n; and (3b) plotting "i" different points
in a coordinate system and connecting the points, each
of the "i" different points being determined from "j" differ-
ent wavenumber signals corresponding to "j" different
wavenumbers in each of the "i" different spectrums,
where the "j" is an integer from 2 to n.

[0048] Afluid such as water, saliva or sweat or air may
be present on the interface. The steps (3a) and (3b) are
described with a representative case where the measur-
ing object 5 is the lips, the specific component is glucose
and a fluid layer of saliva is present at the interface be-
tween the optical element 2 or 12 and the lips.

[0049] A calibration line K (i.e. inclined line based on
a change of the saliva layer) to be used for correcting the
influence of the saliva layer being present between the
optical element 2 or 12 and the lips on the wavenumber
signal obtained from the detected light is first prepared.
It is assumed two different states of the interface are the
case where the saliva layer has a thickness of 0.01 pm
and the case where the saliva layer has a thickness of 1
pm. FIG. 2 shows a calibration line (absorbance at a
wavenumber of 2100 cm-1 on the horizontal axis and ab-
sorbance at a wavenumber of 1080 cm-! on the vertical
axis for a certain glucose concentration) prepared as-
suming two different cases where the saliva layer has a
thickness of 0.01 pm and where the saliva layer has a
thickness of 1 pm. The calibration line indicates that the
absorbances at an absorption peak of 1080 cm-! differ
according to the thickness of the saliva layer even when
the same concentration of glucose is used.

[0050] In the step (3a), optical information such as a
refractive index of the lip as the measuring object 5 of a
living body, a refractive index of the optical element 2 or
12, an incident angle of the light entering the optical el-
ement2or 12 and aninternal reflection angle is first spec-
ified. Then, a glucose concentration is predetermined,
and spectrums in the case of the thickness of the saliva
layer being 0.01 wm and the case of the thickness of the
saliva layer being 1 um are determined by calculation.
[0051] The requirements for calculating the spectrum
should be the same as those used for the actual meas-
urement. The "requirements" herein means a refractive
index of the lip, a refractive index of the optical element
2 or 12 used, an incident angle of the light entering the
optical element 2 or 12 and the like. In FIG. 2, the glucose
concentration is predetermined such that the concentra-
tion is corresponded to 80 mg/dl of blood sugar level.
[0052] In the subsequent step (3b), the absorbance at
a wavenumber of 2100 cm-! is represented by x1 and
the absorbance at a wavenumber of 1080 cm-" is repre-
sented by y1 in the spectrum in the case of the thickness
of the saliva layer being 0.01 wm. At a wavenumber of
2100 cm™', the spectrum shape is greatly affected by the
influence of water. At a wavenumber of 1080 cm™1, one
of the absorption peaks of glucose appears.
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[0053] Likewise, in the spectrum in the case of the
thickness of the saliva layer being 1 um, the absorbance
at a wavenumber of 2100 cm™" is represented by x2 and
the absorbance at a wavenumber of 1080 cm-1 is repre-
sented by y2.

[0054] The two points (x1, y1) and (x2, y2) obtained
from the above are plotted in a coordinate system (x-y
plane) whose horizontal axis describes absorbance at a
wavenumber of 2100 cm! and whose vertical axis de-
scribes absorbance at a wavenumber of 1080 cm-1. Sub-
sequently, the two points are connected by a straight line
to create a calibration line K.

[0055] In the above example, the calibration line was
created from the calculation of spectrums in the case of
the thickness of the saliva layer being 0.01 wm and the
case of the thickness of the saliva layer being 1 p.m. How-
ever, it is also possible that a spectrum is obtained as-
suming three or more different states of the interface (i.e.
saliva layer), and three or more points obtained from the
spectrum are connected by a straight line to create a
calibration line.

[0056] Moreover, in the above example, a pair of ab-
sorbances at two different wavenumbers obtained from
each spectrum was used as a point for plotting. However,
it is also possible that absorbances at three or more dif-
ferent wavenumbers obtained from each spectrum are
determined, and coordinates of the three or more absorb-
ances are obtained and used as a point for plotting in a
three or more dimensional coordinate system to create
a calibration line.

[0057] On the whole, a certain material has a specific
absorption pattern in the mid-infrared region, and the re-
gion in which such absorption peak appears is generally
called "fingerprint region". An example thereof is a range
of around 650 to 1800 cm-.

[0058] Glucose has a lot of large and small absorption
peaks in the wavenumber region of 700 to 3200 cm-1.
Particularly, absorption peaks in the region of 950 to 1550
cm1, which is a finger print region, are mostly used for
measuring the concentration of glucose.

[0059] When a specimen containing various compo-
nents such as a living body is used for the measurement,
in the finger print region, water affects the absorption
peak and other components also affect the absorption
peak. Accordingly, the utilization of a wavenumber in that
region to correct the influence of water is not preferred
because the influence of other components cannot be
excluded.

[0060] The absorption peak of water appears in the
wavenumber region of 1700 to 3000 cm-'. It is therefore
preferred to use, for the correction, the range of 1700 to
3000 cm-! where the influence of water is very strong,
instead of the finger print region. In other words, in the
step (3b), it is preferred to use absorbances at least in
the wavenumber region of 950 to 1550 cm™! and the re-
gion of 1700 to 3000 cm-! for the measurement.

[0061] As the refractive index of the measuring object
of a living body used for the calculation of the spectrum,
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a known value may be used or the refractive index may
be measured. For example, the refractive index can be
determined by the inverse calculation based on the re-
sults obtained by measuring the abosorbance of the
measuring object of a living body under both P and S-
polarized lights. Alternatively, the refractive index can be
determined by the inverse calculation based on the re-
sults obtained by measuring the absorbance of the meas-
uring object of a living body at two different incident an-
gles. Other methods such as Kramers-Kronig method,
Drube method and ellipsometry can also be used.
[0062] The process forcorrecting the wavenumber sig-
nal obtained from the detected light with the use of the
calibration line obtained above is described. First, as the
step (3c), a second calibration line having the same in-
clination as the above-described calibration line and
passing through a point (xm, ym,...) represented by wav-
enumber signals measured at "j" different wavenumbers
used for the preparation of the calibration line data is
created.

[0063] Subsequently, as the step (3d), a wavenumber
signal at at least one wavenumber of said "j" different
wavenumbers is designated as a temporary condition.
The wavenumber signal as the temporary condition is
converted into a wavenumber signal at a wavenumber
different from the wavenumber used for the temporary
condition to give a corrected wavenumber signal.
[0064] The wavenumbers of the measured spectrum
to be selected should be the same as those used for the
preparation of the calibration line.

