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(57) ABSTRACT

An object of the present invention is to provide a noninvasive
constituent concentration measuring apparatus and constitu-
ent concentration measuring apparatus controlling method, in
which accurate measurement can be performed by superim-
posing two photoacoustic signals having the same frequency
and reverse phases to nullify the effect from the other con-
stituent occupying large part of the object to be measured. The
constituent concentration measuring apparatus according to
the invention includes light generating means for generating
two light beams having different wavelengths, modulation
means for electrically intensity-modulating each of the two
light beams having different wavelengths using signals hav-
ing the same frequency and reverse phases, light outgoing
means for outputting the two intensity-modulated light beams
having different wavelengths toward a test subject, and acous-
tic wave detection means for detecting an acoustic wave gen-
erated in the test subject by the outputted light.
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CONSTITUENT CONCENTRATION
MEASURING APPARATUS AND
CONSTITUENT CONCENTRATION
MEASURING APPARATUS CONTROLLING
METHOD

TECHNICAL FIELD

[0001] The present invention relates to a noninvasive con-
stituent concentration measuring apparatus and constituent
concentration measuring apparatus controlling method, par-
ticularly to the noninvasive apparatus and method in which
glucose of a blood constituent is set as a measuring object to
measure a concentration of the glucose, i.e., a blood sugar
level in a noninvasive manner.

BACKGROUND ART

[0002] Various methods are proposed to date as the nonin-
vasive constituent concentration measuring method based on
percutaneous irradiation of electromagnetic wave and/or
observation of radiation. In these methods, an interaction
between the objective blood constituent, for example, a glu-
cose molecule in the case of a blood sugar level, and the
electromagnetic waves having a particular wavelength, i.e.,
absorption or scattering is utilized.

[0003] However, the interaction between the glucose and
the electromagnetic wave is weak, there is a limitation to
intensity of the electromagnetic wave with which a living
body can safely beirradiated, and the living body is a scatterer
for the electromagnetic wave. Therefore, satisfactory result is
not obtained so far in the blood sugar level measurement of
the living body.

[0004] An photoacoustic method of irradiating the living
body with the electromagnetic wave to observe an acoustic
wave generated in the living body deserves attention among
the conventional techniques of utilizing the interaction
between the glucose and the electromagnetic wave.

[0005] Thephotoacoustic method is a method of measuring
an amount of molecule in the living body by measuring pres-
sure of the acoustic wave. That is, when the living body is
irradiated with a certain amount of electromagnetic wave, the
electromagnetic wave is absorbed in the molecule contained
in the living body, the acoustic wave is generated by a local
heating of the region irradiated with the electromagnetic
wave followed by thermal expansion, and the pressure of the
acoustic wave depends on the amount of molecule absorbing
the electromagnetic wave. Furthermore among the photoa-
coustic method, a method in which heat is generated in a local
area irradiated with the light, and the thermal expansion
occurs locally without thermal diffusion to generate the
propagating and finally utilized acoustic wave, is called the
direct photoacoustic method.

[0006] Theacoustic wave is a pressure wave propagating in
the living body, and the acoustic wave has a feature that it is
less prone to scattering effect as compared with the electro-
magnetic wave. Therefore, the photoacoustic method is a
noteworthy technique in the blood constituent measurement
of the living body.

[0007] FIGS. 49 and 50 show, configuration examples of
the prior art for constituent concentration measuring appara-
tus in which the photoacoustic method is utilized.

[0008] FIG. 49 shows an example for the first prior art
example in which a light pulse is used as the electromagnetic
wave (for example, see Non-Patent Document 1). In this
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example, blood sugar, i.e., glucose is set as a measuring object
in the blood constituent. In FIG. 49, a drive power supply 604
supplies a pulse-shaped excitation current to a pulse light
source 616, the pulse light source 616 generates a light pulse
having a duration of sub-microsecond, and a living body test
region 610 is irradiated with the light pulse. The light pulse
generates the pulse-shaped acoustic wave called a photoa-
coustic signal in the living body test region 610, and an
ultrasonic detector 613 detects the photoacoustic signal to
convert it into an electric signal proportional to the acoustic
pressure.

[0009] A waveform of the electric signal is observed by a
waveform observing apparatus 620. Since the apparatus 620
1s triggered by a signal synchronized with the excitation cur-
rent, the electric signal proportional to the acoustic pressure is
displayed at a predetermined position on a screen of the
waveform observing apparatus 620, and the signals can be
integrated and averaged.

[0010] Amplitude of the obtained electric signal propor-
tional to the acoustic pressure is analyzed to measure the
amount of blood sugar level, i.e., the amount of glucose in the
living body test region 610. In the example shown in FIG. 49,
the sub-microsecond light pulses are generated in a repetition
up to 1 kHz, averaged measurement for 1024 light pulses
provides the electric signal proportional to the acoustic pres-
sure. However, the sufficient accuracy is not obtained.
[0011] Therefore, an example of the second prior art in
which a continuously intensity-modulated light source is
used is disclosed to increase the accuracy. FIG. 50 shows a
configuration of an apparatus of the second conventional
example (for example, see Patent Document 1). In this
example, the blood sugar is set as the main measuring object,
and multiple light sources having different wavelengths are
used to attempt a measurement with the high accuracy.
[0012] To avoid explanation from becoming complicated,
the operation with the two light sources will be exemplified
with reference to F1IG. 50. In FIG. 50, the light sources having
the different wavelengths, i.e., a first light source 601 and a
second light source 605 are driven to emit continuous light
beams by a drive power supply 604 and a drive power supply
608 respectively.

[0013] The light beams output from the first light source
601 and the second light source 605 are modulated by a
chopper plate 617 which is driven by a motor 618 and rotated
at the constant number of revolutions. The chopper plate 617
is made of an opaque material, a shaft of the motor 618 is
positioned at the center of concentric circles, of which cir-
cumferences where the light beams of the first light source
601 and the second light source 605 pass respectively have
mutually-indivisible numbers of apertures.

[0014] The light beams output from the first light source
601 and the second light source 605 are intensity-modulated
by a mutually indivisible modulation frequency f, and a
modulation frequency f,, the light beams are combined by a
coupler 609, and the living body test region 610 is irradiated
by the combined light beam.

[0015] Inthe living body test region 610, the photoacoustic
signal having the frequency f; is generated by the light of the
first light source 601, and the photoacoustic signal having the
frequency f, is generated by the light of the second light
source 605. The photoacoustic signals are detected by an
acoustic sensor 619 and converted into the electric signals
proportional to the acoustic pressures, and frequency spec-
trum is observed by a frequency analyzer 621.
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[0016] In the example, all the wavelengths of the multiple
light sources are set at absorption wavelengths of glucose, and
photoacoustic signal intensity at each wavelength is mea-
sured as the electric signal corresponding to the amount of
glucose contained in the blood.
[0017] In this configuration, a relationship between the
measured intensity of the photoacoustic signal and the glu-
cose concentration measured from the separately collected
blood are previously stored to measure the glucose amount
from the observed value of the photoacoustic signal.
[0018] On the other hand, in health management and treat-
ment, it is important to continuously perform the measure-
ment while the constituent concentration measuring appara-
tus is carried around. Therefore, a portable type or wearable
constituent concentration measuring apparatus is also devel-
oped. The following examples for the third and fourth prior
arts are disclosed as the portable type constituent concentra-
tion measuring apparatus.
[0019] The third example shown in FIG. 51 is an example
mounted on a eyeglasses handle that comes into contact with
the back of an ear (for example, see Patent Document 2). In
FIG. 51, both a light source 500 and an acoustic wave detector
541 are embedded in a contact surface of an apparatus body
540 with a living body 499. In the acoustic wave generated in
the living body 499 by the irradiation light emitted from the
light source 500, a part of the acoustic wave propagating
backward is detected by the acoustic wave detector 541.
[0020] The fourth example shown in FIG. 52 is an example
mounted on an erring (for example, see Patent Document 2).
In FIG. 52, the apparatus body 540 comes into contact with
the living body 499 from both sides, the light source 500 is
embedded in one of the contact surfaces of the apparatus body
540, and the acoustic wave detector 541 is embedded in the
other contact surface. In the acoustic wave generated in the
living body 499 by the irradiated light emitted from the light
source 500, a part of the acoustic wave propagating forward is
detected by the acoustic wave detector 541.
[0021] [Patent Document 1] Japanese Patent Application
Laid-Open (JP-A) No. 10-189
[0022] [Patent Document 2] JP-A No. 8-224228
[0023] [Non-Patent Document 1] Thesis (University of
Ouly, Finland) “Pulse photoacoustic techniques and glu-
cose determination in human blood and tissue”, (IBS951-
42-6690-0, http://herkules.oulu.fi/ishn9514266900/,2002)

DISCLOSURE OF THE INVENTION

Problem to be solved by the Invention

[0024] Inthe above examples, there are the following prob-
lems. In the first prior art, because the measurement is
repeated using the pulse light source, there is a problem that
a long time is required to perform the measurement.

[0025] About two-thirds of a human body or an animal
body is made of water, and water occupies near 80% in the
blood constituent, while a water molecule exhibits significant
absorption of lights having wavelength longer than 1 um. On
the other hand, a glucose molecule exhibits the absorption
characteristics in the light wavelength bands near 1.6 um and
2.1 pm. In a concentration ranging from 50 to 100 mg/d1 (2.8
to 5.6 mM) which is the blood sugar level of a healthy subject,
water has the absorption 1000 times larger than glucose.
Accordingly, in order to measure the blood sugar level, it is
necessary that the measurement is performed with an accu-
racy higher than 0.1%. Usually the accuracy of 5 mg/dl (0.28
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mM) is required for the blood sugar level measurement, so the
necessary accuracy is estimated to be ca. 0.003%. Thus, the
extremely high measurement accuracy is required in order to
measure the blood constituent concentration, particularly in
order to measure the blood sugar level, i.e., the glucose
amount.

