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Description

TECHNICAL FIELD

[0001] The present invention relates to a technology for measuring a target component in an object of measurement.

BACKGROUND ART

[0002] Inrecentyears, there has been an increase in people suffering from lifestyle-related diseases such as diabetes,
and hence there has been an increase in the need to measure blood sugar level, cholesterol level and so on in one’s
blood based on a simple technique that can be carried out at home and so on. As a simple technique for measuring
blood sugar level, there is for example a method in which a fingertip is punctured so that blood flows out and a sample
is taken, and then the glucose concentration in the blood is measured using this sample.

[0003] However, puncturing one’s fingertip is accompanied by pain, and hence measuring the blood sugar level may
be painful. In particular, in the case of a diabetes sufferer, to carry out blood sugar level management during everyday
life, the blood sugar level must be measured several times a day. A diabetes sufferer may thus be subjected to pain
several times a day, and hence measuring the blood sugar level is a great burden for a diabetes sufferer. Moreover,
with ordinary glucose concentration measurement, there is a problem that consumables such as biosensors or urine
test paper are used.

[0004] InJapanese Patent Application Laid-open No. H05-176917, to reduce the burden during glucose concentration
measurement, there has thus been disclosed a method of measuring the blood sugar level without taking blood from a
patient. With this method, near-infrared light of wavelength 0.78 to 1.32 um is irradiated onto a human body, and the
glucose concentration can be measured based on the intensity of the light transmitted through the human body.
[0005] On the other hand, in Japanese Patent Application Laid-open No. H09-138231, there has been disclosed a
method of measuring the glucose concentration in urine without the need for consumables such as urine test paper.
With this method, light that has passed through a polarizer is irradiated onto a sample solution, and the glucose con-
centration can be measured based on the angle of optical rotation of the light transmitted through the sample solution
at this time.

[0006] However, with the method disclosed in Japanese Patent Application Laid-open No. 5-176917, the measurement
is prone to being affected by the state of optical scattering when the irradiated light is transmitted through the human
body. That is, variation in measurement results between individuals arises due to differences in the state of optical
scattering between individuals, and moreover even with the same person, variation in measurement results arises due
to differences in the state of optical scattering at different measurement sites. To resolve these problems, a calibration
line must be prepared for each individual, and moreover for each person measurement must be always be carried out
at the same site

[0007] On the other hand, with the method disclosed in Japanese Patent Application Laid-open No. H09-138231, the
method is effective for measurement on a solution that does not contain solid matter, but there is a problem in that in
the case of trying to carry out measurement on a turbid liquid such as blood or trying to measure a component in biological
tissue, the measurement is affected by optical scattering due to solid matter in the object of measurement, and hence
accurate measurements cannot be obtained.

[0008] Patent Application US 2002/0049372 A1 discloses an optical spectroscopy pathlength measurement system
which is suitable for measuring blood glucose concentration in a non-invasive way. It is based on the application of
different magnetic fields to the measurement sample.

[0009] Another measurement system for determining a glucose concentration in a solution is disclosed in the article
by Sunghoon Jang et al.: "Optical Sensor Using the Magnetic Optical Rotatory Effect of Glucose", LEOS Newsletter
April 1998, pages 28, 29.

DISCLOSURE OF THE INVENTION

[0010] It is an object of the present invention to accurately measure a target substance component concentration in
an object of measurement, with the influence of scattering matter contained in the object of measurement excluded as
much as possible, and while reducing the burden on the measurer.

[0011] In afirst aspect, there is provided a component concentration measurement method comprising: a first step of
irradiating light onto an object of measurement with the object of measurement in a first magnetic field state, and detecting
the state of light from the object.of measurement at this time; a second step of irradiating light onto the object of meas-
urement with the object of measurement in a second magnetic field state different to the first magnetic field state, and
detecting the state of light from the object of measurement at this time; and a third step of calculating the concentration
of a target component based on the detection result in the first step and the detection result in the second step
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[0012] The first magnetic field state is a magnetic-field-modulated state obtained by applying a magnetic field to the
object of measurement from outside, and the second magnetic field state is a non-magnetic-field-modulated state. In
this case, the first magnetic field state is, for example, attained by applying a magnetic field to the object of measurement
such that the magnetic flux density at the center of the luminous flux of the light irradiated onto the object of measurement
is 100 to 1000 gauss.

[0013] The light irradiated onto the object of measurement is linearly polarized light

[0014] In the first and second steps, for example the state of light from the object of measurement is detected after
making the light into linearly polarized light using an analyzer. In this case, the analyzer preferably has a polarization
axis disposed so as to selectively transmit linearly polarized light having a different oscillation plane from the oscillation
plane of the linearly polarized light emitted from the light irradiator. Specifically, the * analyzer is preferably disposed in
a state with the polarization axis thereof shifted by 1.0 to 10.0° in terms of the absolute value from a position of the
polarization axis of the analyzer at which the amount of light transmitted by the analyzer is lowest when light is irradiated
onto the object of measurement in the second magnetic field state.

[0015] In the first and second steps, for example the state of light from the object of measurement is detected as the
absorbance or the amount of light. In this case, the absorbance or the amount of light is measured based on light
transmitted through the object of measurement.

[0016] In the third step, for example the concentration of the target component is calculated based on the difference
A between the absorbance or the amount of light measured in the first step and the absorbance or the amount of light
measured in the second step.

[0017] Inthis case, preferably, in the third step, the coefficient 0.4 and the coefficient B, in the undermentioned equation
are determined, and the concentration of the target component is calculated based on the coefficients o,y and B,.

Difference A = o;XX; + leYl v (1)

[0018] X,: Change in absorbance due to change in state of optical rotation for target component between first and
second magnetic field states.

[0019] Y,:Change inabsorbance due to state of optical rotation for at least one component other than target component
between first and second magnetic field states.

[0020] Here, X, can for example be determined by subtracting the change in the absorbance for a reference from the
change in the absorbance for the object of measurement, and Y, can be determined as the change in the absorbance
for the reference.

[0021] In the case of measuring blood sugar value, X, in equation (1) may be determined as the change in the
absorbance due to a change in the state of optical rotation for glucose between the first and second magnetic field states,
and the calculation may be carried out with the term B4, in equation (1) represented by undermentioned equation (2).

BixY¥y = B1aX¥11 + B12XYiz +B13XY¥y3 © -+ (2) "

[0022] In equation (2), B44, B2 @nd P43 are respectively a coefficient for plasma, a coefficient for oxyhemoglobin and
a coefficient for reduced hemoglobin, and Y44, Y4, and Y3 are respectively the change in the absorbance due to a
change in the state of optical rotation for plasma, oxyhemoglobin and reduced hemoglobin between the first and second
magnetic field states.

[0023] In the first and second steps, a spectrum may be obtained by measuring the absorbance or the amount of light
at a plurality of wavelengths for the object of measurement and a reference. In this case, in the third step, the difference
Ais obtained as a spectrum, and the coefficient o, and the coefficient B, in the undermentioned equation are determined,
and the concentration of the target component is calculated based on the coefficients o, and j3,.

Difference A = azxXig' + B2XY, e e (3)

[0024] X,: Spectrum of change in absorbance due to change in state of optical rotation for target component between
first and second magnetic field states.

[0025] Y,: Spectrum of change in absorbance due to state of optical rotation for at least one component other than
target component between first and second magnetic field states
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[0026] Here, X, can for example be determined by subtracting the spectrum of the change in the absorbance for the
reference between the first and second magnetic field states from the spectrum of the change in the absorbance for the
object of measurement between the first and second magnetic field states, and Y, can be determined as the spectrum
of the change in the absorbance for the reference between the first and second magnetic field states.

[0027] In the case of measuring blood sugar value, X, in equation (3) may be determined as the spectrum of the
change in the absorbance due to a change in the state of optical rotation for glucose between the first and second
magnetic field states, and the calculation may be carried out with the term 3, XY, in equation (3) represented by under-
mentioned equation (4).