[0065] The point found by plotting the absorbance at
2100 cm! on the horizontal axis and that at 1080 cm"
on the vertical axis in the same manner as the above is
"s1". The second calibration line having the same incli-
nation as the calibration line K and passing through the
point s1 is a calibration line H.

Step (4):

[0066] Finally, in the step (4), information concerning
the concentration is obtained from the corrected wave-
number signal, which is sent to an external device and
outputted.

[0067] The case where the correction is made assum-
ing that the saliva layer has a constant thickness of 0.2
pm is explained. When the correction is made assuming
that the saliva layer has a constant thickness of 0.2 um,
an absorbance at 2100 cm-1 corresponding to that thick-
ness can be calculated in the same manner as in the
above step (3a) to give 0.7. The point on the second
calibration line H corresponding to 0.7 as the temporary
condition is represented by a star-shaped point J. The
absorbance at 1080 cm! corresponding to the star-
shaped point J is represented by R.

[0068] The absorbance at 1080 cm-! (i.e. the absorb-
ance at the absorption peak of glucose) of the measured
data is represented by P. If 0.7 representing the absorb-
ance at 2100 cm-1 is given to the calibration line K rep-
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resenting the change of saliva layer thickness, an ab-
sorbance R (i.e. corrected wavenumber signal) will be
obtained. In other words, the correction based on the
assumption of the saliva thickness being 0.2 um provides
concentration information unaffected by the change of
the saliva layer thickness.

[0069] In the case where the specific component to be
measured is glucose, blood sugar level can be calculated
from the corrected measurements with the use of basic
information for converting a wavenumber signal at the
absorption peak wavenumber of glucose into blood sugar
level.

[0070] The measurementis preferably repeated a plu-
rality of times at one measuring part of a living body. In
the method of the present invention, in order to correct
the measured value, the same temporary condition
should be used in each measurement. Since the actual
measured value is converted into a measured value for
a specific temporary condition, it is possible to obtain
measured values under the same condition of the inter-
face between the measuring object 5 and the optical el-
ement 2 or 12, even if the condition of the interface is
changed in each measurement. Thereby, the range of
variation in the measured values can be reduced, and
stable measurement results can be obtained.

[0071] In the method of the present invention, the re-
fractive index of the measuring object 5 is used for the
calculation of the spectrum. In the case where the meas-
urement is taken at a different measuring part of a living
body, the spectrum can be calculated with the use of a
refractive index for that measuring part. Accordingly, the
method of the present invention is also applicable to the
case where the measurement is taken at a plurality of
measuring parts of a living body.

[0072] When the measurement is taken at a plurality
of measuring parts of a living body, calibration lines cor-
responding to the measuring parts are necessary be-
cause the measured values of all the measuring parts
cannot be corrected using only one calibration line. The
calibration line corresponding to each of the measuring
parts can be created from a spectrum obtained from the
calculation with the use of the conditions including the
refractive index of each of the measuring parts as de-
scribed above. The thus-created calibration line is used
for the correction of the measured value.

[0073] The refractive index of a measuring part used
for the calculation of the spectrum may be a known value
or may be obtained from measurement when the method
of the present invention is carried out.

[0074] As described above, in the method of the
present invention, it is possible to perform the correction
of the measured value even when a plurality of measured
parts of a living body are used for the measurement be-
cause a calibration line corresponding to each of the
measuring parts is used. Accordingly, stable measure-
ment results can be obtained without influence of differ-
ences of the measuring parts used.

[0075] The calibrationline may be created by the steps
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of: (3A) performing measurement "i" times while the op-
tical element is in contact with the living body to obtain
"i" different spectrums corresponding to different
states of the interface, where the "i" is an integer from 2
to n,; and (3B) plotting "i" different points in a coordinate
system and connecting the points, each of the "i" different
points being determined from "j" different wavenumber
signals corresponding to "j" different wavenumbers in
each of the "i" different spectrums, where the "j" is an
integer from 2 to n.

[0076] Inthe step (3A), with one touch of an operation
switch or the like, data immediately after the start of the
measurement and data after a certain period of time are
automatically collected. The "certain period of time" can
be appropriately adjusted. The former data and the latter
data may be collected in a row. Alternatively, a certain
period of time, i.e. several seconds to several minutes,
may be allowed between the collection of the former data
and that of the latter data. What is important in this step
isto successively collect atleast two measured data while
the optical element 2 or 12 is in contact with the meas-
uring object 5.

[0077] Further, in the step (3A), two or more measured
data can be colleted by one operation. A calibration line
having more accurate inclination can be obtained with
more frequent measurement and more data.

[0078] Inthe subsequent step (3B), as seen from FIG.
4, the absorbance at 2100 cm-! is represented by "a1"
and that at 1080 cm-1 is represented by "b1" in the spec-
trum obtained from the first data. Likewise, the absorb-
ance at2100 cm-'is represented by "a2" and that at 1080
cm-lis represented by "b2" in the spectrum obtained from
the second data.

[0079] The thus-obtained two points (a1, b1) and (a2,
b2) are plotted in an x-y plane whose horizontal axis de-
scribes absorbance at 2100 cm-! and whose vertical axis
describes absorbance at 1080 cm-1, as shown in FIG. 5.
A calibration line L can be obtained by connecting the
two points C1 and C2 with a straight line.

[0080] Although, in the above example, the calibration
line was created from two different measured data, it may
be created by first obtaining not less than two spectrums
and then connecting three or more points obtained from
the spectrums. As stated earlier, the calibration line can
also be created by determining absorbances at three or
more different wavenumbers obtained from each of the
spectrums to give the coordinates of the three or more
points, which is then plotted in a three or more dimen-
sional coordinate system.

[0081] In the previously described step (4), when the
specific component to be measured is glucose, blood
sugar level can be calculated from the corrected meas-
urement values with the use of basic information for con-
verting a wavenumber signal at the absorption peak wav-
enumber of glucose into blood sugar level.

[0082] Now, the measuring device for carrying out the
measuring method of the present invention is again ex-
plained with reference to FIG. 1. As shown in FIG. 1 or
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6, the measuring device in accordance with the present
invention comprises a light source 1, an optical element
2 or 12, a light detecting means 3, a signal processing
means 4, a polarizer 6, a spectroscopic means (not
shown in the figures) placed between the light source 1
and the optical element 2. It further comprises a program
for performing the functions of the measuring device and
a recording medium for storing the program.