[0026] Inthe above prior art, when other constituents in the
blood or the constituent in a non-blood tissue also exhibits the
absorption in the wavelength in which the objective blood
constituent exhibits absorption, in the generated photoacous-
tic signal, the other blood constituents or the constituent in a
non-blood tissue also constibute. Since the photoacoustic
signal which might be generated in a non-blood tissue, is also
added, measurement is highly prone to the ambient distur-
bances. Accordingly, in order to measure the blood constitu-
ent with higher accuracy, the photoacoustic signal generated
in the blood needs to be separated from the other photoacous-
tic signals.

[0027] When the higher accuracy is to be achieved by
repeating and averaging the signals by the pulse light source,
the necessary number of measurements must be increased,
which lengthens a measuring time. For example, even if the
signal is obtained with accuracy of 1% per pulse using the
pulse light source, it is necessary to measure for 110,000
pulses in order to improve the accuracy up to 0.003% by
averaging. In the case where the pulse light source has a
repetition of 1 kHz, 110 seconds are required for the mea-
surement.

[0028] During the blood sugar level measurement, it is
necessary that a subject is kept motionless, which imposes
physical stress to the subject. In the case where a test subject
is an animal, it is extremely difficult to keep the animal
motionless for a long time. In the photoacoustic method mea-
surement, theliving body test region 610 is irradiated with the
light to generate the acoustic wave, and the acoustic wave
propagating in the living body is detected by the ultrasonic
detector 613 shown in FIG. 49 or the acoustic sensor 619
shown in FIG. 50. The ultrasonic detector 613 and the acous-
tic sensor 619 are in contact with the living body test region
610. In order to improve acoustic wave measuring efficiency,
it is necessary to apply a gel containing a large amount of
moisture to the contact surface between a skin of the living
body test region 610 and the ultrasonic detector 613 or the
acoustic sensor 619 to establish a good acoustic coupling. In
this case, fine air bubbles evaporated from the living body test
region 610 are mixed in the gel to result in an error.

[0029] Whena change in relative position happens between
the detector such as the ultrasonic detector 613 or the acoustic
sensor 619 and the living body test region 610, the acoustic
coupling is influenced. Therefore, it is necessary for the sub-
ject to be motionless during the measurement.

[0030] The acoustic pressure measured by the ultrasonic
detector 613 or the acoustic sensor 619 is reversely propor-
tional to a distance between the detection portion where the
ultrasonic detector 613 or the acoustic sensor 619 comes into
contact and the irradiation portion where the living body test
region 610 is irradiated by the light. However, the distance
between the detection portion and the irradiation portion is
easily changed depending on how the ultrasonic detector 613
or the acoustic sensor 619 is pressed against the living body
test region 610. Accordingly, in order to keep the distance
between the detection portion and the irradiation portion con-
stant, it is necessary that the living body test region is con-
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tacted with the ultrasonic detector 613 or the acoustic sensor
619 ata constant pressure and without relative motion as well.
[0031] As described later, the photoacoustic signal of the
living body test region 610 is dependent on specific heat,
thermal expansion coefficient, sound velocity, and the like.
The specific heat, the thermal expansion coefficient, and the
sound velocity are quantities which are changeable by a tem-
perature (body temperature), and above all the thermal expan-
sion coefficient is as sensitive as about 3%/° C. The sound
velocity is also changed by the frequency of the acoustic
wave, and it is also reported that all of the specific heat, the
thermal expansion coefficient, and the sound velocity are
changed depending on the blood sugar level itself.

[0032] Therefore, in the first prior art, it is necessary to
measure at least the body temperature to correct the measured
value of the photoacoustic signal. Compilation of high-accu-
racy basic data for the correction is not an easy task. Even if
such correction data is successfully collected, it takes a long
time to verify the reliability of the blood sugar calculated
using such complicated correction.

[0033] On the other hand, in the second prior art, since the
photoacoustic signals for the multiple different wavelengths
are simultaneously measured, there is a possibility that all of
the changeable factors, such as the acoustic coupling condi-
tion, the distance between the detection portion and the irra-
diation portion, the specific heat, the thermal expansion coef-
ficient, and the sound velocity are eliminated as an unknown
multiplier.

[0034] That is, in the case where absorption coefficients
a,® and o, of the background (water) for the light beams
having a wavelength A, and a wavelength A, and molar
absorption coefficients o, and 0., of the objective blood
constituent (glucose) are already known, simultaneous equa-
tions for measured values S, and S, of the photoacoustic
signal for the wavelengths are expressed as follows:

Cla,P+Ma, P)=s,

ClayP+Ma,Y)=s, [Formula 1]

The formula (1) is solved to compute an unknown blood
constituent concentration (blood sugar level) M where C is an
unknown multiplier containing the above changeable factors.
[0035] M canbecomputed from the formula (1) evenif Cis
unknown. At this point, in the case where the measurements
with third and fourth wavelengths are added, the number of
equations becomes excessive as compared with the number of
unknown numbers. However, even in this case, it is known
that M is obtained as the best solution in the sense of the
least-square method.

[0036] However, the photoacoustic signal is not exactly
linear to the absorption coefficient. As a result, the unknown
multipliers C are not equal to one another between measure-
ments for the wavelength A, and wavelength A, experiencing
different absorption coefficients of the water.

[0037] In the second prior art, the photoacoustic signal
depends also on a modulation frequency f. Accordingly, the
unknown multipliers C are not equal in the photoacoustic
signals generated in the different modulation frequencies.
[0038] Thus, because C inthe first line differs from C in the
second line in the formula (1), usually it is impossible to solve
the formula (1) to determine M. When a functional form of the
unknown multipliers C for the absorption coefficient a, and
the modulation frequency f is completely determined, the
formula (1) would possibly be solved. However, as described
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later, it is found that the functional form itself is possibly
changed by the amount of scattering.

[0039] In the second prior art, because the photoacoustic
signal is not exactly linear to the absorption coefficient, it is
necessary to perform the complicated correction to the mea-
surements for the wavelength A, and wavelength A, experi-
encing different absorption coefficients of the water.

[0040] Inthe second prior art, the photoacoustic signal also
depends on the modulation frequency f. Accordingly, it is
necessary to perform the even more complicated correction to
the measured values of the photoacoustic signals generated
for the different modulation frequencies.

[0041] Inthe second conventional example, there is also the
problem arising from uneven frequency characteristics of the
acoustic sensor 619 between the frequencies f, and f,.
[0042] The unevenness of the frequency characteristics
also results from the following cause. The acoustic wave is
reflected unavoidably by acoustic impedance mismatch atthe
boundary between the examined region of the living body and
a surrounding substance (air in this case). As a result, the
detected photoacoustic signal is influenced by the boundary
reflection according to the shape of the living body test
region, and the frequency of a standing wave of the photoa-
coustic signal varies, so that it is difficult that the constituent
concentration is computed from the detected photoacoustic
signal evenly across individuals.

[0043] In the photoacoustic method, in order to obtain
information on the absorption coefficient c. it is necessary
that the acoustic wave wavelength is shorter than the absorp-
tion lengthof about o~ x2m. In a glucose molecule absorption
band near a light wavelength of 1.6 um, since the water
absorption coefficient is about ¢=0.6 mm™", it is desirable
that the acoustic wave wavelength is 10 mm or less. At this
point, because the sound velocity ¢ is about 1.5 kn/s in water,
it is necessary to use the modulation frequency of 150 kHz or
higher. Similarly for a glucose absorption band near the light
wavelength of 2.1 um, the water absorption coefficient
becomes about four times of that for glucose, the desirable
acoustic wave wavelength is 2.5 mm or less, and the desirable
modulation frequency is 0.6 MHz or higher.

[0044] 1In a view of practicality, there is also the problem
that the intensity modulation at such a high frequency is
realized using the chopper plate 617 rotated by the motor as
described in the second prior art. For an ultrasonic wave
having the wavelength of 10 mm or the wavelength 2.5 mm or
less, the wavelength of the ultrasonic wave is close to a device
size of a normally utilized ultrasonic detector. Therefore, the
standing wave is easily generated and it is very difficult to
realize the detector having flat frequency characteristics. The
detector in which resonant phenomenon is suppressed by a
damper material is available, however, even in this case,
unevenness of about +2 dB still remains in the sensitivity.
[0045] If the frequency dependence of the detector sensi-
tivity is flat, in the second prior art, a difference in sensitivity
between the different modulation frequencies can be cor-
rected. However, the frequency dependence of the detector
sensitivity changes by the temperature, and the frequency
dependence of the detector sensitivity is also changed by the
contact condition between the detector and the living body.
The former is attributable to the change in mechanical coef-
ficient such as Young’s modulus and the size change caused
by the thermal expansion, and the latter is attributable to a
fluctuation in resonant Q value (Quality Factor) due to the
change in degree of the scattering of elastic energy by the
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contact. Accordingly, since certain means or a jig for stabi-
lizing acoustic coupling is required in addition to a thermom-
eter, it is very difficult to exactly correct the difference in
detector sensitivity for different modulation frequencies.
[0046] FIG. 53 shows an example of the change in Q value
of the resonance characteristics in the photoacoustic signal
detector. In FIG. 53, the photoacoustic signal detection sen-
sitivity characteristics indicated by a solid line is changed to
the detection sensitivity characteristics indicated by a broken
line by the change in pressing force between the living body
test region and the photoacoustic signal detector. In the
example shown in FIG. 53, a peak value of the photoacoustic
signal detection sensitivity indicated by the solid line
decreases almost to its half in the one indicated by the broken
line.