CBaXY2 = BaiXYa, + B22XY22 +B23XY23 < - (4)

[0028] In equation (4), B,4, Boo @nd B,3 are respectively a coefficient for plasma, a coefficient for oxyhemoglobin and
a coefficient for reduced hemoglobin, and Y,4, Yo, and Y, are respectively the spectrum of the change in the absorbance
due to a change in the state of optical rotation for plasma, oxyhemoglobin and reduced hemoglobin between the first
and second magnetic field states.

[0029] The coefficient o, and the coefficient B, can be determined, for example, based on a singular value decompo-
sition procedure.

[0030] An example of the reference when determining X4, X5, Y, and Y, is pure water. As the reference, one in which
a state containing noise components (light-diffusing components other than the target component and pure water) is
constructed in pseudo fashion can also be used.

[0031] There are no particularlimitations on the target component of which the concentration is measured, but examples
are glucose, cholesterol, lactic acid, ascorbic acid, and so on.

[0032] The target component of which the concentration is measured is typically glucose, and in this case the wave-
length of the light irradiated onto the object of measurement is selected from a range of 780 to 1320 nm.

[0033] The first and second steps can be carried out by irradiating light directly onto an object of measurement present
in a human body. The first and second steps can of course also be carried out in a state with the object of measurement
held in a measurement cell.

[0034] Inasecond aspect, thereis provided acomponent concentration measurement device comprising lightirradiator
for irradiating light onto an object of measurement, magnetic field applier for applying a magnetic field to the object of
measurement from outside, light receiver for receiving light from the object of measurement, and calculator for calculating
the concentration of a target component contained in the object of measurement based on the result of light reception
by the light receiver.

[0035] The light irradiator is constituted such as to emit linearly polarized light. In this case, the light irradiator is for
example constituted as a laser light source.

[0036] As the light irradiator, a titanium sapphire laser can be used.

[0037] The component concentration measurement device of the present invention has a constitution further com-
prising an analyzer for making light to be received by the light receiver into linearly polarized light.

[0038] The analyzer preferably has a polarization axis thereof disposed so as to selectively transmit linearly polarized
light having a different oscillation plane from the oscillation plane of the linearly polarized light emitted from the light
irradiator.

[0039] The component concentration measurement device of the present invention may have a constitution further
comprising a controller for controlling the intensity of the magnetic field applied from the magnetic field applier.

[0040] The magnetic field applier has a constitution comprising for example a rotating magnetic plate or an electro-
magnet.

[0041] The component concentration measurement device of the present invention may have a constitution further
comprising fixer for fixing the light irradiator, the magnetic field applier and the light receiver with a desired positional
relationship relative to a predetermined site on a human body. In this case, the fixer is constituted for example such as
to be suitable for fixing onto a fingertip or an earlobe.

BRIEF DESCRIPTION OF THEDRAWINGS

[0042]

FIG. 1 is a sectional view in which some parts of a concentration measuring device according to a first embodiment
of the present invention are drawn as blocks.
FIG. 2 is a conceptual view of the concentration measuring device shown in FIG. 1.
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FIG. 3is a graph showing, for a glucose solution, the absorption spectrum of rotated light having a specific oscillation
plane in the case of applying a magnetic field to an object of measurement, the absorption spectrum in the case of
not applying a magnetic field, and an absorption spectrum showing the difference between these absorption spectra
FIG. 4 is a conceptual view of a concentration measuring device according to a second embodiment of the present
invention.

FIG. 5 is a conceptual view of a concentration measuring device according to a third embodiment of the present
invention.

FIG. 6 is a conceptual view of a concentration measuring device according to a fourth embodiment of the present
invention.

FIG. 7 is a conceptual view of a concentration measuring device according to a fifth embodiment of the present
invention.

FIG. 8 is a graph showing calculation results for a coefficient o in Example 1

FIG. 9 is a graph of results of measuring glucose concentration in plasma in Example 2.

FIG. 10 is a graph showing calculation results for the coefficient o0 in Example 3.

FIG. 11 is a graph of results of measuring glucose concentration in fingertips in Example 4.

BEST MODE FOR CARRYING OUT THE INVENTION

[0043] The best modes for carrying out the present invention will be described below with reference to the drawings.
[0044] Reference is first made to FIGS. 1 and 2 illustrating a first embodiment according to the present invention
[0045] A concentration measuring device 1 shown in FIG. 1 is constituted such as to non-invasively measure the
concentration of a target component, for example glucose or cholesterol, in a body fluid in a fingertip 2. The concentration
measuring device 1 comprises a fingertip holding section 10, a light irradiating section 11, a magnetic field applying
section 12, a light receiving section 13, and regulating circuitry 14.

[0046] The fingertip holding section 10 is for holding the fingertip during analysis, and includes at least the light
irradiating section 11, the magnetic field applying section 12 and the light receiving section 13.

[0047] The lightirradiating section 11 is for irradiating light onto the fingertip 2. The light irradiating section 11 includes
a light source 11A and a polarizer 11B.

[0048] The light source 11A, constituted so as to emit light over a broad wavelength range, comprises a halogen lamp
or a titanium sapphire laser, for example. In the case of using a halogen lamp as the light source of the light irradiating
section 11, the light irradiating section 11 is constituted such that the light from the halogen lamp is filtered using a color
filter or the like, thus selecting light of a target wavelength before emitting the light. In the case of measuring glucose
concentration, light of a wavelength selected from a range of 780 to 1320 nm is irradiated onto the object of measurement.
[0049] The polarizer 11B is for filtering through linearly polarized light having a targeted oscillation plane from out of
the light emitted from the light source 11A.

[0050] The magnetic field applying section 12 is for applying a magnetic field to the body fluid present inside the
fingertip 2, i.e. the object of measurement, and is constituted, for example, so as to comprise a rotating magnetic plate.
The rotating magnetic plate is provided with a plurality of magnets, for example eight neodymium magnets, disposed at
equal intervals around an outer peripheral portion of the plate.

[0051] The light receiving section 13 is for receiving, out of light transmitted through the fingertip 2, linearly’ polarized
light oscillating in a specific direction, and outputting a signal in accordance with the amount of light received. The light
receiving section 13 comprises an analyzer 13A, and a photoreceiver 13B.

[0052] The analyzer 13A filters the light transmitted through the fingertip 2, selectively allowing the passage of linearly
polarized light having the specific oscillation plane. In the case that rotated light is to be received by the photoreceiver
13B, the analyzer 13A is disposed such that the polarization axis thereof is non-parallel to the polarization axis of the
polarizer 11B.

[0053] The photoreceiver 13B is for receiving light that has passed through the fingertip 2 and the analyzer 13A, and
outputting, for example, an electrical signal in accordance with the amount of light received, and is constituted, for
example, as a photodiode or a phototransistor.

[0054] The regulating circuitry 14 is for controlling the operation of relevant elements, and comprises a control section
14A and a calculation section 14B.

[0055] The main function of the control section 14A is to control the magnetic field applying section 12. Specifically,
the control section 14A causes the magnetic field applying section 12 to select between a state in which a magnetic field
is applied to the object of measurement and another state in which a magnetic field is not applied, and further controls,
when a magnetic field is applied to the object of measurement, the magnitude of the applied magnetic field. In the case,
for example, that the magnetic field applying section 12 comprises a rotating magnetic plate, the control section 14A
controls the angle of rotation of the rotating magnetic plate, thus controlling the magnetic field state realized in the object
of measurement.