[0083] The light source 1 can be any light source that
emits light having the same wavenumber as that of the
absorption peak of a specific component to be measured.
Examples thereof include a globar light source which is
a sintered silicon carbide (SiC) rod, a CO, laser and a
tungsten lamp.

[0084] As the materials for the optical elements 2 and
12, any material known in the relevant field can be used.
Examples thereof include Si, Ge, SiC, diamond, ZnSe,
ZnS and KrS.

[0085] In the case of measuring a component having
absorption peaks at the wavenumbers of 1033 and 1080
cm-1in the infrared region, such as glucose, the optical
element is preferably made of germanium or silicon hav-
ing less amount of impurities such as boron and phos-
phorus and a resistivity of not less than 100 Qcm, more
preferably aresistivity of not less than 1500 Qcm because
the germanium and the silicon have a high transmittance
in the infrared wavelength of about 9 to 10 pm.

[0086] As the light detecting means 3, any means
known inthe relevantfield can be used. Examples thereof
include a pyroelectric sensor and an MCT detector.
[0087] The signal processing means 4 may be any de-
vice that can correct a wavenumber signal from light de-
tected at the light detecting means with the use of the
calibration line data. For example, a calculator can be
used as the signal processing means.

[0088] When an object to be measured is previously
specified, the signal processing means 4 may previously
contain or store standard calibration lines determined by
calculation. Alternatively, a standard calibration line may
be created by calculation every time the measurement
is performed.

[0089] In the case of using a plurality of living bodies
or a plurality of measuring parts of a living body for the
measurement, the signal processing means 4 may con-
tain a plurality of standard calibration lines prepared
based on different refractive indices and different optical
angles of the measuring object 5 and the optical element
2 or 12, and select a standard calibration line suitable for
the measuring object and optical element to be used.
[0090] Further, in the signal processing means 4, the
refractive index of the measuring object 5 may be deter-
mined and the spectrum may be calculated using the
refractive index. In this case, the calibration line data is
produced for each measuring object in the signal
processing means. The refractive index is determined by
calculation of the results obtained by measuring two
types of polarized lights, i.e. P-polarized light and S-po-
larized light, of the measuring object 5 of a living body
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with the use of the polarizer 6 that polarizes the light.
[0091] Inthe case where the specific componentis glu-
cose, the signal processing means 4 may convert the
corrected absorbance into blood sugar level based on
basic information for converting the absorbance at the
absorption peak wavenumber of glucose into blood sugar
level that has been stored in the signal processing means
4, which is then passed to an external device.

[0092] The polarizer 6 may be any polarizer known in
the relevant field. Examples thereof include a wire-grid
polarizer, a prism polarizer, a dielectric prism polarizer,
a film polarizer and a reflection polarizer.

[0093] The specific component may be any material in
a living body that can be optically measured. Examples
thereof include blood sugar, water, cholesterol, neutral
fat, lactic acid, ethanol in blood and various components
in body fluids.

[0094] The measuring object 5 may be anything that
contains the material that can be optically measured. Ex-
amples thereof include tissues of a living body such as
skin and lip. Particularly, lip is preferred because the lip
has a fluid layer thereon, which makes contact with the
optical element 2 or 12 easy.

[0095] The concentration information includes an ab-
solute value of the concentration, a component ratio, a
composition of the specific component to be measured
and their changes with time.

[0096] Since the measuring device in accordance with
the present invention further comprises a spectroscopic
means, it is possible to determine the wavelength de-
pendency of absorption of the specific component con-
tained in a living body. The use of the FT-IR technique
with an interferometer is preferable because it enables
measurement with high sensitivity.

[0097] When the specific componentis glucose having
absorption peaks at the wavenumbers of 1033 and 1080
cm! in the infrared region, a globar light source is pref-
erably used as the light source. Thisis because the globar
light source can cover a relatively wide wavelength range
and emit light efficiently even in a long wavelength range
of about 10 pm.

[0098] The optical element 2 or 12 is preferably made
of germanium or silicon having less amount of impurities
such as boron and phosphorus and a resistivity of not
less than 100 cm because the germanium and the silicon
have a high transmittance in the infrared wavelength of
about 9 to 10 um. More preferably, the resistivity is not
less than 1500 cm. The polarizer is preferably a wire-grid
polarizer.

[0099] By virtue ofthe measuring devicein accordance
with the present invention having the structure as de-
scribed above, easy measurement of the concentration
of a specific component can be achieved in any of the
following cases: (i) where the measurement is taken at
one measuring part of one living body; (ii) where the
measurement is taken at a plurality of measuring parts
of one living body; and (iii) where the measurement is
taken at one measuring part of a plurality of living bodies
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(i.e. one measuring part for one living body); and (iv)
where the measurement is taken at a plurality of meas-
uring parts of a plurality of living bodies (i.e. a plurality of
measuring parts for one living body).

[0100] The measuring device in accordance with the
present invention may further comprise a program that
allows a computer to perform all or some of the functions
of the measuring device. The program is run by the com-
puter.

[0101] Additionally, the program may be stored in a
recording medium. The recording medium carries the
program that allows a computer to perform all or some
of the functions of the measuring device of the present
invention. The program should be readable by a compu-
ter. The program having read by the computer is run by
the computer to carry out the functions. The term "some
of the functions" means one or some means of all of the
plurality of means.

[0102] As a preferred implementation of the program,
the program is recorded in a recording medium readable
by a computer, which is run by the computer.

[0103] Alternatively, the program may be transmitted
through a transport medium to a computer so that the
computer reads the program and runs it.

[0104] Examples of the form of the data include data-
base or data format. An example of the recording medium
is a ROM. Examples of the transport medium include
transport media such as the Internet, light, radio wave
and sound wave.

[0105] The computer may contain not only hardware
such as a CPU but also firmware, OS and peripheral
devices.

[0106] As described above, the advantages of the
presentinvention may be realized by software or by hard-
ware.

EXAMPLE 1

[0107] In this example, with the use of a measuring
device shown in FIG. 1, the concentration of glucose was
measured by the measuring method in accordance with
the present invention. FIG. 3 is a graph used for explain-
ing the process for correcting the wavenumber signal of
glucose.

[0108] The measurement of this example was taken
atlips as the measuring object 5. The wavenumbers used
for preparing a calibration line K were 2100 cm™! and
1080 cm-1.