[0047] Then, FIG. 54 shows another example of the change
in frequency characteristics of the photoacoustic signal detec-
tor sensitivity. In FIG. 54, the detector sensitivity frequency
characteristics indicated by the solid line shows the state
immediately after the living body test region is brought into
contact with the photoacoustic signal detector. That is, the
photoacoustic signal detector has an ambient air temperature
of, for example, about 20° C., the living body has the body
temperature of, for example, about 36° C., and there 1s a
temperature difference of about 16° C. between these.
[0048] Then, the photoacoustic signal detector sensitivity
frequency characteristics indicated by the broken line of FIG.
54 shows a state when about ten minutes have elapsed. The
peak frequency is changed by about 10 KHz across the pho-
toacoustic signal detector sensitivity frequency characteris-
tics indicated by the solid line and broken line in FIG. 54.
[0049] A technique of utilizing the detector resonance char-
acteristics to achieve the improvement of the detection sen-
sitivity is well known (for example, see Edited by T. Sawada,
“Photoacoustic spectroscopy and its application-PAS”, Japan
Scientific Society Press, 1982). However, in the second prior
art, since the measurements are performed for the multiple
modulation frequencies, it is impossible to utilize the reso-
nance characteristics to improve the sensitivity.

[0050] As described above, in the noninvasive blood con-
stituent concentration measuring method shown in the first
and second prior arts, there are the following problems to be
solved: (1)

[0051] Because many parameters which are hardly kept
constant exist in the measurement, the photoacoustic signal
cannot be converted into the blood constituent concentration
with a sufficient accuracy. (2) Due to the non-linearity in
respect to the absorption coefficient and the modulation fre-
quency dependence, even if the photoacoustic signal is mea-
sured for multiple wavelengths, the photoacoustic signal val-
ues for these multiple wavelengths cannot be converted into
the blood constituent concentration by the simultaneous
equations. (3) Due to the difficulty of the detector frequency
characteristics correction, it is difficult to enhance the sensi-
tivity for the photoacoustic signal detection by applying reso-
nance type detectors. (4) The accuracy of the detected pho-
toacoustic signal is deteriorated due to a boundary reflection
between the test subject and the surrounding thereof, a pres-
sure and vibration imposed to the ultrasonic detection unit,
and a condition on sound collection and a temperature change
in the ultrasonic detection unit.

[0052] On the other hand, in the third prior art, as shown in
FIG. 51, the light source 500 and the acoustic wave detector
541 are placed in the surface in which the apparatus body 540
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is brought into contact with the living body 499. However, the
mounting state shown in FIG. 51 has the following problem to
be solved.

[0053] That is, as described later, in the wearable type con-
stituent concentration measuring apparatus of the invention,
the light having a wavelength longer than 1 um is suitable for
the irradiation of living body. However the moisture occupy-
ing the large part of living body exhibits the strong absorption
for the light having the wavelength longer than 1 pm. There-
fore, in the case where the living body 499 of FIG. 51 is
irradiated with the light source 500, the ultrasonic wave
which is generated by the absorption of the glucose molecule,
is localized in the surface of the irradiated portion immedi-
ately below the light source 500, and the ultrasonic wave is
regarded as a spherical wave. As shown in FIG. 51, it is
difficult to detect the ultrasonic wave using the acoustic wave
detector 541 placed on the same surface next to the light
source 500.

[0054] In the fourth prior art shown in FIG. 52, there is the
following problem to be solved. That is, in the configuration
shown in FIG. 52, assuming that r is a distance between the
light source 500 and the ultrasonic detector 541, a is a light
absorption coefficient of a glucose aqueous solution, and A is
an ultrasonic wave wavelength, it is necessary that the fol-
lowing formula (2) hold in order to measure the glucose
concentration.

r Pa >N

[0055] For instance, provided that the light wavelength
with which the living body 499 is irradiated is set at the
glucose absorption band of about 1.6 um, considering the
water absorption coefficient is approximately =0.6 mm™, it
is desirable that r is 10 mm or more which is sufficiently larger
as compared with 2 mm, and it is also desirable that the
wavelength A of the ultrasonic wave is 10 mm or less.
[0056] In the case where the light wavelength with which
the living body 499 is irradiated is set at the glucose absorp-
tion band of about 2.1 pm, considering the water absorption
coefficient becomes about four times the above case, it is
desirable that r is 2.5 mm or more, and it is also desirable that
the wavelength A of the ultrasonic wave is 2.5 mm or less.
[0057] As shown above, it is necessary that the generated
ultrasonic wave wavelength A is made shorter as compared
with the distance between the light source 500 and the ultra-
sonic detector 541, i.e., a thickness of the living body 499
which is the measurement objective.

[0058] In FIG. 52, since the living body 499 is soft, the
distance between the light source 500 and the ultrasonic
detector 541 is changed according to the force pressing the
ultrasonic detector 541 against the living body 499. The
spherical wave of the ultrasonic wave generated immediately
below the light source 500 includes a portion which directly
reaches the ultrasonic detector 541 and a portion which
reaches the ultrasonic detector 541 after being repeatedly
reflected by the boundary surface between the living body
499 and air.

[0059] Because the wavelength A of the ultrasonic wave is
small compared with the size of the living body 499, even if
the distance is fixed between the light source 500 and the
ultrasonic detector 541, the interference condition between
the direct wave and the multiple indirect waves which reach
the ultrasonic detector 541 changes depending on shape of the
boundary between the living body and air, which affects the
amount of ultrasonic wave detected by the ultrasonic detector
541.

[Formula 2]
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[0060] Thus, in the fourth prior art, there is a problem that
the error is caused on the ultrasonic wave detected by the
ultrasonic detector 541 even if the shape of the living body
499 is slightly changed during the measurement.

[0061] On the other hand, in the photoacoustic method,
there is a following problem. In the photoacoustic method, the
desirable frequency of acoustic wave to detect depends on an
object of the measurement. When the blood in the living body
is set as the measurement object, it is desirable that the fre-
quency of the acoustic wave to detect is the ultrasonic wave
near several hundreds kilohertz. However, when the ultra-
sonic wave reaches the boundary from a medium 1 to a
medium 2, there happen two phenomena. One of the phenom-
ena is transmission across the boundary. The other is the
reflection on the boundary surface. When the media consid-
erably differ from each other in terms of the acoustic imped-
ance, the large part of ultrasonic waves is reflected at the
boundary surface and the transmission hardly occurs. Here,
assuming that 7, is the acoustic impedance of the medium 1
and Z, is the acoustic impedance of the medium 2, a reflec-
tance R is expressed by the following formula (3).

R L -7 [Formula 3]
- h+7;
[0062] Let us consider the reflectance when a finger of a

human body is set as the test subject. FIG. 55 is a sectional
view of a human finger. As shown in FIG. 55, in the human
finger, a muscle 214 exists in the center of a bone 213, the
bone 213 is surrounded by a fat 215, and the surroundings of
the fat 215 are covered with cuticle 216. Table 1 shows acous-
tic impedance of each of these.

TABLE 1
Sound velocity Acoustic
Region (mm/s) impedance
Cuticle 1470 1.58
Fat 1490 1.6
Muscle 1600 21
Bone 4000 7.8

[0063] The reflectance amounts 65% at the boundary
between the bone 213 and the fat 215, when the reflectance is
computed from the acoustic impedance using the formula (3).
Therefore, the large part of acoustic waves impinging on the
bone 213 are reflected and scattered.

[0064] FIG.56 shows an example in which the photoacous-
tic signal is reflected and scattered by the bone. FIG. 56 is a
sectional view showing human finger, FIG. 56(a) shows how
the photoacoustic signal is scattered by the bone, and FIG.
56(b) shows how the photoacoustic signal is attenuated by the
bone. As shown in FIG. 56(a), when a line extending the path
ofan excitation light 219 incident to the finger completely hits
the bone 213, the photoacoustic signal is scattered and the
photoacoustic signal can hardly be detected by adetector 220.
As shown in FIG. 56(4), when the bone 213 exists near the
extended path of the excitation light 219, since a part of the
photoacoustic signal is scattered, the intensity detected by the
detector 220 is decreased. Thus, in the conventional photoa-
coustic method, there is the problem that the photoacoustic
signal intensity varies across measurements by the influence
of the reflection and scattering.
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[0065] 1In the photoacoustic method where the acoustic
wave propagating through the test subject is detected, it is
necessary that the test subject and the detector 220 are
brought into close contact with each other. The acoustic wave
loss at the boundary surface between the test subject and the
detector 220 changes depending on the contact pressure.
Thus, there is also the problem that the photoacoustic signal
intensity varies across each measurement by the change in
pressing force.

[0066] In view of the foregoing problems, an object of the
invention is to provide a noninvasive constituent concentra-
tion measuring apparatus and a constituent concentration
measuring apparatus controlling method, in which the blood
constituent concentration can accurately be measured, the
high-sensitive measurement can also be performed using
resonance type detector, the measurement can be performed
in a short time so as not to place a burden on a subject, and the
apparatus is compact so as to be attachable to a living body
test region.

[0067] Another object of the invention is to provide a non-
invasive constituent concentration measuring apparatus and a
constituent concentration measuring apparatus controlling
method.

Means for Solving Problem

[0068] A constituent concentration measuring apparatus
according to one aspect of the present invention is character-
ized by comprising light generating means for generating
light; frequency sweep means for sweeping a modulation
frequency, the light generated by the light generating means
being modulated in the modulation frequency; light modula-
tion means for electrically intensity-modulating the light
using a signal from the frequency sweep means, the light
being generated by the light generating means; light outgoing
means for outputting the intensity-modulated light toward an
object to be measured; acoustic wave detection means for
detecting an acoustic wave which is generated in the object to
be measured by the outputted light; and integration means for
integrating the acoustic wave in a swept modulation fre-
quency range, the acoustic wave being detected by the acous-
tic wave detection means.