10

15

20

25

30

35

40

45

50

55

EP 1 503 203 B1

[0056] The calculation section 14B is for calculating the concentration of the target component in the object of meas-
urement based on the amount of light received by the photoreceiver 13B. With the calculation section 14B, for example
the concentration of the target component is calculated based on the amount of light received by the photoreceiver 13B
in a state in which a magnetic field is not applied to the object of measurement,and the amount of light received by the
photoreceiver 13B in a state in which a magnetic field is applied to the object of measurement

[0057] Such regulating circuitry 14 is, for example, constituted from a CPU, a ROM and a RAM.

[0058] In the concentration measuring device 1, as shown in FIG. 2, light irradiated from the light source 11A is made
into linearly polarized light by the polarizer 11B, and is then irradiated onto the fingertip 2. Moreover, the magnitude of
a magnetic field externally applied to the fingertip 2, more precisely the body fluid (object of measurement) inside the
fingertip 2, is controlled through the control of the control section 14A. Typically, the modulation frequency is made to
be 10 to 100 Hz such that the magnetic flux density at the center of the luminous flux is 100 to 1500 gauss, and a first
magnetic field state in which a magnetic field is applied to the object of measurement, and a second magnetic field state
in which a magnetic field is not externally applied to the object of measurement are selected between.

[0059] At the photoreceiver 13B, light having a targeted oscillation plane that has passed through the fingertip 2 and
the analyzer 13A is received. An electrical signal is outputted from the photoreceiver 13B in accordance with the amount
of light received, and this is stored in the calculation section 14B. In the calculation section 14B, the amount of light
received when the object of measurement is in the first magnetic field state, and the amount of light received when the
object of measurement is in the second magnetic field state are stored separately.

[0060] Asisclearfromthetests described later, the extend to which optical rotation occurs in the object of measurement
differs between the state in which a magnetic field is applied to the object of measurement and the state in which a
magnetic field is not applied. That is, in the case that a magnetic field is applied to the object of measurement, optical
rotation occurs for various components in the object of measurement due to the Faraday effect, and hence the light
transmitted through the object of measurement is subjected to optical rotation.

[0061] Inthe presentembodiment, the constitution is such thatlight having a preset angle of optical rotation is selectively
transmitted by the analyzer 13A, and this is received by the photoreceiver 13B. Light of what angle of optical rotation is
received is determined, for example, in accordance with the type of the target component in the object of measurement
and the magnitude of the magnetic field applied to the object of measurement; and further, an optical rotation angle may
be experimentally selected by trial and error, by which angle the characteristic of the optical rotation by the target
component can be most properly extracted.

[0062] Inthe case of measuring the concentration of glucose as the target component, the analyzer 13A s, forexample,
disposed in a state with the polarization axis thereof shifted by 1.0 to 10.0° in terms of the absolute value from the position
of the polarization axis of the analyzer 13A at which the amount of light transmitted through the analyzer 13A is lowest
(the extinction point), when linearly polarized light is irradiated onto the object of measurement in a state in which a
magnetic field is not applied to the object of measurement

[0063] Thereception ofthe transmittedlight by the photoreceiver 13B may be carried out with light of a single wavelength
irradiated onto the fingertip 2, or may be carried out separately for each wavelength with light of a plurality of wavelengths
being separately irradiated.

[0064] As described above, in the calculation section 14B, the concentration of the target component in the object of
measurement is calculated based on the amount of light received when the object of measurement is in the first magnetic
field state and the amount of light received when the object of measurement is in the second magnetic field state. Here,
an example of the procedure for calculating the concentration in the calculation section 14B will be described taking as
an example the case of calculating the concentration of glucose.

[0065] With the concentration measuring device 1 shown in FIGS. 1 and 2, in the case that light of a specific angle of
optical rotation is received for a plurality of wavelengths by the photoreceiver 13B, taking the amount of light received
as a basis, spectra as shown by the full line and the dashed line in FIG. 3 are obtained. In FIG. 3, the full line is the
spectrum in a state in which a magnetic field is not applied to the object of measurement (the second magnetic field
state), and the dashed line is the spectrum in a state in which a magnetic field is applied to the object of measurement
(the first magnetic field state). In FIG. 3, the differential spectrum between the spectrum in the first magnetic field state
and the spectrum in the second magnetic field state is further shown as an alternate long and short dashed line.
[0066] Here, the differential spectrum is the sum of the amount of rotated light at a specific angle for the various
components contained in the object of measurement, and hence the differential spectrum can be expressed by equation
(1) below.

Differential spectrum(A)=

AIQ_lucose()\) +AIQacer (AN) +8Incise(AN). = =" (1)
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A Iglucose (A): Amount of rotated light for glucose
A lwater(X) : Amount of rotated light for water
A Inoise (L) Amount of rotated light for noise components (light-diffusing components other than glucose and water)

[0067] From equation (1), it can be seen that the amount of rotated light for glucose A lg;ycose(A) can be determined
by subtracting the amount of rotated light for water Al,, ,,(A) and the amount of rotated light for the noise components
A Inoise() from the differential spectrum(i). The amount of rotated light for glucose A lg;cos¢(A) depends on the glucose
concentration, and hence the glucose concentration can be calculated by determining the amount of rotated light for
glucose A lgjycose (A)-

[0068] In an abridged procedure, the effects of the noise components may be ignored, and in this case the amount
of rotated light for glucose A I5;cos¢(A) Can be determined by subtracting the amount of rotated light for water A I,ya4/(A)
from the differential spectrum(}).

[0069] In the abridged procedure, water fulfills the role of a reference, but something other than water may be used
as a reference. For example, in the case of taking the effects of the noise components into consideration, the reference
can be constructed so as to reflect the effects of the noise components. That is, a reference enabling the sum of the
amount of rotated light for water A |,5;.,(A) and the amount of rotated light for the noise components A I,isc(A) to be
determined can be used. Moreover, two references corresponding respectively to the Al 4(A) term and the A | 5ise(A)
term in equation (1) may be used.

[0070] Taking the absorbance as a basis, equation (1) is equivalent to equation (2) below.

Differential absorption spectrum(A)

=oXAbSglucose (A) +BXADSyare: (A) +NOise (A) + o+ (2)

o Glucose spectrum coefficient

B : Water spectrum coefficient

ADS g cose (A): Absorption spectrum due to optical rotation for glucose
Abs,,4ter(A) : Spectrum due to optical rotation for water

Noise(A): Remainder

[0071] The absorbance at a targeted angle of optical rotation is related to the concentration of the target component,
and hence by determining the coefficient o and the coefficient in equation (2), the proportions of glucose and water in
the object of measurement can be determined. As a result, the ratio of glucose to water, and hence the glucose con-
centration, can be determined from the coefficient o and the coefficient

[0072] The coefficient o and the coefficient § in equation (2) can be determined, for example, using a Singular Value
Decomposition (SVD) procedure.

[0073] Inan abridged calculation method, the Noise(A) term is ignored, and hence the coefficient o and the coefficient
B may be determined using the singular value decomposition procedure based on the Absgcose (A) term and the Abs, ¢,
(A) term. For example, if the absorption spectrum for the object of measurement and the absorption spectrum for water
(the reference) are studied, then the absorption spectrum for glucose can be determined in pseudo fashion from the
difference between these absorption spectra. The absorption spectrum for glucose can be determined for both when a
magnetic field is applied to the object of measurement and when a magnetic field is not applied, and hence the absorption
spectrum for glucose due to optical rotation AbS;qse(A) can be determined. As a result, the coefficient o and the
coefficient B in equation (2) can be determined.

[0074] In the case of carrying out a more precise calculation, the coefficient o and the coefficient B may be determined
by carrying out singular value decomposition with consideration given to the Noise(A) term in equation (2). Here, the
Noise(A) term is the sum of the absorption spectra for components other than glucose and water, and precisely, can be
expressed as in equation (3) below.