[0109] The measuring device used in this example in-
cluded an SiC light source as the light source 1, a ger-
manium ATR element as the optical element 2, a pyro-
electric sensor as the light detecting means 3 and a cal-
culator as the signal processing means 4. Although not
shown in the figure, a spectroscopic means was placed
between the light source 1 and the ATR element 2.
[0110] Spectrum measurement was performed as fol-
lows. First, the lips as the measuring object 5 were made
contact with the ATR element 2 of the measuring device.
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Then, light was introduced into the ATR element 2 at a
certain incident angle. Light emitted from the ATR ele-
ment was detected by the pyroelectric sensor 3, and thus
a measured spectrum including a wavenumber signal
was obtained.

[0111] Subsequently, in the calculator 4, absorbances
at the same wavenumbers as used in the preparation of
the calibration line K (i.e. absorbances at 2100 cm™! and
1080 cm-1) were determined from the measured spec-
trum data received from the pyroelectric sensor 3. The
absorbances at 2100 cm-! and 1080 cm-! were plotted
as shown in FIG. 3. The point specified by the absorb-
ances of 2100 cm-! and 1080 cm-! was referred to as a
point "s1". A second calibration line H passing through
the point "s1" and parallel to the calibration line K, which
is to be used for the correction, was obtained. In other
words, a change in the thickness of the saliva layer was
estimated from a line plotted by shifting the inclined cal-
ibration line K representing the change in the saliva layer
to a point s1 of the measured data.

[0112] In this example, correction was made on the
assumption of the saliva layer having a constant thick-
ness of 0.2 pm. The absorbance at 2100 cm™? for this
thickness was calculated, in the same manner as when
the calibration line K was obtained, to give 0.7. The point
on the second calibration line H corresponding to 0.7 as
the temporary value was represented by a star-shaped
point J, and the absorbance at 1080 cm-! indicated by
the star-shaped point J was represented by R.

[0113] In the measured data, the absorbance at 1080
cm1, (i.e. the absorbance at the absorption peak of glu-
cose) was represented by P. An absorbance at 2100 cm-"
of 0.7 was given to the calibration line K representing the
change of saliva layer thickness to find an absorbance
R, that is, a corrected wavenumber signal. The thus-ob-
tained absorbance R was passed to an external device
and outputted.

[0114] Such measurement was repeated several
times at one site of the lips as the measuring object 5.
Throughout the repeated measurement, the temporary
condition was set to 0.7, that is, the absorbance at 2100
cm-!. The measured values obtained by the repeated
measurement exhibited a small range of variation. There-
fore, it was clear that the presentinvention provided more
stable measurement results.

[0115] Although, in this example, an absorbance at
2100 cm! of 0.7 was used as the temporary condition
for determining an abosorbance at 1080 cm! corre-
sponding to the star-shaped point J in FIG. 3, the present
invention is not limited to the above. The wavenumber
may be, for example, other wavenumber susceptible to
water except 2100 cm-!. Further, in order to temporarily
obtain a saliva layer thickness of 0.2 p.m, the absorbance
at 2100 cm-! was set to 0.7, but the absorbance at 2100
cm-is not limited to this value. Likewise, the saliva layer
thickness is not limited to 0.2 um.

[0116] Meanwhile, in spectrum measurement using
the measuring device shown in FIG. 6, the lips, for ex-
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ample, as the measuring object 5 was brought into con-
tact with the optical element 12. As shown in FIG. 7, the
measuring object 5 was fitted into the substantially V-
shaped part 13 of the optical element 12 with the saliva
layer 14 interposed between the measuring object 5 and
the optical element 12. Light was introduced thereinto
from the light source 1. An appropriate amount of the
light relative to that of the specific component of the
measuring object 5 was absorbed and the light was emit-
ted from the optical element 12. Subsequently, a second
calibration line H parallel to the calibration line was cre-
ated and the temporary condition was given thereto as
described above to make the correction.

[0117] Because the saliva layer present between the
measuring object 5 and the optical element 2 or 12 had
a different thickness every time the measurement was
taken, the amount of the light reaching the measuring
object 5 differed, causing the absorbances to have a wide
range of variation. Ithas been considered difficult to main-
tain the thickness of the saliva layer constant. However,
in the present invention, a standard relation between the
absorbance at the absorption peak wavenumber of glu-
cose and the thickness of the saliva layer present be-
tween the optical element 2 or 12 and the measuring
object 5 was determined in advance by calculation. With
the use of this relation for the correction, the actual meas-
ured value was converted into an absorbance on the as-
sumption of the saliva layer having a predetermined con-
stant thickness.

[0118] This always provides an absorbance based on
the assumption that the saliva layer thickness during the
measurement is constant. Since the range of variation in
the measured results is reduced, it is possible to achieve
measurement that always yields stable measured val-
ues.

[0119] In this example, lip was used as the measuring
object 5 and saliva as the varying factor to be used for
the correction, but the measuring object 5 may be skin
and the varying factor may be sweat.

EXAMPLE 2

[0120] In this example also, the concentration of glu-
cose was measured using the measuring method of the
present invention and the measuring device shown in
FIG. 1.

[0121] FIG. 4 shows two spectrums obtained from the
first and second measurement carried out successively
while the lip as the measuring object 5 was kept in contact
with the ATR element 2. The thickness of the saliva layer
gradually varied while the measuring object 5 was kept
in contact with the ATR element 2 and thus the amount
of the light reaching the lip differed, in other words, the
signal information at the first and second measurement
differed. For this reason, two different spectrums were
obtained.

[0122] Then, the point represented by the absorbance
a1 at 2100 cm! and the absorbance b1 at 1080 cm-! in
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the first spectrum was referred to as "C1", and the point
represented by the absorbance a2 at 2100 cm-! and the
absorbance b2 at 1080 cm-! in the second spectrum was
referred to as "C2". As shown in FIG. 5, the two points
were connected by a straight line to give a calibration line
L.

[0123] An absorbance at 2100 cm-! of 0.7 as the tem-
porary condition was given to the calibration line L, and
the absorbance at 1080 cm™! (shown by the star-shaped
point M in FIG. 5) was calculated. Such measurement
was repeated several times. Throughout the repeated
measurement, the temporary condition was set to an ab-
sorbance at 2100 cm-! of 0.7.

[0124] The measured values obtained from the above
measurement had a smaller range of variation. It was
evident from this that the present invention provided sta-
ble measurement results.