[0069] Inoneaspectoftheinvention, the lightis electrically
intensity-modulated using the modulation signal whose fre-
quency is swept in a predetermined range, the object to be
measured is irradiated with the intensity-modulated light to
detect the photoacoustic signal which is an acoustic wave
generated in the object to be measured by the irradiation light,
and the detected photoacoustic signal is integrated to com-
pute the constituent concentration which is the measurement
objective in the object to be measured. Thus the change in
sensitivity characteristics of the acoustic wave detection
means can be tracked to measure the constituent concentra-
tion which is the measurement objective at the frequency
where the optimal sensitivity is attainable.

[0070] A constituent concentration measuring apparatus
according to one aspect of the invention comprising light
generating means for generating light; light modulation
means for electrically intensity-modulating the light at a con-
stant frequency, the light being generated by the light gener-
ating means; light outgoing means for outputting the intensity
modulated light toward an object to be measured, the intensity
modulated light being intensity-modulated by the light modu-
lation means; and acoustic wave detection means for detect-
ing an acoustic wave which is emitted from the object to be



US 2013/0118262 Al

measured irradiated with the intensity modulated light, the
constituent concentration measuring apparatus characterized
in that an acoustic matching substance and the object to be
measured can be arranged between the light outgoing means
and the acoustic wave detection means, the acoustic matching
substance having acoustic impedance substantially equal to
that of the object to be measured.

[0071] One aspect of the invention is characterized in that
the photoacoustic signal is detected under the environment
whose acoustic impedance is substantially equal to that of the
object to be measured. The object to be measured is irradiated
with a light intensity modulated at a constant frequency, the
photoacoustic signal which is the acoustic wave emitted from
the object to be measured is detected to measure the concen-
tration of a particular constituent contained in the liquid by
the acoustic wave detection means though the acoustic
matching substance. The acoustic wave detection means
detects the photoacoustic signal through the acoustic match-
ing substance, which alleviates the signal loss caused by
reflection of the acoustic wave. The reflection of the photoa-
coustic signal is caused by a boundary reflection between the
object to be measured and surroundings, and the reflection of
the photoacoustic signal also occurs at the contact between
the object to be measured and the acoustic wave detection
means. Here the object to be measured and the acoustic
matching substance having the acoustic impedance substan-
tially equal to that of the object to be measured can be
arranged between the light outgoing means and the acoustic
wave detection means. Thus reflection at the boundary
between the object to be measured and the surroundings can
be decreased.

[0072] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating light; light
modulation means for electrically intensity-modulating the
light at a constant frequency, the light being generated by the
light generating means; light outgoing means for outputting
the intensity modulated light toward an object to be measured,
the intensity modulated light being intensity-modulated by
the light modulation means; acoustic wave detection means
for detecting an acoustic wave which is emitted from the
object to be measured irradiated with the intensity modulated
light; and a container in which a space between the light
outgoing means and the acoustic wave detection means is
filled with an acoustic matching substance having acoustic
impedance substantially equal to that of the object to be
measured.

[0073] By instituting the container filled with the acoustic
matching substance having the acoustic impedance substan-
tially equal to that of the object to be measured, the object to
be measured is arranged in the container filled with the acous-
tic matching substance having the acoustic impedance sub-
stantially equal to that of the object to be measured, and the
photoacoustic signal from the object to be measured can be
detected under the environment in which the object to be
measured is surrounded by the acoustic matching substance.
This configuration leads to an alleviation of the attenuation
which is caused by the reflection of the photoacoustic signal
at the boundary between the object to be measured and the
surroundings as well as at the contact between the object to be
measured and the acoustic wave detection means.

[0074] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means generates
two light beams having different wavelengths, and the light
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modulation means intensity-modulate each of the light beams
into the intensity modulated light beams, the intensity modu-
lated light beams having the same frequency and reverse
phases.

[0075] The influence of the water on the photoacoustic
signal can be removed by using the two intensity modulated
light beams having the different wavelengths for the intensity
modulated light. As for the modulation, the frequencies are
equal and the phases are reversed to one another.

[0076] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating light; light
modulation means for electrically intensity-modulating the
light at a constant frequency, the light being generated by the
light generating means; light outgoing means for outputting
the intensity modulated light toward an object to be measured,
the intensity modulated light being intensity-modulated by
the light modulation means; an acoustic wave generator
which outputs an acoustic wave; and acoustic wave detection
means for detecting the acoustic wave emitted from the object
to be measured, which is irradiated with the intensity modu-
lated light, and the acoustic wave transmitted from the acous-
tic wave generator through the object to be measured.
[0077] One aspect of the invention is characterized in that,
when the constituent concentration which is the measurement
objective of the object to be measured is measured by the
photoacoustic method, the ultrasonic wave (in this case,
referred to as acoustic wave) emitted from the acoustic wave
generator which is placed near irradiation position of the
excitation light, i.e., near the source of photoacoustic signal is
detected as a reference signal to search for the arrangement
which optimizes a positional relationship between the pho-
toacoustic signal source and the acoustic wave detection
means. The photoacoustic signal is detected under the opti-
mum arrangement, which allows the constituent concentra-
tion to be measured using a propagation path which mini-
mizes the adverse influence of scatterers existing in the object
to be measured.

[0078] When the photoacoustic signal is detected in the
arrangement in which the detected acoustic wave signal
intensity becomes a predetermined value such that the attenu-
ation amount of acoustic wave is kept constant, the photoa-
coustic signal can be detected while influences of uncertain
factors are eliminated. The uncertain factors include the
change in influence of the scatterers on the photoacoustic
signal by the change in positional relationship between the
photoacoustic signal generation source and the acoustic wave
detection means as well as by the change at the contact
between the acoustic wave detection means and the object to
be measured. Therefore, the constituent concentration can be
measured with no influence of the many parameters associ-
ated with the positional change of the constituent concentra-
tion measuring apparatus.

[0079] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed using the acoustic wave. Therefore,
the photoacoustic signal can be detected with the optimum
arrangement.

[0080] In searching the optimal arrangement of the devices
in terms of the object to be measured in a measuring system
by the photoacoustic method, means for adjusting the
arrangement is mechanized to operate concurrently with the
acoustic wave detection means, which allows the constituent
concentration measurement to be automated to operate
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always under the optimum arrangement. In the invention, the
intensity modulated light which is modulated by the constant
frequency is used as the excitation light.

[0081] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed using the acoustic wave. Therefore,
the photoacoustic signal can be detected with the optimum
arrangement.

[0082] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating two light
beams having different wavelengths; light modulation means
for electrically intensity-modulating each of the two light
beams having the mutually different wavelengths using sig-
nals having the same frequency and reverse phases; light
outgoing means for outputting the two intensity-modulated
light beams having the mutually different wavelengths
toward an object to be measured; and acoustic wave detection
means for detecting an acoustic wave emitted from the object
to be measured by the outputted light.

[0083] In one aspect of the invention, each of the two light
beams’having the mutually different wavelengths is electri-
cally intensity-modulated using the signals having the same
frequency and reverse phases, so that the acoustic wave cor-
responding to each ofthe two light beams having the mutually
different wavelengths can be detected with no influence from
a frequency dependence of the acoustic wave detection
means.

[0084] One ofthe two light beams generates acoustic wave
having the pressure corresponding to the total absorption in
the state where the constituent of the measuring object and
water are mixed together in the object to be measured, and the
other light beam generates the acoustic wave having the pres-
sure originating only from the water occupying the large part
of the object to be measured, so that the pressure of the
acoustic wave generated only by the constituent of the mea-
suring object is detectable as the difference between two
acoustic waves. As a result, quantity of the constitute in the
measuring object can be measured.

[0085] With the two acoustic wave pressures, one gener-
ated by one of the two light beams corresponding to the total
absorption in the state where the constituent of the measuring
object and water are mixed together in the object to be mea-
sured, while another generated by the other light beam cor-
responding only to the water occupying the large part of the
object to be measured, their frequencies are equal to each
other and the phase are reversed to each other, therefore, the
pressures are superposed to each other in the form of acoustic
wave in the object to be measured, and the difference in
pressure of the acoustic waves is directly detected. Accord-
ingly, the difference in pressure of the acoustic waves can be
obtained more accurately rather than by computing the dif-
ference from separate measurements of the pressure of the
acoustic wave generated by one of the two light beams cor-
responding to the total absorption in the state where the con-
stituent of the measuring object and water are mixed together
in the object to be measured, as well as of the pressure of the
acoustic wave generated by the other light beam correspond-
ing only to the water occupying the large part of the object to
be measured. The above point constitutes a novel advantage
which does not exist in the conventional techniques.

[0086] In one aspect of the invention, the modulation fre-
quency by which the two light beams having the mutually
different wavelengths are electrically intensity-modulated
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can be set to the resonant frequency concerning the detection
of the acoustic wave generated in the object to be measured.
The photoacoustic signal is measured for the two light beams
having mutually different wavelengths are selected by a con-
sideration on the non-linearity regarding to the absorption
coefficient in the measured value of the photoacoustic signal.
Then, the acoustic wave generated in the object to be mea-
sured can be measured with a high accuracy from the mea-
sured values while the influences of the many parameters
which are hardly kept constant, are eliminated.

[0087] In the constituent concentration measuring appara-
tus, the constituent concentration measuring apparatus fur-
ther comprises frequency sweep means for sweeping a modu-
lation frequency, the light generated by the light generating
means being modulated in the modulation frequency; and
integration means for integrating the acoustic wave in a swept
modulation frequency range, the acoustic wave being
detected by the acoustic wave detection means, the constitu-
ent concentration measuring apparatus characterized in that
the light modulation means electrically intensity-modulate
each of the two light beams having the mutually different
wavelengths using the frequency sweep means and with
mutually reverse modulation phases.

[0088] In one aspect of the invention, the photoacoustic
signal generated in the object to be measured is integrated in
the swept modulation signal range. The photoacoustic signal
exploiting the high sensitivity in the frequency corresponding
to the resonance frequency of the acoustic wave detection
means is integrated even if the resonance frequency of the
acoustic wave detection means suffers a drift. Thus the mea-
surement can be performed always with the high-sensitivity
resonance frequency.