Noise (AN)=axAbsx; (A) +bxAbsyx, (A) +chbsg3 (A) + .. fnxAbsx,n‘()\')'
- (3)

a, b, c, ..., n: Coefficients
Absy,(L): Absorption spectrum for each individual component other than glucose and water
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[0075] Consequently, if the coefficient oo and the coefficient  are determined by the singular value decomposition
while optimizing a, b, c, ..., n for the components other than glucose and water contained in the object of measurement,
then a concentration calculation can be carried out in which consideration is also given to the effects of light-diffusing
components that affect the glucose concentration measurement.

[0076] Moreover, inthe case of calculating the glucose concentration based on equation (2), as in the case of calculating
the glucose concentration based on equation (1), other references may be used instead of, or in addition to, water.
Examples of references in this case are ones that reflect the effects of noise components.

[0077] Equation (2) can be used in the case that the object of measurement is a glucose solution held in a vessel, or
in the case that the object of measurement is a body fluid (e.g. blood) contained in biological tissue such as a fingertip
or an earlobe.

[0078] Here, in blood, as light-diffusing components other than glucose and water, typically there are components
contained in the plasma, and oxyhemoglobin and reduced hemoglobin. Various components are contained in the plasma,
but the present inventor has found that similar results are obtained in the case of determining the absorption spectrum
for the plasma as a whole as in the case of determining the absorption spectrum due to optical rotation considering each
component in the plasma separately and then summing these absorption spectra. Consequently, when calculating the
glucoseconcentration, the differential absorption spectrum can be simply expressed as equation (4) below.

Differéntial absorption spectfum()\)=.o:XAbsglucose()\)
+BXAbSpiasma ()\)‘+Y?<Absé;<yhemoglobin (A)

+OXAbSreduced h'em'oglob‘in'()\:) ' e (4)

o : Glucose spectrum coefficient:

B : Plasma spectrum coefficient

v: Oxyhemoglobin spectrum coefficient

5: Reduced hemoglobin spectrum coefficient

ADS gy cose(M) : Absorption spectrum due to optical rotation for glucose
ADSasma()) © Spectrum due to optical rotation for plasma

ADS .y hemoglobin(}) © Spectrum due to optical rotation for oxyhemoglobin
ADS ¢ duced hemoglobin(t) : Spectrum due to optical rotation for reduced hemoglobin

[0079] In equation (4), plasma, oxyhemoglobin and reduced hemoglobin may be used together as three references,
or one reference corresponding to plasma, oxyhemoglobin and reduced hemoglobin may be used. In the latter case, a
lipid emulsion (fat emulsion for intravenous use) of concentration 0.5 to 2.0% for example may be used as the reference.
[0080] Next, second to fifth embodiments of the present invention will be described with reference to FIGS. 4to 7. In
FIGS. 4 to 7, elements the same as ones in the concentration measuring device according to the first embodiment of
the present invention described earlier are designated by the same reference numerals, and in the following description,
redundant description will be omitted

[0081] FIG. 4 shows a concentration measuring device according to a second embodiment of the present invention.
Unlike the concentration measuring device 1 of the first embodiment, this concentration measuring device 3 is constituted
such that a magnetic field applying section 32 comprises an electromagnet 32A and an alternating current generator
32B. The electromagnet 32A has a constitution in which a coil 32Ab is wound around a cylindrical magnetic core 32Aa.
[0082] With this constitution, an object of measurement 4 is disposed inside the magnetic core 32Aa, and a magnetic
field applied to the object of measurement 4 is modulated through the control section 14A of the regulating circuitry 14,
which controls the alternating current generator 32B so as to adjust the electrical power supplied to the electromagnet 32A.
[0083] With the concentration measuring device 3, the object of measurement 4 is disposed inside the magnetic core
32Aa, whereby the magnetic field is efficiently applied to the object of measurement 4.

[0084] FIG. 5 shows a concentration measuring device according to a third embodiment of the present invention. This
concentration measuring device 5 is like the concentration measuring device 3 according to the second embodiment of
the present invention (see FIG. 4), except that the constitution of a magnetic field applying section 52 is different. The
magnetic field applying section 52 is constituted such as to comprise an electromagnet 52A and an alternating current
generator 52B. The electromagnet 52A has a constitution in which a coil 52Ab is wound around a magnetic core 52Aa.
The magnetic core 52Aa is constituted such thattwo end portions thereof face one another, and the object of measurement
4 is disposed between these end portions

[0085] With this constitution, the object of measurement 4 is disposed between the end portions of the magnetic core
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52Aa, whereby a magnetic field is efficiently applied to the object of measurement 4. Moreover, not only an object of
measurement in a state housed in a cell, but also a fingertip, an earlobe or the like can be disposed between the end
portions of the magnetic core 52Aa, and hence this constitution is suitable for measuring the blood sugar value in a living
body.

[0086] FIG. 6 shows a concentration measuring device according to a fourth embodiment of the present invention.
This concentration measuring device 6 is like the concentration measuring device 1 according to the first embodiment
of the present invention (see FIGS. 1 and 2), except that a laser light source 61A that emits linearly polarized light is
used as the light irradiating section.

[0087] With this concentration measuring device 6, linearly polarized light is emitted from the laser light source 61A,
whereby a polarizer 11B (see FIGS. 1 and 2) becomes unnecessary. Hence the constitution of the device can be
simplified, and the light emitted from the light source can be utilized effectively

[0088] FIG. 7 shows a concentration measuring device according to a fifth embodiment of the present invention. This
concentration measuring device 7 is like the concentration measuring device 3 according to the second embodiment of
the present invention (see FIG. 4), except that a laser light source 71A that emits linearly polarized light is used as the
light irradiating section.

[0089] With this concentration measuring device 7, as with the concentration measuring device 5 according to the
third embodiment (see FIG. 5), a polarizer 11B (see FIGS. 1 and 2) becomes unnecessary, and hence the constitution
of the device can be simplified, and the light emitted from the light source can be utilized effectively.

[0090] With the concentration measuring device 7, a magnetic field applying section 52 like that of the concentration
measuring device 5 according to the third embodiment of the present invention (see FIG. 5) can be used.

[0091] In the embodiments described above, description is given with the case of measuring glucose concentration
taken as an example; however, the present invention is not limited to glucose, but can also be used in the case of
measuring other component concentrations. Furthermore, when measuring the glucose concentration or the like in a
human body, the measurement site is not limited to a fingertip, but rather the present invention can also be used with
an earlobe, for example.

EXAMPLES
[Example 1]

[0092] Inthe presentexample, the coefficient o in equation (2) was determined through an abridged calculation method
which ignores the noise(A) term in equation (2). The results are shown in FIG. 8.

[0093] In the calculation of the coefficient o, the absorbance of objects of measurement and the absorbance of water
(a reference) were measured

[0094] In the absorbance measurements, each sample was put into a quartz cell having a cell length of 30 mm, and
the amount of light transmitted upon irradiating light onto the quartz cell was measured.

[0095] As samples, seven glucose solutions of concentration 0 mg/dL (= pure water as the reference), 10 mg/dL, 20
mg/dL, 50 mg/dL, 100 mg/dL, 300 mg/dL and 500 mg/dL were used.

[0096] The irradiation of light onto the quartz cell was carried out after making light emitted from a halogen lamp close
to parallel light using a lens, and then converting into linearly polarized light using a polarizer. The wavelength of the
irradiated light was changed continuously in a range of 660 to 1110 nm.

[0097] The transmitted light was received continuously by a photodiode while changing the wavelength in both a state
in which a magnetic field was applied onto the quartz cell and a state in which a magnetic field was not applied.
[0098] The application of the magnetic field onto the quartz cell was carried out using neodymium magnets (width 30
mm, height 50 mm, thickness 10 mm) such that the magnetic flux density at the center of the luminous flux of the light
irradiated onto the quartz cell was 400 gauss, and the modulation frequency was 60 Hz.

[0099] At the photodiode, the light was received after filtering the transmitted light from the quartz cell into linearly
polarized light having a targeted oscillation plane using an analyzer.