[0125] Although, in this example, an absorbance at
2100 cm-! of 0.7 was used as the temporary condition
for determining a value shown by the star-shaped point
M, the present invention is not limited to the above.
[0126] The absorbance at 1080 cm-! (i.e. the absorb-
ance at the absorption peak of glucose) of the first data
was P and the absorbance at 1080 cm-! of the second
data was Q.

[0127] The temporary condition (i.e. an absorbance at
2100 cm! of 0.7) was given to the calibration line L to
find an absorbance R at the absorption peak wavenum-
ber of glucose (i.e. at 1080 cm™1) as a corrected wave-
number signal.

[0128] Likewise, with the use of the measuring device
shown in FIG. 6, the measurement was carried out suc-
cessively twice while the measuring object 5 was kept in
contact with the optical element 12 to give the first and
second spectrums.

[0129] FIGs. 7 and 8 show the state between the sub-
stantially V-shaped part 13 of the optical element 12 and
the thickness P of the saliva layer 14 of the measuring
object 5. During the measurement, as seen from FIGs.
7 and 8, the thickness P of the saliva layer 14 varied
because saliva was gradually shifted to the outside as
the lip as the measuring object 5 was brought into closer
contact with the substantially V-shaped part 13. Because
of this, the wavenumber signals at the first and second
measurement differed, and two different spectrums were
obtained.

[0130] Then, the correction was carried out by deter-
mining a second calibration line L and giving the tempo-
rary condition mentioned above to the second calibration
line L.

[0131] In EXAMPLES 1 and 2, actual change in the
thickness of the saliva layer present between the optical
element 2 or 12 and the lip as the measuring object 5
was utilized for the correction. Specifically, an absorb-
ance for the predetermined saliva layer thickness was
estimated from actual measured value based on the cal-
ibration line L obtained from the thickness change. There-
by, information on the assumption of the saliva layer hav-
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ing a constant thickness during the measurement was
obtained, reducing the range of variation of the meas-
urement.

[0132] Additionally, lip was used as the measuring ob-
ject 5 and saliva as the varying factor to be used for the
correction, but the measuring object 5 may be skin and
the varying factor may be sweat.

[0133] InEXAMPLES described above, the measuring
method of the present invention was carried out based
on an absorbance at 2100 cm-! and an absorbance at
1080 cm1, thatis, one of the absorption peaks of glucose,
but there may be used information, for example, obtained
by baseline-correcting a plurality of wavenumber signals.
[0134] As described above, according to the present
invention, easy and stable measurement of the concen-
tration of a specific component contained in a measuring
part of a living body can be achieved even when a fluid
such as water, saliva or sweat is present between an
optical element and the living body or when the meas-
urement is taken at a plurality of measuring parts of a
living body.

[0135] According to the measuring method and the
measuring device in accordance with the present inven-
tion, it is possible to achieve easy and stable measure-
ment of the concentration of a specific component con-
tained in a living body, even when a fluid such as water,
saliva or sweat is present between an optical element
and the living body or when the measurement is taken
at a plurality of measuring parts of a living body. There-
fore, the present invention is useful in the measurement
of a component of a body fluid for medical purpose.
[0136] Although the present invention has been de-
scribed in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting. Various alterations and modifica-
tions will no doubt become apparent to those skilled in
the art to which the present invention pertains, after hav-
ing read the above disclosure. Accordingly, it is intended
that the appended claims be interpreted as covering all
alterations and modifications as fall within the true spirit
of the invention.

Claims

1. A method for measuring the concentration of a spe-
cific component contained in a living body compris-
ing the steps of:

(1) introducing light into an optical element,
which is absorbed and reflected by a living body
in contact with said optical element and then
emitted from said optical element;

(2) detecting the light emitted from said optical
element and obtaining a wavenumber signal
from the detected light;

(3) correcting said wavenumber signal with the
use of a calibration line for correcting the influ-
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ence of a change in the state of an interface
between said living body and said optical ele-
ment on said wavenumber signal; and

(4) obtaining a concentration of a specific com-
ponent contained in said living body from the
corrected wavenumber signal;

wherein said calibration line is prepared by the steps
of:

(3a) obtaining "i" different spectrums corre-
sponding to "i" different states of said interface,
where said "i" is an integer from 2 to n; and
(3b) plotting "i" different points in a coordinate
system and connecting said points to obtain a
calibration line, each of said "i" different points
being determined from "j" different wavenumber
signals corresponding to "j" different wavenum-
bers in each of said "i" different spectrums,
where said "|" is an integer from 2 to n.

The method for measuring the concentration of a
specific component in accordance with claim 1,
wherein

said step (3a) is a step of obtaining a first spectrum
and a second spectrum corresponding to two differ-
ent states of said interface, and

said step (3b) is a step of plotting two points (x1, y1)
and (x2, y2) in a coordinate system and connecting
said two points to obtain a calibration line, one of
said two points (x1, y1) being determined by two dif-
ferent wavenumber signals corresponding to two dif-
ferent wavenumbers in said first spectrum and the
other of said two points (x2, y2) being determined
by two different wavenumber signals corresponding
to two different wavenumbers in said second spec-
trum.

The method for measuring the concentration of a
specific component in accordance with claim 1 or 2,
wherein said step (3) further comprises steps of:

preparing a second calibration line having the
same inclination as said calibration line and
passing through a point, which is determined by
wavenumber signals obtained from said detect-
ed light at a plurality of different wavenumbers;
and

converting said wavenumber signal in said step
(2) into a corrected wavenumber signal based
on said second calibration line and a temporary
condition.

The method for measuring the concentration of a
specific component in accordance with claim 1,
wherein said optical element is in contact with said
living body.
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The method for measuring the concentration of a
specific component in accordance with claim 4,
wherein

said step (3A) is a step of obtaining a first spectrum
and a second spectrum, and

said step (3B) is a step of plotting two points (x1, y1)
and (x2, y2) in a coordinate system and connecting
said two points to obtain a calibration line, one of
said two points (x1, y1) being determined by two dif-
ferent wavenumber signals corresponding to two dif-
ferent wavenumbers in said first spectrum and the
other of said two points (x2, y2) being determined
by two different wavenumber signals corresponding
to two different wavenumbers in said second spec-
trum.