[0089] In the constituent concentration measuring appara-
tus, it is desirable that the acoustic wave detection means
track the modulation frequency to detect the acoustic wave
emitted in the object to be measured, the modulation fre-
quency being swept by the frequency sweep means, and the
integration means integrate the acoustic wave in the modula-
tion frequency range where the acoustic wave detection
means has high detection sensitivity, the acoustic wave being
detected by the acoustic wave detection means.

[0090] Inoneaspect ofthe invention, in the case where the
resonance frequency of the acoustic wave detection means
happens to change, the change in resonance frequency of the
acoustic wave detection means in which the detection sensi-
tivity becomes the maximum is determined from the result on
the measurement of the photoacoustic signal emitted in the
object to be measured by the irradiation light which is modu-
lated by the frequency-swept modulation frequency, and the
change in resonance frequency is tracked to integrate the
detected value of the photoacoustic signal near the resonance
frequency.

[0091] In the constituent concentration measuring appara-
tus, it is desirable to further comprise liquid constituent con-
centration computation means for computing a constituent
concentration of a liquid constituent from the acoustic wave
integrated by the integration means, the liquid constituent
being set as a measuring object in the object to be measured.

[0092] Inone aspect of the invention, theoretical or experi-
mental values showing the relationship between the photoa-
coustic signal generated in the object to be measured and the
constituent concentration set as the measuring object are pre-
pared beforehand, and the constituent concentration of the
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measuring object is computed based on the detected value of
the photoacoustic signal generated in the object to be mea-
sured.

[0093] In the constituent concentration measuring appara-
tus, the constituent concentration measuring apparatus fur-
ther comprises an acoustic wave generator which outputs an
acoustic wave, and it is desirable that the acoustic wave detec-
tion means detects the acoustic wave emitted from the object
to be measured as well as said acoustic wave transmitted from
the acoustic wave generator through the object to be mea-
sured.

[0094] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed using the acoustic wave. Therefore,
the photoacoustic signal can be detected with the optimum
arrangement.

[0095] In the constituent concentration measuring appara-
tus, it is desirable to further comprise drive means for varying
atleast one of positions of the acoustic wave generator and the
acoustic wave detection means.

[0096] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed for each propagation path by chang-
ing the acoustic wave propagation path. Thus, the
photoacoustic signal can be detected in the probed optimum
arrangement.

[0097] In the constituent concentration measuring appara-
tus, it is desirable to further comprise control means for
controlling the drive means such that intensity of the acoustic
wave detected by the acoustic wave detection means becomes
a particular value.

[0098] According to one aspect of the invention, the pho-
toacoustic signal is automatically made to be detected in the
probed optimum arrangement.

[0099] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means set the light
wavelengths of the two light beams to two light wavelengths
where an absorption difference exhibited by the liquid con-
stituent set as the measuring object is larger than the absorp-
tion difference exhibited by a solvent.

[0100] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means sets one of
the light wavelengths of the two light beams to a light wave-
length where the liquid constituent set as the measuring
object exhibits characteristic absorption, and the light gener-
ating means sets the other light wavelength to a wavelength
where the solvent exhibits an equal absorption to that for the
one of the light wavelengths.

[0101] One aspect of the invention is the case where the
difference in absorption exhibited by the solvent is set to zero,
in the light generating means in the constituent concentration
measuring apparatus in which the light wavelengths of the
two light beams are set to two light wavelengths so that the
absorption difference exhibited by the liquid constituent set
as the measuring object is larger than the absorption differ-
ence exhibited by the solvent. Therefore, the influence by the
absorption of the solvent can be eliminated.

[0102] In the constituent concentration measuring appara-
tus, it is desirable that the light wavelengths of the two light
beams are set to two wavelengths where an absorption differ-
ence exhibited by the liquid constituent set as the measuring
object is larger than the absorption difference exhibited by
other liquid constituents.
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[0103] In the constituent concentration measuring appara-
tus, it is desirable to further comprise a coupler between the
light outgoing means and the object to be measured, the
coupler combining the outgoing light beams.

[0104] The light can be focused on the measurement
region, so that the photoacoustic signal can efficiently be
generated.

[0105] In the constituent concentration measuring appara-
tus, it is desirable to further comprise rectifying amplification
means for detecting amplitude of the acoustic wave from the
acoustic wave detection means.

[0106] The amplitude of the acoustic wave can be detected
from the detected photoacoustic signal.

[0107] In the constituent concentration measuring appara-
tus, it is desirable to further comprise liquid constituent con-
centration computation means for computing a constituent
concentration of a liquid constituent from pressure of the
detected acoustic wave, the liquid constituent being set as a
measuring object in the object to be measured.

[0108] In the constituent concentration measuring appara-
tus, it is desirable to further comprise recording means for
recording the acoustic wave as a function of the modulation
frequency, the acoustic wave being detected by the acoustic
wave detection means.

[0109] By including the means for recording the photoa-
coustic signal detected by the acoustic wave detection means
for each swept modulation frequency, if the resonance fre-
quency of the acoustic wave detection means happens to
change, still the modulation frequency sweep range of the
irradiating light covers the range in which the resonance
frequency possibly changes, the values measured with high
accuracy can be selected from the detected photoacoustic
signals, which are integrated and averaged to confirm that the
constituent concentration is correctly measured.

[0110] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating light; fre-
quency sweep means for sweeping a modulation frequency,
the light generated by the light generating means being modu-
lated in the modulation frequency; light modulation means
for electrically intensity-modulating the light using a signal
from the frequency sweep means, the light being generated by
the light generating means; light outgoing means for output-
ting the intensity-modulated light toward a test subject;
acoustic wave detection means for detecting an acoustic wave
which is emitted in the test subject by the outputted light; and
integration means for integrating the acoustic wave in a swept
modulation frequency range, the acoustic wave being
detected by the acoustic wave detection means.

[0111] Inoneaspectoftheinvention, the light is electrically
intensity-modulated using the modulation signal whose fre-
quency is swept in a predetermined range, the test subject is
irradiated with the intensity-modulated light to detect the
photoacoustic signal which is an acoustic wave generated in
the test subject by the irradiation light, and the detected pho-
toacoustic signal is integrated to compute the constituent
concentration which is the measurement objective in the test
subject. At this point, the wavelength of the light with which
the test subject is irradiated is set at the wavelength in which
the constituent set as the measuring object exhibits the
absorption. Thus, the change in sensitivity characteristics of
the acoustic wave detection means can be tracked to measure
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the constituent concentration which is the measurement
objective at the frequency where the optimal sensitivity is
attainable.

[0112] A constituent concentration measuring apparatus
according to one aspect of the invention comprising light
generating means for generating light; light modulation
means for electrically intensity-modulating the light at a con-
stant frequency, the light being generated by the light gener-
ating means; light outgoing means for outputting the intensity
modulated light toward a test subject, the intensity modulated
light being intensity-modulated by the light modulation
means; and acoustic wave detection means for detecting an
acoustic wave which is emitted from the test subject irradi-
ated with the intensity modulated light, the constituent con-
cenfration measuring apparatus is characterized in that an
acoustic matching substance and the test subject can be
arranged between the light outgoing means and the acoustic
wave detection means, the acoustic matching substance hav-
ing acoustic impedance substantially equal to that of the test
subject.

[0113] One aspect of the invention is characterized in that
the photoacoustic signal is detected under the environment
whose acoustic impedance is substantially equal to that of the
test subject. The test subject is irradiated with a light intensity
modulated at a constant frequency, the photoacoustic signal
which is the acoustic wave emitted from the test subject to be
measured is detected to measure the concentration of a par-
ticular constituent contained in the liquid by the acoustic
wave detection means though the acoustic matching sub-
stance. The acoustic wave detection means detects the pho-
toacoustic signal through the acoustic matching substance,
which alleviates the signal loss caused by reflection of the
acoustic wave. The reflection of the photoacoustic signal is
caused by a boundary reflection between the test subject and
surroundings, and the reflection of the photoacoustic signal is
also occurs at the contact between the test subject and the
acoustic wave detection means. Here the test subject and the
acoustic matching substance having the acoustic impedance
substantially equal to that of the test subject can be arranged
between the light outgoing means and the acoustic wave
detection means. Thus reflection at the boundary between the
test subject and surroundings can be decreased.

[0114] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating light; light
modulation means for electrically intensity-modulating the
light at a constant frequency, the light being generated by the
light generating means; light outgoing means for outputting
the intensity modulated light toward a test subject, the inten-
sity modulated light being intensity-modulated by the light
modulation means; acoustic wave detection means for detect-
ing an acoustic wave which is emitted from the test subject
irradiated with the intensity modulated light; and a container
in which a space between the light outgoing means and the
acoustic wave detection means is filled with an acoustic
matching substance having acoustic impedance substantially
equal to that of the test subject.

[0115] By instituting the container filled with the acoustic
matching substance having the acoustic impedance substan-
tially equal to that of the test object to be measured, the test
subject to be measured is arranged in the container filled with
the acoustic matching substance having the acoustic imped-
ance substantially equal to that of the test subject to be mea-
sured, and the photoacoustic signal from the test subject to be
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measured can be detected under the environment in which the
test subject to be measured is surrounded by the acoustic
matching substance. This configuration leads to an alleviation
of the attenuation which is caused by the reflection of the
photoacoustic signal at the boundary between the test subject
to be measured and the surroundings as well as at the contact
between the test subject to be measured and the acoustic wave
detection means.

[0116] In the constituent concentration measuring appara-
tus, it is desirable that the container is filled with water as for
the acoustic matching substance.