[0100] The analyzer was disposed with the polarization axis thereof shifted by 5° from a reference, the reference being
taken as the orientation of the polarization axis at the extinction point (the point at which the intensity of the light transmitted
by the analyzer is lowest when light transmitted through the quartz cell is made to be incident on the analyzer in the
case that pure water has been put into the quartz cell and a magnetic field is not applied onto the quartz cell).

[0101] In FIG. 8, the horizontal axis shows the glucose concentration, and the vertical axis shows the coefficient a.
As can be seen from FIG. 8, there is a fixed relationship between the glucose concentration and the coefficient o.
Consequently, if the coefficient o is determined from the procedure described earlier, then the glucose concentration
can be calculated.

[0102] Here, it should be noted that with the system on which the present experiments were carried out, the amount
of water is approximately constant regardless of the sample concentration, and hence the coefficient  in equation (2)



10

15

20

25

30

35

40

45

50

55

EP 1 503 203 B1

can be taken as a constant. The coefficient o should thus essentially be proportional to the glucose concentration.
Regarding this point, there is room for improvement in future studies, but one reason for this is thought to be that a
halogen lamp was used as the light source, and there was a problem with the optical system for making the light from
the halogen lamp into parallel light. That is, it is thought that, due to the experiments being simple, the construction of
the optical system was insufficient, and hence the light irradiated onto the quartz cell was not sufficiently parallel. It is
thus thought that the measurement precision will be improved by increasing the degree of parallelity of the light irradiated
onto the object of measurement

[Example 2]

[0103] In the above, a description was given taking as an example the case of calculating the glucose concentration
by irradiating light onto an object of measurement while continuously changing the wavelength; however, as can be
amply anticipated from equation (2), the glucose concentration can be calculated based on equation (2) even in the
case of irradiating light of a single wavelength. That is, equation (2) has been expressed as a relational expression for
the differential absorption spectrum, but the relationship expressed in equation (2) also holds as a relational expression
for the absorbance in the case of fixing at a single wavelength.

[0104] Inthe present example, a single wavelength was irradiated onto an object of measurement, and from the results
of receiving the light at this time, the coefficient o. and the coefficient § were determined through an abridged calculation
ignoring the noise(A) term in equation (2), and then the glucose concentration was measured from these coefficients a
and f. The results are shown in FIG. 9.

[0105] InFIG. 9, the results of measuring the blood sugar value of each sample using a blood sugar value measuring
device (Glucocard GT-1160 made by Arkray) are shown as reference values on the horizontal axis

[0106] In the absorbance measurements, each object of measurement was put into a quartz cell having a cell length
of 30 mm, and the amount of light transmitted upon irradiating light onto the quartz cell was measured.

[0107] As the objects of measurement, samples of plasma having unknown glucose concentrations, and pure water
as a reference were used.

[0108] The irradiation of light onto the quartz cell was carried out after making light emitted from a halogen lamp close
to parallel light using a lens, and then converting into linearly polarized light using a polarizer. The wavelength of the
irradiated light was fixed at 1064 nm.

[0109] The transmitted light was received by a photodiode in both a state in which a magnetic field was applied onto
the quartz cell and a state in which a magnetic field was not applied.

[0110] The application of the magnetic field onto the quartz cell was carried out using neodymium magnets (width 30
mm, height 50 mm, thickness 10 mm) such that the magnetic flux density at the center of the luminous flux of the light
irradiated onto the quartz cell was 400 gauss, and the modulation frequency was 60 Hz.

[0111] At the photodiode, targeted rotated light was received after filtering the transmitted light from the quartz cell
into linearly polarized light having a targeted oscillation plane using an analyzer.

[0112] The analyzer was disposed with the polarization axis thereof shifted by 5° from a reference, the reference being
taken as the orientation of the polarization axis at the extinction point.

[0113] As can be seen from FIG. 9, even in the case that the measurement wavelength was fixed, a good correlation
was obtained with the case in which the blood sugar value measuring device was used. Moreover, in the present
experiments, plasma containing noise components was used as the samples, and the glucose concentration was cal-
culated through an abridged procedure ignoring the Noise(A) term in equation (2). It is thus thought that results correlating
yet better with the measurement results from the blood sugar value measuring device would be obtained if calculations
taking the Noise(\A) term into consideration were carried out

[Example 3]

[0114] In the present example, the coefficient o in equation (2) was determined essentially as in Example 1, except
that a titanium sapphire laser oscillator (made by Spectra-Physics) was used as the light source. The results are shown
in FIG 10.

[0115] It should be noted, however, that six glucose solutions of concentration 0 mg/dL (= pure water as a reference),
10 mg/dL, 20 mg/dL, 50 mg/dL, 100 mg/dL and 300 mg/dL were used as samples. Moreover, the application of the
magnetic field onto the quartz cell was carried out with a modulation frequency of 60 Hz such that the magnetic flux
density at the center of the luminous flux of the light irradiated onto the quartz cell was 1000 gauss.

[0116] In FIG. 10, the horizontal axis shows the glucose concentration, and the vertical axis shows the coefficient o;
a good correlation is seen between the glucose concentration and the coefficient o.. The constitution of the light irradiating
section differs greatly between Example 1 and Example 3, and the result of this appears as a difference in the degree
of linearity between Example 1 (FIG. 8) and Example 3 (FIG. 10). It is thus thought that by irradiating light having a high
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degree of parallelity onto the object of measurement as in the present example, the measurement precision can be
improved.

[Example 4]

[0117] Inthe presentexample, glucose concentration was measured using subjects’ fingers as objects of measurement.
Theresults are showninFIG. 11. In FIG. 11, again glucose concentrations measured using a blood sugar value measuring
device as in Example 2 are shown as reference values on the horizontal axis.

[0118] There were a total of four subjects, three men (one in his 30’s, two in their 40’s) and one woman (in her 30’s),
all of the subjects being healthy persons.

[0119] The glucose concentration measurement site was made to be the tip of the little finger, and the glucose con-
centration was measured before and after each subject had a meal.

[0120] Light of wavelength 1064 nm was made close to parallel light using a lens, and then converted into linearly
polarized light using a polarizer, before being irradiated onto the fingertip.

[0121] The light transmitted through the fingertip was passed through an analyzer, and then received by a photodiode
in both a state in which a magnetic field was not applied onto the finger tip and a state in which a magnetic field was
applied onto the finger tip.

[0122] The analyzer was disposed with the polarization axis thereof shifted by 15° from a reference, the reference
being taken as the orientation of the polarization axis at the extinction point.

[0123] Regarding the magnetic field applied to the fingertip, the magnetic flux density at the center of the luminous
flux of the lightirradiated onto the fingertip was made to be 400 gauss, and the modulation frequency was made to be 60 Hz.
[0124] As a reference, a 1% lipid emulsion (for intravenous use) was used.

[0125] Ascanbe seenfromFIG. 11, some correlation is seen between the reference values and the calculated values,
although the errors are somewhat large. With the present measurement results, as in the case of Example 2, it is thought
that there was a problem with the degree of parallelity of the light irradiated onto the fingertips, and moreover it is also
thought that there was a problem with the way of setting the reference. That is, the reference in the present example
was an emulsion rather than pure water, and hence the reference was made to be one that takes into consideration the
effects of noise components, but it is thought that this was not sufficient in the case of measurements on fingertips. It is
thought that if, in the future, the problem of the degree of parallelity of the irradiated light can be resolved, and a suitable
reference can be selected, then it will be possible to measure the glucose concentration accurately.