The method for measuring the concentration of a
specific component in accordance with claim 5,
wherein said step (3) further comprises steps of:

preparing a second calibration line having the
same inclination as said calibration line and
passing through a point, which is determined by
wavenumber signals obtained from said detect-
ed light at a plurality of different wavenumbers;
and

converting said wavenumber signal in said step
(2) into a corrected wavenumber signal based
on said second calibration line and a temporary
condition.

The method for measuring the concentration of a
specific component in accordance with any one of
claims 1 to 6, wherein said change in the state of
said interface means a change in the thickness of a
fluid layer.

The method for measuring the concentration of a
specific component in accordance with claim 3 or 6,
wherein the preparation of said calibration line in-
volves the use of wavenumber signals at two or more
wavenumbers in the range of 700 to 3200 cm-! and
the use of a wavenumber signal at any of said two
or more wavenumbers as said temporary condition.

A device for measuring the concentration of a spe-
cific component contained in a living body compris-

ing:

(a) an optical element to be brought into contact
with a living body;

(b) a light source for introducing light into said
optical element;

(c) alight detecting means for detecting the light
emitted from said optical element; and

(d) a signal processing means for processing a
wavenumber signal obtained in said light detect-
ing means to correct said wavenumber signal
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with the use of one or more calibration line(s)
wherein the signal processing means is adapted
to calculate one or more calibration line(s) by
the steps of:

(3a) obtaining "i" different spectrums corre-
sponding to "i" different states of said interface,
where said "i" is an integer from 2 to n; and
(3b) plotting "i" different points in a coordinate
system and connecting said points to obtain a
calibration line, each of said "i" different points
being determined from "j" different wavenumber
signals corresponding to "j" different wavenum-
bers in each of said "i" different spectrums,
where said "j" is an integer from 2 to n.

The device for measuring the concentration of a spe-
cific component in accordance with claim 9, wherein
said signal processing means stores said calibration
line(s).

The device for measuring the concentration of a spe-
cificcomponentin accordance with any one of claims
9 to 11, wherein said signal processing means pre-
pares a second calibration line having the same in-
clination as said calibration line and passing through
a point, which is determined by wavenumber signals
obtained from said detected light at a plurality of dif-
ferent wavenumbers, and converts said wavenum-
ber signal into a corrected wavenumber signal based
on said second calibration line and a temporary con-
dition.

The device for measuring the concentration of a spe-
cificcomponentin accordance with any one of claims
9 to 12, wherein said calibration line is a calibration
line for correcting the influence of a change in the
thickness of a fluid layer present at the interface be-
tween said living body and said optical element on
said wavenumber signal.

The device for measuring the concentration of a spe-
cific component in accordance with claim 12 or 13,
wherein said temporary condition is a wavenumber
signal at any of the two or more wavenumbers in the
range of 700 to 3200 cm™! used in the preparation
of said calibration line.

Patentanspriiche

1.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente, die in einem lebenden Kor-
per enthalten ist, mit den folgenden Schritten:

(1) Einleiten von Licht in ein optisches Element,
wobei es absorbiert und reflektiert wird durch
einen lebenden Kdorper, der mit dem optischen
Elementin Kontakt steht, und dann aus dem op-
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tischen Element hinaus abgegeben wird;

(2) Erfassendes Lichtes, das von dem optischen
Element ausgegeben wird, und Erhalten eines
Wellenzahlsignals aus dem erfassten Licht;

(3) Korrigieren des Wellenzahlsignals mit der
Anwendung einer Kalibrierlinie fir die Korrektur
des Einflusses einer Anderung bei dem Zustand
einer Schnittstelle zwischen dem lebenden Kér-
per und dem optischen Element auf das Wel-
lenzahlsignal; und

(4) Erhalten einer Konzentration einer spezifi-
schen Komponente, die indem lebenden Kérper
enthalten ist, aus dem korrigierten Wellenzahl-
signal;

wobei die Kalibrierlinie durch die folgenden Schritte
vorbereitet wird:

(3a) Erhalten von "i" verschiedenen Spektren,
die"i" verschiedenen Zustanden der Schnittstel-
le entsprechen, wobei "i" eine ganze Zahl von 2
bis n ist; und

(3b) Darstellen von "i" verschiedenen Punkten
in einem Koordinatensystem und Verbinden die-
ser Punkte, um eine Kalibrierlinie zu erhalten,
wobei jeder der "i" verschiedenen Punkte aus
"[" verschiedenen Wellenzahlsignalen bestimmt
wird, die "j" verschiedenen Wellenzahlen jedem
der "i"' verschiedenen Spektren entsprechen,
wobei "j" eine ganze Zahl von 2 bis n ist.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemafl Anspruch 1, wobei
der Schritt (3a) ein Schritt ist, bei dem ein erstes
Spektrum und ein zweites Spektrum erhalten wird,
die zwei verschiedenen Zustanden der Schnittstelle
entsprechen, und

der Schritt (3b) ein Schritt ist, bei dem zwei Punkte
(x1, y1) und (x2, y2) in einem Koordinatensystem
dargestellt werden und die beiden Punkte verbun-
den werden, um eine Kalibrierlinie zu erhalten, wobei
einerderbeiden Punkte (x1,y1) durch zwei verschie-
dene Wellenzahlsignale bestimmt wird, die den zwei
verschiedenen Wellenzahlen in dem ersten Spek-
trum entsprechen, und derandere der beiden Punkte
(x2, y2) durch zwei verschiedene Wellenzahlsignale
bestimmt wird, die zwei verschiedenen Wellenzah-
len in dem zweiten Spektrum entsprechen.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemaf Anspruch 1 oder 2,
wobei der Schritt (3) des Weiteren die folgenden
Schritte aufweist:

Vorbereiten einer zweiten Kalibrierlinie, die die
gleiche Neigung wie die Kalibrierlinie hat und
durch einen Punkt tritt, der durch Wellenzahlsi-
gnale bestimmt wird, die von dem erfassten
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Licht bei einer Vielzahl an verschiedenen Wel-
lenzahlen erhalten werden; und