[0117] Because the acoustic impedance of the test subject is
very close to that of the water, a detection ofthe photoacoustic
signal under the environment where the test subject is sur-
rounded by the water can decrease the attenuation of the
photoacoustic signal due to the reflection which is caused by
the boundary reflection between the test subject and the sur-
roundings and by the contact between the test subject and the
acoustic wave detection means.

[0118] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means generates
two light beams having different wavelengths, and the light
modulation means intensity-modulate each of the light beams
into the intensity modulated light beams, the intensity modu-
lated light beams having the same frequency and reverse
phases.

[0119] The influence of the water on the photoacoustic
signal can be removed by using the two intensity modulated
light beams having the different wavelengths for the intensity
modulated light. As for the modulation, the frequencies are
equal and the phases are reversed to one another.

[0120] In the constituent concentration measuring appara-
tus, it is desirable that a cross-sectional shape of the container
is a semicircle, and the light outgoing means is positioned
substantially at the center of the semicircle.

[0121] The cross-sectional shape of the inner wall surface
of the container formes a semicircle, and the light outgoing
means is arranged at the center of the circle. Therefore, the
distance between the light outgoing means and the container
side corresponding to an arc portion of the semicircle can be
kept constant. Moreover, the distance between the light out-
going means and the container side corresponding to an arc
portion of the semicircle is set to an extent in which the
photoacoustic signal can be regarded as a plane wave, and the
acoustic wave detection means is arranged on the side, which
allows the radially spreading photoacoustic signal to be effi-
ciently detected. Thus, the accuracy of photoacoustic signal
can further be increased by improving the efficiency of sound
collection by the acoustic wave detection means.

[0122] In the constituent concentration measuring appara-
tus, it is desirable that the two or more acoustic wave detec-
tion means are arranged on an arc portion of the semicircle of
the container.

[0123] Two or more pieces of acoustic wave detection
means are arranged in the container side corresponding to the
arc portion of the semicircle, which allows the radially
spreading photoacoustic signal to be detected more effi-
ciently with the acoustic wave detection means.

[0124] In the constituent concentration measuring appara-
tus, it is desirable that a cross-sectional shape of the container
is an ellipse, and the light outgoing means and the acoustic
wave detection means are positioned substantially at the focal
points of said ellipse respectively.
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[0125] The cross-sectional shape of the inner wall surface
formed an ellipse, and the light outgoing means and the
acoustic wave detection means are arranged substantially at
each of the two focal points of the ellipse respectively. There-
fore, the photoacoustic signal can be scattered in the container
side and efficiently collected by the acoustic wave detection
means. Thus, the accuracy of photoacoustic signal can further
be increased by improving the efficiency of sound collection
by the acoustic wave detection means.

[0126] In the constituent concentration measuring appara-
tus, it is desirable that the bottom portion of the container
forms a semi-ellipsoid containing the two focal points in
sectional plane, and the light outgoing means and the acoustic
wave detection means are positioned substantially at each of
the two focal points of the semi-ellipsoid respectively.
[0127] The bottom portion of the inner wall surface of the
container formes a semi-ellipsoid containing the two focal
points insectional plane, and the light outgoing means and the
acoustic wave detection means are arranged at each of the two
focal points of the semi-ellipsoid respectively. Therefore, the
photoacoustic signal can be scattered in the bottom portion of
the container and efficiently collected by the acoustic wave
detection means. Thus, the accuracy of photoacoustic signal
can further be increased by improving the efficiency of sound
collection by the acoustic wave detection means.

[0128] In the constituent concentration measuring appara-
tus, it is desirable to comprise a reflection material on at least
a part of the inner wall of the container.

[0129] Theefficiency of'collecting the photoacoustic signal
onto the acoustic wave detection means can be improved by
overlaying the reflection material onto at least a part of the
inner wall of the container. Thus, the accuracy of photoacous-
tic signal detected by the acoustic wave detection means can
further be increased.

[0130] In the constituent concentration measuring appara-
tus, it is desirable to comprise a sound absorbing material on
at least a part of the inner wall of the container.

[0131] The multiple-reflected acoustic wave caused by the
inhomogeneity of internal structure of the test subject is
absorbed and removed by overlaying the sound absorbing
material onto at least a part of the inner wall of the container,
so that the photoacoustic signal emitted from the test subject
can be detected efficiently. Therefore, the accuracy of pho-
toacoustic signal detected by the acoustic wave detection
means can further be increased.

[0132] In the constituent concentration measuring appara-
tus, it is desirable to further comprise an outgoing window on
the inner wall of the container, the outgoing window being
transparent for the intensity modulated light.

[0133] Thecontainer is furnished with an outgoing window
transparent for the intensity modulated light, which allows
the light outgoing means to be placed outside the container.
Therefore, the light outgoing means can easily be arranged.
The intensity modulated light can be outputted from the inner
wall surface of the container, which allows the influence of
surface irregularity on the inner wall of the container to be
suppressed to decrease the reflection of the photoacoustic
signal.

[0134] In the constituent concentration measuring appara-
tus, it is desirable that the light outgoing means includes an
optical fiber which guides the intensity modulated light to the
container.

[0135] The light outgoing means includes the optical fiber.
Therefore, the light generating means and the light modula-
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tion means can be arranged at a place distant from the light
outgoing means to guide the intensity modulated light to the
position where the test subject is irradiated.

[0136] In the constituent concentration measuring appara-
tus, it is desirable to further comprise temperature measuring
means for measuring a temperature of the acoustic matching
substance; and temperature adjustment means for adjusting a
temperature of the acoustic matching substance according to
the temperature being measured by the temperature measur-
ing means.

[0137] The temperature adjustment means is included to
adjust the temperature of the acoustic matching substance
according to the temperature measured by the temperature
measuring means, which allows to stabilize temperature of
the acoustic matching substance and the surface of the test
subject. Thus, the disturbance of the photoacoustic signal
intensity by the temperature change can be decreased, which
leads to an improvement of the S/N ratio of photoacoustic
signal.

[0138] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating light; light
modulation means for electrically intensity-modulating the
light at a constant frequency, the light being generated by the
light generating means; light outgoing means for outputting
the intensity modulated light toward a test subject, the inten-
sity modulated light being intensity-modulated by the light
modulation means; an acoustic wave generator which outputs
an acoustic wave; and acoustic wave detection means for
detecting the acoustic wave emitted from the test subject
which is irradiated with the intensity modulated light, as well
as said acoustic wave transmitted from the acoustic wave
generator through the test subject.

[0139] One aspect of the invention is characterized in that,
when the constituent concentration which is the measurement
objective is measured by the photoacoustic method, the ultra-
sonic wave (in this case, referred to as acoustic wave) emitted
from the acoustic wave generator which is placed near irra-
diation position of the excitation light, i.e., near the source of
photoacoustic signal is detected as a reference signal to
search for the arrangement which optimizes a positional rela-
tionship between the photoacoustic signal source and the
acoustic wave detection means. The photoacoustic signal is
detected under the optimum arrangement, which allows the
constituent concentration to be measured using a propagation
path which minimizes the adverse influence of scatterers
existing in the test subject to be measured.

[0140] When the photoacoustic signal is detected in the
arrangement in which the detected acoustic wave signal
intensity becomes a predetermined value such that the attenu-
ation amount of acoustic wave is kept constant, the photoa-
coustic signal can be detected while the influences of uncer-
tain factors are eliminated. The uncertain factors include the
change in influence of the scatterers on the photoacoustic
signal by the change in positional relationship between the
photoacoustic signal generation source and the acoustic wave
detection means as well as by the change at the contact
between the acoustic wave detection means and the test sub-
ject. Therefore, the constituent concentration can be mea-
sured with no influence of the many parameters associated
with the positional change of the constituent concentration
measuring apparatus.

[0141] In searching the optimal arrangement of the test
subject particularly the living body and the devices in terms of
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the object to be measured in a measuring system by the
photoacoustic method, means for adjusting the arrangement
is mechanized to operate concurrently with the acoustic wave
detection means, which allows the constituent concentration
measurement to be automated to operate always under the
optimum arrangement. In the invention, the intensity modu-
lated light which is modulated by the constant frequency is
used as the excitation light.

[0142] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed using the acoustic wave. Therefore,
the photoacoustic signal can be detected with the optimum
arrangement.

[0143] A constituent concentration measuring apparatus
according to one aspect of the invention is characterized by
comprising light generating means for generating two light
beams having different wavelengths; light modulation means
for electrically intensity-modulating each of the two light
beams having the mutually different wavelengths using sig-
nals having the same frequency and reverse phases; light
outgoing means for outputting the two intensity-modulated
light beams having the mutually different wavelengths
toward a test subject; and acoustic wave detection means for
detecting an acoustic wave emitted in the test subject by the
outputted light.

[0144] In one aspect of the invention, each of the two light
beams having the mutually different wavelengths is electri-
cally intensity-modulated using the signals having the same
frequency and reverse phases, so that the acoustic wave cor-
responding to each of the two light beams having the mutually
different wavelengths can be detected with no influence from
a frequency dependence of the acoustic wave detection
means.

[0145] One of the two light beams generates acoustic wave
having the pressure corresponding to the total absorption in
the state where the constituent of the measuring object and
water are mixed together in the test subject, and the other light
beam generates the acoustic wave having the pressure origi-
nating only from the water occupying the large part of the test
subject so that the pressure of the acoustic wave generated
only by the constituent of the measuring object is detectable
as the difference between two acoustic waves. As a result,
quantity of the constitute in the measuring object can be
measured.