Claims
1. A component concentration measurement method, comprising:

a first step of irradiating linearly polarized light onto an object of measurement with the object of measurement
in a first magnetic field state, and detecting a state of light from the object of measurement at this time, the first
magnetic field state being a magnetic-field-modulated state obtained by applying a magnetic field to the object
of measurement from outside;

a second step of irradiating linearly polarized light onto the object of measurement with the object of measurement
in a second magnetic field state different from the first magnetic field state, the second magnetic field state
being a state in which a magnetic field is not applied to the object of measurement, and detecting a state of
light from the object of measurement at this time;

wherein in the first and second steps, the state of light from the object of measurement is detected after making
the light into linearly polarized light using an analyzer, wherein in the first and second steps, the state of light
from the object of measurement is detected as the absorbance or the amount of light, and wherein in the first
and second steps, a spectrum is obtained by measuring the absorbance or the amount of light at a plurality of
wavelengths for the object of measurement and a reference; and

a third step of calculating the concentration of a target component based on a detection result in the first step
and a detection result in the second step; wherein in the third step, the concentration of the target component
is calculated based on the difference A between the absorbance or the amount of light measured in the first
step and the absorbance or the amount of light measured in the second step, and wherein in the third step, the
difference A is obtained as a spectrum, and the coefficient o, and the coefficient B, in following equation (3)
are determined, and the concentration of the target componentiis calculated based on the coefficients o, and B,
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Difference A = oaxXy + PBoxY¥Ys - (3)

X,: Spectrum of change in absorbance due to change in state of optical rotation for target component
between first and second magnetic field states,

Y,: Spectrum of change in absorbance due to state of optical rotation for at least one component other than
target component between first and second magnetic field states.

The component concentration measurement method according to claim 1, wherein the first magnetic field state is
attained by applying a magnetic field to the object of measurement such that the magnetic flux density at the center
of the luminous flux of the light irradiated onto the object of measurement is 10-2 to 103 T (tesla).

The component concentration measurement method according to claim 1, wherein the analyzer is disposed so as
to selectively transmit light having a different oscillation plane to the oscillation plane of the light irradiated onto the
object of measurement.

The component concentration measurement method according to claim 3, wherein the analyzer is disposed in a
state with the polarization axis thereof shifted by 1.0 to 10.0° in terms of the absolute value from a position of the
polarization axis of the analyzer at which the amount of light transmitted by the analyzer is lowest when light is
irradiated onto the object of measurement in the second magnetic field state.

The component concentration measurement method according to claim 1, wherein the absorbance or the amount
of light is measured based on light transmitted through the object of measurement.

The component concentration measurement method according to claim 1, wherein X, is determined by subtracting
the spectrum of the change in the absorbance for the reference from the spectrum of the change in the absorbance
for the object of measurement, and

wherein Y, is determined as the spectrum of the change in the absorbance for the reference.

The component concentration measurement method according to claim 1, wherein in measuring blood sugar value,
X5 in equation (3) is determined as the spectrum of the change in the absorbance due to a change in the state of
optical rotation for glucose between the first and second magnetic field states, and the calculation is carried out with
the term B,XY, in equation (3) represented by following equation (4),

BoxYy = Pai1xY¥21 + P22XYzz +Ba3x¥z3 --:(4),
wherein in equation (4), B4, Byo and B,3 are respectively a coefficient for plasma, a coefficient for oxyhemoglobin
and a coefficient for reduced hemoglobin, and
wherein Y,4, Yo, and Y,3 are respectively the spectrum of the change in the absorbance due to a change in the
state of optical rotation for plasma, oxyhemoglobin and reduced hemoglobin between the first and second magnetic
field states.

The component concentration measurement method according to claim 1, wherein the reference is pure water.

The component concentration measurement method according to claim 1, wherein the coefficients o, and B, are
determined based on a singular value decomposition procedure.

The component concentration measurement method according to claim 1, wherein the target component of which
the concentration is measured is glucose.

The component concentration measurement method according to claim 10, wherein the wavelength of the light
irradiated onto the object of measurement is selected from a range of 780 to 1320 nm.

A component concentration measurement device, comprising:

a magnetic field applier for magnetically causing an object of measurement from outside into a first magnetic
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field state and a second magnetic field state, the first magnetic field state being a magnetic-field-modulated
state obtained by applying a magnetic field to the object of measurement fromoutside, the second magnetic
field state being different from the first magnetic field state, the second magnetic field state being in a state in
which a magnetic field is not applied to the object of measurement;

a light irradiator for irradiating linearly polarized light onto the object of measurement in the first and second
magnetic field states, respectively, wherein the light irradiator is adapted to irradiate light at a plurality of wave-
lengths;

a light receiver for receiving light from the object of measurement in the first and second magnetic field states,
respectively;

an analyzer for making light to be received by the light receiver into linearly polarized light; and

a calculator for calculating concentration of a target component contained in the object of measurement based
on a result of light reception by the light receiver and using a method of calculation as defined in the third step
of claim 1.

The component concentration measurement device according to claim 12, wherein the light irradiator comprises a
laser light source.

The component concentration measurement device according to claim 13 wherein the light irradiator comprises a
titanium sapphire laser.

The component concentration measurement device according to claim 12, wherein the analyzer has a polarization
axis thereof disposed so as to selectively transmit linearly polarized light having a different oscillation plane from
an oscillation plane of the linearly polarized light emitted from the light irradiator.

The component concentration measurement device according to claim 12, further comprising a controller for con-
trolling the intensity of the magnetic field applied by the magnetic field applier.

The component concentration measurement device according to claim 12, wherein the magnetic field applier com-
prises a rotating magnetic plate or an electromagnet.

The component concentration measurement device according to claim 12, further comprising a fixer for fixing the
light irradiator, the magnetic field applier and the light receiver with a desired positional relationship relative to a
predetermined site on a human body.

The concentration measurement device according to claim 18, wherein the fixer is constituted such as to be suitable
for fixing onto a fingertip or an earlobe.

Patentanspriiche

1.

Komponentenkonzentrations-Messverfahren, das umfasst:

einen ersten Schritt des Strahlens bzw. Einstrahlens von linear polarisiertem Licht auf ein Messobjekt, wobei
das Messobijekt in einem ersten Magnetfeldzustand ist, und des Detektierens eines Zustands von Licht von
dem Messobjekt zu diesem Zeitpunkt, wobei der erste Magnetfeldzustand ein Zustand mit moduliertem Ma-
gnetfeld ist, der durch Anlegen eines Magnetfelds an das Messobjekt von auf3en erhalten wird;

einen zweiten Schritt des Strahlens von linear polarisiertem Licht auf das Messobjekt, wobei das Messobjekt
in einem von dem ersten Magnetfeldzustand verschiedenen zweiten Magnetfeldzustand ist, wobei der zweite
Magnetfeldzustand ein Zustand ist, in dem an das Messobjekt kein Magnetfeld angelegt wird, und des Detek-
tierens eines Zustands von Licht von dem Messobjekt zu diesem Zeitpunkt;

wobei in dem ersten und in dem zweiten Schritt der Zustand von Licht von dem Messobjekt detektiert wird,
nachdem das Licht unter Verwendung eines Analysators zu linear polarisiertem Licht gemacht worden ist, wobei
in dem ersten und dem zweiten Zustand der Zustand von Licht von dem Messobjekt als das Absorptionsver-
mogen oder die Lichtmenge detektiert wird, und wobei in dem ersten und dem zweiten Schritt durch Messen
des Absorptionsvermdgens bzw. der Lichtmenge bei mehreren Wellenlangen fir das Messobjekt und eine
Referenz ein Spektrum erhalten wird; und

einen dritten Schritt des Berechnens der Konzentration einer Zielkomponente auf der Basis bzw. anhand eines
Detektionsergebnisses in dem ersten Schritt und eines Detektionsergebnisses in dem zweiten Schritt; wobei
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in dem dritten Schritt die Konzentration der Zielkomponente anhand der Differenz A zwischen dem Absorpti-
onsvermdgen oder der Lichtmenge, das bzw. die im ersten Schritt gemessen wird, und dem Absorptionsver-
mogen oder der Lichtmenge, das bzw. die im zweiten Schritt gemessen wird, berechnet wird und wobei im
dritten Schritt die Differenz A als ein Spektrum erhalten wird und der Koeffizient o., und der Koeffizient 3, in der
folgenden Gleichung (3) bestimmt werden und die Konzentration der Zielkomponente anhand der Koeffizienten
o, und B, berechnet wird,