Umwandeln des Wellenzahlsignals bei dem
Schritt (2) in ein korrigiertes Wellenzahlsignal
auf der Grundlage der zweiten Kalibrierlinie und
einer temporaren Bedingung.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemafl Anspruch 1, wobei
das optische Element mit dem lebenden Koérper in
Kontakt steht.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemafl Anspruch 4, wobei
der Schritt (3A) ein Schritt ist, bei dem ein erstes
Spektrum und ein zweites Spektrum erhalten wird,
und

der Schritt (3B) ein Schritt ist, bei dem zwei Punkte
(x1, y1) und (x2, y2) in einem Koordinatensystem
dargestellt werden und die beiden Punkte verbun-
den werden, um eine Kalibrierlinie zu erhalten, wobei
einerderbeiden Punkte (x1, y1) durch zwei verschie-
dene Wellenzahlsignale bestimmt wird, die zwei ver-
schiedenen Wellenzahlen in dem ersten Spektrum
entsprechen, und der andere der beiden Punkte (x2,
y2) durch zwei verschiedene Wellenzahlsignale be-
stimmt wird, die zwei verschiedenen Wellenzahlen
in dem zweiten Spektrum entsprechen.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemaR Anspruch 5, wobei
der Schritt (3) des Weiteren die folgenden Schritte
aufweist:

Vorbereiten einer zweiten Kalibrierlinie, die die
gleiche Neigung wie die Kalibrierlinie hat und
die durch einen Punkt tritt, der durch Wellen-
zahlsignale bestimmt wird, die von dem erfas-
sten Licht bei einer Vielzahl an verschiedenen
Wellenzahlen erhalten werden; und
Umwandeln des Wellenzahlsignals bei dem
Schritt (2) in ein korrigiertes Wellenzahlsignal
auf der Grundlage der zweiten Kalibrierlinie und
einer temporaren Bedingung.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemaf einem der Anspriiche
1 bis 6, wobei

mit der Anderung bei dem Zustand der Schnittstelle
eine Anderung der Dicke einer Fluidlage gemeint ist.

Verfahren zum Messen der Konzentration einer spe-
zifischen Komponente gemaf Anspruch 3 oder 6,
wobei

die Vorbereitung der Kalibrierlinie die Anwendung
von Wellenzahlsignalen bei zwei oder mehr Wellen-
zahlen in dem Bereich von 700 bis 3200 cm™! und
die Anwendung eines Wellenzahlsignals bei einer
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beliebigen der beiden oder mehr Wellenzahlen als
die temporéare Bedingung beinhaltet.

Vorrichtung zum Messen der Konzentration einer
spezifischen Komponente, die in einem lebenden
Korper enthalten ist, mit:

(a) einem optischen Element, das mit einem le-
benden Koérper in Kontakt gebracht ist;

(b) einer Lichtquelle fur ein Einleiten von Licht
in das optische Element;

(c) einer Lichterfassungseinrichtung flr ein Er-
fassen des Lichtes, das von dem optischen Ele-
ment ausgegeben wird; und

(d) einer Signalprozesseinrichtung flr ein Be-
handeln eines Wellenzahlsignals, das in der
Lichterfassungseinrichtung erhalten wird, um
das Wellenzahlsignal mit der Anwendung von
einer Kalibrierlinie oder mehreren Kalibrierlinien
zu korrigieren, wobei die Signalprozesseinrich-
tung daran angepasstist, eine Kalibrierlinie oder
mehrere Kalibrierlinien zu berechnen, anhand
der folgenden Schritte:

(3b) Darstellen von "i" verschiedenen Punk-
ten in einem Koordinatensystem und Ver-
binden der Punkte, um eine Kalibrierlinie zu
erhalten, wobei jeder der "i" verschiedenen
Punkte aus "' verschiedenen Wellenzahl-
signalen bestimmt wird, die "j" verschiede-
nen Wellenzahlen in jedem der "i" verschie-
denen Spektren entsprechen, wobei"j" eine
ganze Zahl von 2 bis n ist.

Vorrichtung zum Messen der Konzentration einer
spezifischen Komponente gemal Anspruch 9, wo-
bei

die Signalprozesseinrichtung die Kalibrierlinie (n)
speichert.

Vorrichtung zum Messen der Konzentration einer
spezifischen Komponente gemal} einem der An-
spriiche 9 bis 11, wobei

die Signalprozesseinrichtung eine zweite Kalibrier-
linie vorbereitet, die die gleiche Neigung wie die Ka-
librierlinie hat und die durch einen Punkt tritt, der
durch Wellenzahlsignale bestimmt wird, die von dem
erfassten Licht bei einer Vielzahl an verschiedenen
Wellenzahlen erhalten werden, und das Wellenzahl-
signal in ein korrigiertes Wellenzahlsignal umwan-
delt auf der Grundlage der zweiten Kalibrierlinie und
einer temporaren Bedingung.

Vorrichtung zum Messen der Konzentration einer
spezifischen Komponente gemal einem der An-
spriche 9 bis 12, wobei

die Kalibrierlinie eine Kalibrierlinie ist, die den Ein-
fluss einer Anderung der Dicke der Fluidlage, die an
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13.

26

der Schnittstelle zwischen demlebenden Kérper und
dem optischen Element vorhanden ist, auf das Wel-
lenzahlsignal korrigiert.

Vorrichtung zum Messen der Konzentration einer
spezifischen Komponente gemaf Anspruch 12 oder
13, wobei

die temporére Bedingung ein Wellenzahlsignal bei
einer beliebigen der zwei oder mehr Wellenzahlen
in dem Bereich von 700 bis 3200 cm-" ist, die bei der
Vorbereitung der Kalibrierlinie verwendetet werden.

Revendications

1.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique contenu dans un corps vivant com-
prenant les étapes consistant a :

(1) introduire de la lumiére dans un élément op-
tique, qui est absorbée et réfléchie par un corps
vivant en contact avec ledit élément optique et
émise ensuite depuis ledit élément optique ;
(2) détecter la lumiére émise depuis ledit élé-
ment optique et obtenir un signal de nombre
d’'onde a partir la lumiere détectée ;

(3) corriger ledit signal de nombre d’'onde en uti-
lisant une ligne de calibrage pour corriger I'in-
fluence d’'un changement dans I'état d’'une in-
terface entre ledit corps vivant et ledit élément
optique sur ledit signal de nombre d’onde ; et
(4) obtenir une concentration d’'un composant
spécifique contenu dans ledit corps vivanta par-
tir du signal de nombre d’onde corrigé ;

ou ladite ligne de calibrage est préparée par les éta-
pes consistant a :

(3a) obtenir "i" spectres différents correspon-
dant a "i" états différents de ladite interface, ou
ledit "i" est un nombre entierde 2 an ; et