[0146] With the two acoustic wave pressures, one gener-
ated by one of the two light beams corresponding to the total
absorption in the state where the constituent of the measuring
object and water are mixed together in the test subject to be
measured, while another generated by the other light beam
corresponding only to the water occupying the large part of
the test subject to be measured, their frequencies are equal to
each other and the phase are reversed to each other, therefore,
the pressures are superposed to each other in the form of
acoustic wave in the test subject, and the difference in pres-
sure of the acoustic waves is directly detected. Accordingly,
the difference in pressure of the acoustic waves can be
obtained more accurately rather than by computing the dif-
ference from separate measurement of the pressure of the
acoustic wave generated by one of the two light beams cor-
responding to the total absorption in the state where the con-
stituent of the measuring object and water are mixed together
in the test subject to be measured, as well as of the pressure of
the acoustic wave generated by the other light beam corre-
sponding only to the water occupying the large part of the test
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subject. The above point constitutes a novel advantage which
does not exist in the conventional techniques.

[0147] In one aspect of the invention, the modulation fre-
quency by which the two light beams having the mutually
different wavelengths are electrically intensity-modulated
can be set to the resonant frequency concerning the detection
of the acoustic wave generated in the test subject to be mea-
sured. The photoacoustic signal is measured for the two light
beams having mutually different wavelengths are selected by
a consideration on the non-linearity regarding to the absorp-
tion coefficient in the measured value of the photoacoustic
signal. Then, the acoustic wave generated in the test subject
can be measured with a high accuracy from the measured
values while the influences of the many parameters which are
hardly kept constant, are eliminated.

[0148] In the constituent concentration measuring appara-
tus, it is desirable to further comprise second light outgoing
means for outputting the light toward the test subject, the light
being intermittently emitted at intervals which are longer than
the repetition period for the same frequency.

[0149] According to one aspect of the invention, the pho-
toacoustic signal emission amount by the absorption at the
constituent, set as the measuring object is increased in the test
subject, particularly in the living body tissue, so that the
accurate constituent concentration can be measured in the
noninvasive manner.

[0150] In the constituent concentration measuring appara-
tus, it is desirable that light from the second light outgoing
means has a wavelength which exhibits a characteristic
absorption of a constituent different from the constituent set
as the measuring object.

[0151] Only the photoacoustic signal from the blood con-
stituent can be increased by raising the temperature of the
blood tissue as compared with the non-blood tissue.

[0152] In the constituent concentration measuring appara-
tus, it is desirable that light from the second light outgoing
means has a wavelength which exhibits a characteristic
absorption of hemoglobin in blood.

[0153] Only the photoacoustic signal from the blood con-
taining the hemoglobin can be increased by raising the tem-
perature of the hemoglobin.

[0154] In the constituent concentration measuring appara-
tus, it is desirable that an interval during which the second
light outgoing means emits the light is an interval during
which temperature rise of 2° C. or less is resulted is generated
in the test subject.

[0155] The influence on the test subject can be suppressed
to the minimum.

[0156] In the constituent concentration measuring appara-
tus, it is desirable that light intensity of the second light
outgoing means is an intensity by which temperature rise of
2° C. or less is resulted in said test subject.

[0157] The influence on the test subject can be suppressed
to the minimum.

[0158] In the constituent concentration measuring appara-
tus, the constituent concentration measuring apparatus fur-
ther comprises frequency sweep means for sweeping a modu-
lation frequency, the light generated by the light generating
means being modulated in the modulation frequency; and
integration means for integrating the acoustic wave in a swept
modulation frequency range, the acoustic wave being
detected by the acoustic wave detection means, and it is
desirable that the light modulation means electrically inten-
sity-modulate each of the two light beams having the mutu-
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ally different wavelengths using the signal from the frequency
sweep means and with mutually reverse modulation phases.
[0159] In one aspect of the invention, the photoacoustic
signal generated in the test subject is integrated in the swept
modulation signal range. The photoacoustic signal exploiting
the high sensitivity in the frequency corresponding to the
resonance frequency of the acoustic wave detection means is
integrated even if the resonance frequency of the acoustic
wave detection means suffers a drift. Thus measurement can
be performed always with the high-sensitivity resonance fre-
quency.

[0160] In the constituent concentration measuring appara-
tus, it is desirable that the acoustic wave detection means
track the modulation frequency to detect the acoustic wave
emitted in the test subject by the outputted light, the modula-
tion frequency being swept by the frequency sweep means,
and the integration means integrates the acoustic wave in the
modulation frequency range where the acoustic wave detec-
tion means has high detection sensitivity, the acoustic wave
being detected by the acoustic wave detection means.
[0161] Inone aspect ofthe invention, in the case where the
resonance frequency of the acoustic wave detection means
happens to change, the change in resonance frequency of the
acoustic wave detection means in which the detection sensi-
tivity becomes the maximum is determined from the result on
the measurement of the photoacoustic signal emitted in the
test subject to be measured by the irradiation light which is
modulated by the frequency-swept modulation frequency,
and the change in resonance frequency is tracked to integrate
the detected value of the photoacoustic signal near the reso-
nance frequency.

[0162] In the constituent concentration measuring appara-
tus, it is desirable to further comprise constituent concentra-
tion computation means for computing a constituent concen-
tration of a constituent from the acoustic wave integrated by
said integration means, the constituent being set as a measur-
ing object in the said test subject.

[0163] Inoneaspect of the invention, theoretical or experi-
mental values showing the relationship between the photoa-
coustic signal generated in the test subject and the constituent
concentration set as the measuring object are prepared
beforehand, and the constituent concentration of the measur-
ing object is computed based on the detected value of the
photoacoustic signal generated in the test subject.

[0164] In the constituent concentration measuring appara-
tus, the constituent concentration measuring apparatus fur-
ther comprises an acoustic wave generator which outputs an
acoustic wave, and it is desirable that the acoustic wave detec-
tion means detect the acoustic wave emitted from the test
subject as well as said acoustic wave transmitted from the
acoustic wave generator through the test subject.

[0165] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed using the acoustic wave. Therefore,
the photoacoustic signal can be detected with the optimum
arrangement.

[0166] In the constituent concentration measuring appara-
tus, it is desirable to further comprise drive means for varying
atleast one of positions of the acoustic wave generator and the
acoustic wave detection means.

[0167] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed for each propagation path by chang-
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ing the acoustic wave propagation path. Thus, the
photoacoustic signal can be detected in the probed optimum
arrangement.

[0168] In the constituent concentration measuring appara-
tus, it is desirable to further comprise control means for
controlling the drive means such that intensity of the acoustic
wave detected by the acoustic wave detection means becomes
a particular value.

[0169] According to one aspect of the invention, the pho-
toacoustic signal is automatically made to be detected in the
probed optimum arrangement.

[0170] In the constituent concentration measuring appara-
tus, it is desirable that the light outgoing means is fixed to the
acoustic wave generator so as to keep the relative position to
the acoustic wave generator.

[0171] According to one aspect of the invention, since the
relative position between the light outgoing means and the
acoustic wave generator is fixed, the former can automatically
be moved to the optimum position following the latter acous-
tic wave generator.

[0172] In the constituent concentration measuring appara-
tus, it is desirable to further comprise pressing means for
pressing the acoustic wave generator and the acoustic wave
detection means against the test subject with pressing force
whose pressure can be controlled.

[0173] According to one aspect of the invention, since the
pressure for pressing the acoustic wave generator and the
acoustic wave detection means against the test subject is
controllable, the pressure at which the acoustic wave genera-
tor and the acoustic wave detection means come into contact
with the test subject can be kept at a predetermined value.
Therefore, the influence of the pressure on the test subject can
be reduced.

[0174] In the constituent concentration measuring appara-
tus, it is desirable that the acoustic wave generator is placed in
proximity of the intensity modulated light beam outputted
from the light outgoing means.

[0175] According to one aspect of the invention, since the
acoustic wave is outputted to a position close to the path of the
intensity modulated light beam, the reflection/scattering can
be examined more precisely for the propagation path of the
photoacoustic signal.

[0176] In the constituent concentration measuring appara-
tus, it is desirable to further comprise a transmission window
in a part of the acoustic wave generator, the transmission
window transmitting said intensity modulated light beam.
[0177] According to one aspect of the invention, the test
subject can be irradiated with the intensity modulated light
through the acoustic wave generator. Therefore, the test sub-
ject can be irradiated with the intensity modulated light from
the optimum position of the acoustic wave generator.

[0178] In the constituent concentration measuring appara-
tus, it is desirable that the frequency and/or the intensity of
said outputted acoustic wave from said acoustic wave gen-
erator is variable.

[0179] According to one aspect of the invention, scatterers
can be probed with the acoustic wave having the frequency
equal to that of the photoacoustic signal detected by the
acoustic wave detection means, so that the influence of the
scatterers on the photoacoustic signal can be examined more
correctly. The intensity of the acoustic wave outputted from
the acoustic wave generator can be increased or decreased
according to the intensity of the acoustic wave detected by the
acoustic wave detection means, so that the detected intensity
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can be compared even if the intensity detected by the acoustic
wave detection means is small.

[0180] In the constituent concentration measuring appara-
tus, it is desirable to further comprise an acoustic coupling
element on the surface of the acoustic wave generator and/or
the light outgoing means, the surface being in contact with the
test subject, the acoustic coupling element having an acoustic
impedance substantially equal to that of the test subject.
[0181] According to one aspect of the invention, the reflec-
tion/scattering can be reduced at the surface in which at least
one of the acoustic wave generator and the acoustic wave
detection means comes into contact with the test subject.
[0182] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means sets the light
wavelengths of the two light beams to two wavelengths where
an absorption difference exhibited by the constituent set as
the measuring object is larger than the absorption difference
exhibited by a solvent.

[0183] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means sets one of
the light wavelengths of the two light beams to a light wave-
length where the constituent set as the measuring object
exhibits characteristic absorption, and the light generating
means set the other light wavelength to a wavelength where
the solvent exhibits an equal absorption to that for the one of
the light wavelengths.

[0184] One aspect of the invention is the case where the
difference in absorption exhibited by the solvent is set to zero,
in the light generating means in the constituent concentration
measuring apparatus in which the light wavelengths of the
two light beams are set to two light wavelengths so that the
absorption difference exhibited by the constituent set as the
measuring object is larger than the absorption difference
exhibited by the solvent. Therefore, the influence by the
absorption of the solvent can be eliminated.