Differenz A = a; x X3 + Bz x Y, w(3)

X,: Spektrum der Anderung des Absorptionsvermégens aufgrund einer Anderung des Zustands der optischen
Drehung der Zielkomponente zwischen dem ersten und dem zweiten Magnetfeldzustand,

Y5: Spektrum der Anderung des Absorptionsvermégens aufgrund des Zustands der optischen Drehung wenig-
stens einer von der Zielkomponente verschiedenen Komponente zwischen dem ersten und dem zweiten Ma-
gnetfeldzustand.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei der erste Magnetfeldzustand durch Anlegen
eines Magnetfelds an das Messobjekt in der Weise, dass die Magnetflussdichte im Zentrum des Lichtstroms des
auf das Messobjekt gestrahlten Lichts im Bereich von 102 bis 10-3 T (Tesla) liegt, erhalten wird.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei der Analysator so angeordnet ist, dass er
wahlweise Licht durchlasst, das eine andere Oszillationsebene als die Oszillationsebene des auf das Messobjekt
gestrahlten Lichts besitzt.

Komponentenkonzentrations-Messverfahren nach Anspruch 3, wobei der Analysator in einem Zustand angeordnet
ist,in dem seine Polarisationsachse dem Absolutwert nach um 1,0 bis 10,0° aus einer Position der Polarisationsachse
des Analysators, in der die durch den Analysator durchgelassene Lichtmenge am niedrigsten ist, wenn Licht auf
das Messobjekt im zweiten Magnetfeldzustand gestrahlt wird, verschoben ist.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei das Absorptionsvermégen oder die Lichtmen-
ge anhand von Licht gemessen wird, die durch das Messobjekt durchgelassen wird.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei X, durch Subtrahieren des Spektrums der
Anderung des Absorptionsvermégens fiir die Referenz von dem Spektrum der Anderung des Absorptionsvermégens
fur das Messobjekt bestimmt wird und

wobei Y, als das Spektrum der Anderung des Absorptionsvermégens fiir die Referenz bestimmt wird.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei bei der Messung des Blutzuckerwerts X, in
Gleichung (3) als das Spektrum der Anderung des Absorptionsvermégens aufgrund einer Anderung des Zustands
der optischen Drehung von Glukose zwischen dem ersten und dem zweiten Magnetfeldzustand bestimmt wird und
die Berechnung mit dem Ausdruck B, X Y, in Gleichung (3) ausgefiihrt wird, wie durch die folgende Gleichung (4)
dargestellt wird:

Bz XY, = le XY, t+ Bzz XY, + Bzz X Y5, w(4)

wobei in Gleichung (4) B,4, B>, und Bo5 ein Koeffizient fiir Plasma bzw. ein Koeffizient fir Oxihdmoglobin bzw. ein
Koeffizient fiir reduziertes Hamoglobin sind, und

wobei Yy4, Yo, und Y,3 das Spektrum der Anderung des Absorptionsvermégens aufgrund einer Anderung des
Zustands der optischen Drehung von Plasma bzw. Oxihdmoglobin bzw. reduziertem Hamoglobin zwischen dem
ersten und dem zweiten Magnetfeldzustand sind.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei die Referenz reines Wasser ist.

Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei die Koeffizienten o, und B, anhand einer
Prozedur des Zerlegens eines singularen Wertes bestimmt werden.
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Komponentenkonzentrations-Messverfahren nach Anspruch 1, wobei die Zielkomponente, deren Konzentration
gemessen wird, Glukose ist.

Komponentenkonzentrations-Messverfahren nach Anspruch 10, wobei die Wellenldnge des Lichts, das auf das
Messobjekt gestrahlt wird, im Bereich von 780 bis 1320 nm gewahlt wird.

Komponentenkonzentrations-Messvorrichtung, mit:

einer Magnetfeld-Anlegeeinrichtung, um ein Messobjekt von aulRen magnetisch zu veranlassen, einen ersten
Magnetfeldzustand oder einen zweiten Magnetfeldzustand anzunehmen, wobei der erste Magnetfeldzustand
ein Zustand mit moduliertem Magnetfeld ist, der durch Anlegen eines Magnetfelds an das Messobjekt von
aulen erhalten wird, und der zweite Magnetfeldzustand von dem ersten Magnetfeldzustand verschieden ist,
wobei der zweite Magnetfeldzustand ein Zustand ist, in dem an das Messobjekt kein Magnetfeld angelegt wird;
einer Lichtstrahleinrichtung, um linear polarisiertes Licht auf das Messobjekt im ersten bzw. im zweiten Ma-
gnetfeldzustand zu strahlen, wobei die Lichtstrahleinrichtung dazu ausgelegt ist, Licht mit mehreren Wellenlan-
gen auszustrahlen;

einem Lichtempfanger, um Licht von dem Messobjekt im ersten bzw. im zweiten Magnetfeldzustand zu emp-
fangen;

einem Analysator, um Licht, das von dem Lichtempfanger empfangen werden soll, zu linear polarisiertem Licht
zu machen; und

einem Rechner, um die Konzentration einer in dem Messobjekt enthaltenen Zielkomponente anhand eines
Ergebnisses des Lichtempfangs durch den Lichtempfanger und der Verwendung eines Berechnungsverfahrens,
wie im dritten Schritt von Anspruch 1 definiert, zu berechnen.

Komponentenkonzentrations-Messvorrichtung nach Anspruch 12, wobei die Lichtstrahleinrichtung eine Laserlicht-
quelle enthalt.

Komponentenkonzentrations-Messvorrichtung nach Anspruch 13, wobei die Lichtstrahleinrichtung einen Titan-Sa-
phir-Laser enthalt.

Komponentenkonzentrations-Messvorrichtung nach Anspruch 12, wobei der Analysator eine Polarisationsachse
besitzt, die so angeordnet ist, dass wahlweise linear polarisiertes Licht durchgelassen wird, das eine Oszillations-
ebene besitzt, die von einer Oszillationsebene des von der Lichtstrahleinrichtung ausgesendeten linear polarisierten
Lichts verschieden ist.

Komponentenkonzentrations-Messvorrichtung nach Anspruch 12, die ferner eine Steuereinheit enthalt, um die Star-
ke des durch die Magnetfeldanlegeeinrichtung angelegten Magnetfelds zu steuern.

Komponentenkonzentrations-Messvorrichtung nach Anspruch 12, wobei die Magnetfeldanlegeeinrichtung eine ro-
tierende Magnetplatte oder einen Elektromagneten enthalt.

Komponentenkonzentrations-Messvorrichtung nach Anspruch 12, die ferner eine Befestigungseinrichtung enthalt,
um die Lichtstrahleinrichtung, die Magnetfeldanlegeeinrichtung und den Lichtempféanger mit einer gewiinschten
raumlichen Beziehung relativ zu einem Ort eines menschlichen Kérpers zu befestigen.

Konzentrationsmessvorrichtung nach Anspruch 18, wobei die Befestigungseinrichtung so beschaffen ist, dass sie
fur die Befestigung an einer Fingerspitze oder einem Ohrldppchen geeignet ist.

Revendications

1.