(3b) tracer "i" points différents dans un systeme
de coordonnées et connecter lesdits points pour
obtenir une ligne de calibrage, chacun desdits
"i" points différents étant déterminés a partir de
"I" signaux de nombre d’onde différents corres-
pondant a "j" nombres d’onde différents dans
chacun desdits "i" spectres différents, ou ledit

i" est un nombre entier de 2 a n.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon la revendication 1, ou

ladite étape (3a) est une étape d’obtention d’un pre-
mier spectre et d’'un deuxiéme spectre correspon-
dants a deux états différents de ladite interface, et
ladite étape (3b) est une étape de tragage de deux
points (x1, y1) et (x2, y2) dans un systéme de coor-
données et de connexion desdits deux points pour
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obtenir une ligne de calibrage, I'un desdits deux
points (x1, y1) étant déterminé par deux signaux de
nombre d’onde différents correspondants a deux
nombres d’onde différents dans ledit premier spectre
etl'autre desdits deux points (x2, y2) étant déterminé
par deux signaux de nombre d’onde différents cor-
respondants a deux nombres d’onde différents dans
ledit deuxiéme spectre.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon la revendication 1 ou 2, dans
lequel ladite étape (3) comprend en plus les étapes
consistant a :

préparer une deuxiéme ligne de calibrage ayant
laméme inclinaison que ladite ligne de calibrage
et passant a travers un point, qui est déterminée
par des signaux de nombre d’onde obtenus a
partir de ladite lumiére détectée a une pluralité
de nombres d’onde différents ; et

convertir ledit signal de nombre d’onde dans la-
dite étape (2) en un signal de nombre d’onde
corrigé sur la base de ladite deuxiéme ligne de
calibrage et une condition temporaire.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon la revendication 1, dans lequel
ledit élément optique est en contact avec ledit corps
vivant.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon la revendication 4, dans lequel
ladite étape (3A) est une étape d’obtention d’un pre-
mier spectre et d’'un deuxiéme spectre, et

ladite étape (3B) est une étape de tracage de deux
points (x1, y1) et (x2, y2) dans un systéme de coor-
données et de connexion desdits deux points pour
obtenir une ligne de calibrage, I'un desdits deux
points (x1, y1) étant déterminé par deux signaux de
nombre d’onde différents correspondants a deux
nombres d’onde différents dans ledit premier spectre
etl’autre desdits deux points (x2, y2) étant déterminé
par deux signaux de nombre d’onde différents cor-
respondants a deux nombres d’onde différents dans
ledit deuxiéme spectre.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon la revendication 5, dans lequel
ladite étape (3) comprend en plus les étapes con-
sistant a:

préparer une deuxiéme ligne de calibrage ayant
laméme inclinaison que ladite ligne de calibrage
et passant a travers un point, qui est déterminée
par des signaux de nombre d’onde obtenus a
partir de ladite lumiére détectée a une pluralité
de nombres d’onde différents ; et

convertir ledit signal de nombre d’onde dans la-
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dite étape (2) en un signal de nombre d’onde
corrigé sur la base de ladite deuxiéme ligne de
calibrage et une condition temporaire.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon I'une quelconque des reven-
dications 1 a 6, dans lequel ledit changement dans
I'état de ladite interface signifie un changement dans
I'épaisseur d’une couche de fluide.

Procédé pour mesurer la concentration d’'un compo-
sant spécifique selon la revendication 3 ou 6, dans
lequel la préparation de ladite ligne de calibrage im-
plique l'utilisation de signaux de nombre d’onde a
deux nombres d’onde ou plus dans la gamme de
700 & 3200 cm-! et l'utilisation d’un signal de nombre
d’'onde a I'un quelconque desdits deux nombres
d’onde ou plus comme ladite condition temporaire.

Dispositif pour mesurer la concentration d’'un com-
posant spécifique contenu dans un corps vivant
comprenant :

(a) un élément optique qui doit étre amené en
contact avec un corps vivant ;

(b) une source de lumiere pour introduire de la
lumiére dans ledit élément optique ;

(c) un moyen de détection de lumiére pour dé-
tecter la lumiére émise depuis ledit élément
optique ; et

(d) un moyen de traitement de signal pour traiter
un signal de nombre d’onde obtenu dans ledit
moyen de détection de lumiere pour corriger le-
dit signal de nombre d’onde en utilisant une ou
davantage de ligne(s) de calibrage dans lequel
le moyen de traitement de signal est adapté pour
calculer une ou davantage de ligne(s) de cali-
brage par les étapes consistant a:

(3a) obtenir "i" spectres différents corres-
pondants a "i" états différents de ladite in-
terface, ou ledit "i" est un nombre entier de
2an;et

(3b) tracer "i" points différents dans un sys-
teme de coordonnées et connecter lesdits
points pour obtenir une ligne de calibrage,
chacun desdits "i" points différents étant dé-
terminé a partir de "j" signaux de nombre
d’onde différents correspondants a "j" nom-
bres d’onde différents dans chacun desdits
spectres différents, ou ledit "j" est un
nombre entier de 2 a n.

10. Dispositif pour mesurer la concentration d’'un com-

posant spécifique selon la revendication 9, dans le-
quelledit moyen de traitement de signal stocke ladite
(lesdites) ligne(s) de calibrage.
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Dispositif pour mesurer la concentration d’'un com-
posant spécifique selon I'une quelconque des reven-
dications 9 a 11, dans lequel ledit moyen de traite-
ment de signal prépare une deuxiéme ligne de cali-
brage ayant la méme inclinaison que ladite ligne de
calibrage et passant a travers un point, qui est dé-
terminée par des signaux de nombre d’onde obtenus
depuis ladite lumiére détectée a une pluralité de
nombres d'onde différents, et convertit ledit signal
de nombre d’onde en un signal de nombre d’onde
corrigé sur la base de ladite deuxiéme ligne de ca-
librage et une condition temporaire.

Dispositif pour mesurer la concentration d’'un com-
posant spécifique selon I'une quelconque des reven-
dications 9 a 11, dans lequel ladite ligne de calibrage
est une ligne de calibrage pour corriger l'influence
d’un changement dans I'épaisseur d’une couche de
fluide présente a l'interface entre ledit corps vivant
et ledit élément optique sur ledit signal de nombre
d’onde.

Dispositif pour mesurer la concentration d’'un com-
posant spécifique conformément a la revendication
11 ou 12, dans lequel ladite condition temporaire est
un signal de nombre d’onde a I'un quelconque des
deux nombres d’onde ou plus dans la gamme de
700 & 3200 cm-" utilisés dans la préparation de ladite
ligne de calibrage.
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