Procédé de mesure de concentration de composant, comprenant :

une premiére étape consistant a rayonner une lumiére polarisée linéairement sur un objet de mesure, I'objet
de mesure étant dans un premier état de champ magnétique, et détecter un état de la lumiére provenant de
I'objet de mesure a cetinstant, le premier état de champ magnétique étant un état de champ magnétique modulé
obtenu en appliquant un champ magnétique a I'objet de mesure a partir de I'extérieur ;

une deuxiéme étape consistant a rayonner une lumiére polarisée linéairement sur I'objet de mesure, I'objet de
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mesure étant dans un deuxiéme état de champ magnétique différent du premier état de champ magnétique,
le deuxieme état de champ magnétique étant un état dans lequel un champ magnétique n’est pas appliqué a
I'objet de mesure, et détecter un état de la lumiére provenant de I'objet de mesure a cet instant ;

dans lequel, aux premiére et deuxieme étapes, I'état de la lumiére provenant de I'objet de mesure est détecté
aprés avoir fait de la lumiére une lumiéere polarisée linéairement en utilisant un analyseur, dans lequel, aux
premiéere et deuxieme étapes, I'état de la lumiere provenant de I'objet de mesure est détecté en tant qu’absor-
bance ou quantité de lumiere, et dans lequel, aux premiére et deuxieme étapes, un spectre est obtenu en
mesurant 'absorbance ou la quantité de lumiére a une pluralité de longueurs d’onde pour I'objet de mesure et
une référence ; et

une troisieme étape consistant a calculer la concentration d’'un composant cible sur la base d’un résultat de
détection a la premiére étape et d’un résultat de détection a la deuxiéme étape ; dans lequel, a la troisi€me
étape, la concentration du composant cible est calculée sur la base de la différence A entre I'absorbance ou la
quantité de lumiere mesurée a la premiere étape et’absorbance ou la quantité de lumiére mesurée ala deuxiéme
étape, et dans lequel, & la troisiéme étape, la différence A est obtenue en tant que spectre, et le coefficient o,
et le coefficient B, dans I'’équation (3) suivante sont déterminés, et la concentration du composant cible est
calculée sur la base des coefficients o, et f3,,

Difference A = a2xXo + B2xY2 ... (3)

X,: spectre de variation de 'absorbance du fait d’une modification de I'état de rotation optique pour un composant
cible entre les premier et deuxieme états de champ magnétique,

Y, : spectre de variation de I'absorbance du fait de I'état de rotation optique pour au moins un composant autre
que le composant cible entre les premier et deuxieme états de champ magnétique.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel le premier état de champ
magnétique est atteint en appliquant un champ magnétique a I'objet de mesure de sorte que la densité de flux
magnétique au centre du flux lumineux de la lumiére rayonnée sur I'objet de mesure soit de 102 &4 103 T (tesla).

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel I'analyseur est disposé
de maniére a transmettre de maniére sélective une lumiére ayant un plan d’oscillation différent du plan d’oscillation
de la lumiére rayonnée sur I'objet de mesure.

Procédé de mesure de concentration de composant selon la revendication 3, dans lequel I'analyseur est disposé
dans un état avec I'axe de polarisation de celui-ci décalé de 1,0 a 10,0° en termes de la valeur absolue par rapport
a une position de I'axe de polarisation de I'analyseur a laquelle la quantité de lumiére transmise par I'analyseur est
la plus faible lorsqu’une lumiére est rayonnée sur I'objet de mesure dans le deuxieme état de champ magnétique.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel I'absorbance ou la quantité
de lumiére est mesurée sur la base d’'une lumiére transmise a travers I'objet de mesure.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel X, est déterminé en
soustrayant le spectre de la variation de I'absorbance pour la référence du spectre de la variation de I'absorbance
pour I'objet de mesure, et

dans lequel Y, est déterminé en tant que spectre de la variation de I'absorbance pour la référence.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel, lors de la mesure de la
valeur de glycémie, X, dans I'équation (3) est déterminé en tant que spectre de la variation de I'absorbance du fait
d’'une variation de I'état de rotation optique pour le glucose entre les premier et deuxiéme états de champ magnétique,
et le calcul est effectué avec I'expression B,xY, dans I'’équation (3) représentée par I'équation (4) suivante,

B2xY2 = B21xY21 + P22xY22 + P23xYo3 ... (4),

dans lequel, dans I'équation (4), Bo4, Boo et Bog sont respectivement un coefficient pour le plasma, un coefficient
pour 'oxyhémoglobine et un coefficient pour I'hémoglobine réduite, et
dans lequel Y4, Yo, €t Yo sont respectivement le spectre de la variation de 'absorbance du fait d’'une variation de
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I'état de rotation optique pour le plasma, 'oxyhémoglobine et 'hémoglobine réduite entre les premier et deuxiéme
états de champ magnétique.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel la référence est’'eau pure.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel les coefficients o, et 35
sont déterminés sur la base d’'une procédure de décomposition en valeurs singuliéres.

Procédé de mesure de concentration de composant selon la revendication 1, dans lequel le composant cible dont
la concentration est mesurée est le glucose.

Procédé de mesure de concentration de composant selon la revendication 10, dans lequel la longueur d’'onde de
la lumiéere rayonnée sur I'objet de mesure est sélectionnée dans une plage de 780 a 1320 nm.

Dispositif de mesure de concentration de composant, comprenant :

un dispositif d’application de champ magnétique pour amener magnétiquement un objet de mesure, a partir de
I'extérieur, dans un premier état de champ magnétique et dans un deuxiéme état de champ magnétique, le
premier état de champ magnétique étant un état de champ magnétique modulé obtenu en appliquant un champ
magnétique a 'objet de mesure a partir de I'extérieur, le deuxieme état de champ magnétique étant différent
du premier état de champ magnétique, le deuxieme état de champ magnétique étant un état dans lequel un
champ magnétique n’est pas appliqué a I'objet de mesure ;

un dispositif de rayonnement de lumiére pour rayonner une lumiére polarisée linéairement sur 'objet de mesure
dans les premier et deuxieme états de champ magnétique, respectivement, dans lequel le dispositif de rayon-
nement de lumiere est congu pour rayonner une lumiére a une pluralité de longueurs d’onde ;

un récepteur de lumiere pour recevoir une lumiére de I'objet de mesure dans les premier et deuxieme états de
champ magnétique, respectivement ;

un analyseur pour faire de la lumiére a recevoir par le récepteur de lumiére une lumiére polarisée linéairement ; et
un calculateur pour calculer la concentration d’'un composant cible contenu dans I'objet de mesure sur la base
d’'un résultat de réception de lumiére par le récepteur de lumiére et utiliser un procédé de calcul tel que défini
a la troisieme étape de la revendication 1.

Dispositif de mesure de concentration de composant selon la revendication 12, dans lequel le dispositif de rayon-
nement de lumiére comprend une source de lumiére laser.

Dispositif de mesure de concentration de composant selon la revendication 13, dans lequel le dispositif de rayon-
nement de lumiére comprend un laser titane saphir.

Dispositif de mesure de concentration de composant selon la revendication 12, dans lequel I'analyseur a un axe
de polarisation de celui-ci disposé de maniéere a transmettre de maniere sélective une lumiére polarisée linéairement
ayant un plan d’oscillation différent d’'un plan d’oscillation de la lumiére polarisée linéairement émise par le dispositif
de rayonnement de lumiére.

Dispositif de mesure de concentration de composant selon la revendication 12, comprenant en outre un contréleur
pour commander l'intensité du champ magnétique appliqué par le dispositif d’application de champ magnétique.

Dispositif de mesure de concentration de composant selon la revendication 12, dans lequel le dispositif d’application
de champ magnétique comprend une plaque magnétique rotative ou un électroaimant.

Dispositif de mesure de concentration de composant selon la revendication 12, comprenant en outre un dispositif
de fixation pour fixer le dispositif de rayonnement de lumiére, le dispositif d’application de champ magnétique et le

récepteur de lumiére avec une relation de position souhaitée par rapport a un site prédéterminé sur un corps humain.

Dispositif de mesure de concentration selon la revendication 18, dans lequel le dispositif de fixation est constitué
de maniere a étre approprié pour étre fixé sur une extrémité de doigt ou un lobe d’oreille.
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