[0185] In the constituent concentration measuring appara-
tus, it is desirable that the light wavelengths of said two light
beams are set to two wavelengths where an absorption differ-
ence exhibited by the constituent set as the measuring object
is larger than the absorption difference exhibited by other
constituents.

[0186] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means sets the light
wavelengths of the two light beams to two wavelengths where
an absorption difference exhibited by the blood constituent
set as the measuring object is larger than the absorption dif-
ference exhibited by a water.

[0187] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means sets one of
the light wavelengths of the two light beams to a light wave-
length where the blood constituent set as the measuring object
exhibits characteristic absorption, and the light generating
means sets the other light wavelength to a wavelength where
a water exhibits an equal absorption to that for the one of the
light wavelengths.

[0188] One aspect of the invention is the case where the
difference in absorption exhibited by the water is set to zero,
in the light generating means in the constituent concentration
measuring apparatus in which the light wavelengths of the
two light beams are set to two light wavelengths so that the
absorption difference exhibited by the blood constituent set as
the measuring object is larger than the absorption difference
exhibited by the water. Therefore, the influence by the absorp-
tion of the water can be eliminated.
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[0189] In the constituent concentration measuring appara-
tus, it is desirable that the light wavelengths of the two light
beams are set to two wavelengths where an absorption differ-
ence exhibited by the blood constituent set as the measuring
object is larger than the absorption difference exhibited by
other blood constituents.

[0190] In the constituent concentration measuring appara-
tus, it is desirable to further comprise a coupler between the
light outgoing means and the test subject, the coupler com-
bining the outgoing light beams.

[0191] The light can be focused on the measurement
region, so that the photoacoustic signal can efficiently be
generated.

[0192] In the constituent concentration measuring appara-
tus, it is desirable to further comprise rectifying amplification
means for detecting amplitude of the acoustic wave from the
acoustic wave detection means.

[0193] The amplitude of the acoustic wave can be detected
from the detected photoacoustic signal.

[0194] In the constituent concentration measuring appara-
tus, it is desirable that the rectifying amplification means is a
phase sensitive amplifier.

[0195] The amplitude of the acoustic wave can be detected
from the photoacoustic signal with a high sensitivity.

[0196] In the constituent concentration measuring appara-
tus, it is desirable that diameters of the two outgoing light
beams from the light outgoing means are substantially equal
to each other.

[0197] The measurement accuracy can be improved by
matching the measurement regions.

[0198] In the constituent concentration measuring appara-
tus, it is desirable to further comprise constituent concentra-
tion computation means for computing a constituent concen-
tration of a constituent from pressure of the detected acoustic
wave, the constituent being set as a measuring object in the
test subject.

[0199] In the constituent concentration measuring appara-
tus, it is desirable that the constituent concentration compu-
tation means divide pressure of the acoustic wave, which is
emitted by irradiating the two light beams having the mutu-
ally different wavelengths to the test subject, by pressure of
the acoustic wave which is emitted when one of the two light
beams is set to zero power.

[0200] As described above, the pressure of the acoustic
wave generated by irradiating the test subject with the two
light beams having the mutually different wavelengths is
detected as the difference between the pressure of the acoustic
wave generated by one of the two light beams corresponding
to the total absorption in the state where the constituent of the
measuring object and water are mixed together in the test
subject and the pressure of the acoustic wave generated by the
other light beam corresponding to the water alone occupying
the large part of the test subject. The constituent concentration
can be measured by dividing the difference by the acoustic
wave pressure generated when one of the two light beams is
set to zero powet, i.e., the acoustic wave pressure generated
solely by the water occupying the large part of the test subject
according to the later-mentioned formula (5).

[0201] In the constituent concentration measuring appara-
tus, it is desirable that the light modulation means operates at
the same frequency as a resonant frequency concerning detec-
tion of the acoustic wave generated in the test subject.
[0202] In one aspect of the invention, the modulation fre-
quency by which the two light beams having the mutually
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different wavelengths are electrically intensity-modulated is
set to the same frequency as the resonant frequency concern-
ing the detection of the acoustic wave generated in the test
subject. Therefore, the acoustic wave generated in the test
subject can be measured with high accuracy.

[0203] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means adjusts
relative intensity of the two light beams having the mutually
different wavelengths such that pressure of the acoustic wave
becomes zero, the acoustic wave being generated by combin-
ing said two intensity-modulated light beams having the dif-
ferent wavelengths into a single light beam to irradiate water.
[0204] According to the above calibration, the relative
intensity between the two light beams having the mutually
different wavelengths can be set such that the intensity of the
photoacoustic signal emitted from the water occupying the
large part of test subject is equalized for the wavelengths of
two light beams. Consequently for the whole system for mea-
suring photoacoustic signal, the relative intensity between the
two light beams having the mutually different wavelengths
can be calibrated to improve the measurement accuracy.
[0205] In the constituent concentration measuring appara-
tus, it is desirable that the acoustic wave detection means is
synchronized with the modulation frequency to detect the
acoustic wave by phase sensitive detection.

[0206] The photoacoustic signal is detected by the phase-
sensitive detection synchronized with the modulation fre-
quency, so that the detection can be performed with a high
accuracy.

[0207] In the constituent concentration measuring appara-
tus, it is desirable that the light generating means and the light
modulation consists of two directly-modulated semiconduc-
tor laser light sources driven by rectangular-waveform signals
having the same frequency and reverse phases.

[0208] In one aspect of the invention, the two light beams
having the mutually different wavelengths can be generated
and at the same time be modulated by using two directly-
modulated semiconductor laser light sources driven by rect-
angular-waveform signals having the same frequency and
reverse phases, so that the apparatus configuration can be
simplified.

[0209] In the constituent concentration measuring appara-
tus, it is desirable that a blood constituent which is set as the
measuring object is glucose or cholesterol.

[0210] In the case where the concentration of glucose or
cholesterol is measured, the measurement can accurately be
performed by irradiating the test subject with the light having
the wavelength exhibiting the characteristic absorption.

[0211] In the constituent concentration measuring appara-
tus, it is desirable to further comprise recording means for
recording the acoustic wave as a function of the modulation
frequency, the acoustic wave being detected by the acoustic
wave detection means.

[0212] By including the means for recording the photoa-
coustic signal detected by the acoustic wave detection means
for each swept modulation frequency, if the resonance fre-
quency of the acoustic wave detection means happens to
change, still the modulation frequency sweep range of the
irradiating light covers the range in which the resonance
frequency possibly changes, the values measured with high
accuracy can be selected from the detected photoacoustic
signals, which are integrated and averaged to confirm that the
constituent concentration is correctly measured.
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[0213] In the constituent concentration measuring appara-
tus, it is desirable that the light outgoing means and the
acoustic wave detection means are arranged at positions sub-
stantially opposing to each other.

[0214] In the photoacoustic signal emitted from the test
subject, the largest signal intensity is detected in the direction
in which the light outgoing means outputs the intensity modu-
lated light. The accuracy of the photoacoustic signal detected
with the acoustic wave detection means can further be
improved by arranging the light outgoing means and the
acoustic wave detection means at positions such that the light
outgoing means and the acoustic wave detection means
oppose to each other.

[0215] In the constituent concentration measuring appara-
tus, it is desirable to further comprise a light shielding hood
surrounding at least a part of the optical path of the intensity
modulated light, the light shielding hood preventing the
intensity modulated light from leaking to the outside of the
constituent concentration measuring apparatus.

[0216] According to one aspect of the invention, the inten-
sity modulated light can be prevented from leaking to the
outside of the constituent concentration measuring apparatus
such as to a portion of the test subject other than portion for
the testing.

[0217] In the constituent concentration measuring appara-
tus, it is desirable to further comprise enduing means in which
at least the light outgoing means and the acoustic wave detec-
tion means are arranged in a portion which comes into contact
with the test subject, the portion being located inside of an
annular portion which is endued surrounding the test subject.
[0218] As described above, at least the light irradiation unit
and the acoustic wave detection means, are inlaid onto an
accessory having the annular portion which is endued sur-
rounding the test subject. Thus, the change in distance
between the light outgoing means and the acoustic wave
detection means caused by the movement of the test subject,
1.e., the change in thickness of a part of the test subject which
is the measuring object located between the light outgoing
means and the acoustic wave detection means is suppressed to
stabilize the measured value of the acoustic wave emitted
from the test subject during the measurement. In addition,
deformation of the peripheries of the measurement portion in
the test subject is prevented, which stabilizes the multiple
reflections from peripheries of the measurement portion in
the test subject. As a result, the constituent concentration set
as the measuring object can correctly be measured.

[0219] In the constituent concentration measuring appara-
tus, it is desirable that the light outgoing means and the
acoustic wave detection means are arranged at positions sub-
stantially opposing to each other in the annular portion of the
enduing means.

[0220] As described above, the light outgoing means and
the acoustic wave detection means are arranged at the posi-
tions where the light outgoing means and the acoustic wave
detection means oppose to each other on annular portion of
the enduing means. Thus, when the light outgoing means
irradiates the test subject with the light, the acoustic wave
detection means efficiently detects the resulting acoustic
wave emitted from the test subject, and the constituent con-
centration set as the measuring object can be accurately mea-
sured in the test subject.

[0221] In the constituent concentration measuring appara-
tus, it is desirable that a layer of cushioning material covers at
least a semicircular portion being in contact with the test
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subject inside the annular portion of said enduing means, the
semicircular portion comprising position where said acoustic
wave detection means is inlaid, the cushioning material hav-
ing acoustic impedance approximately equal to that of the test
subject.

[0222] As described above, the layer of cushioning material
covers at least the semicircular portion being in contact with
the test subject inside the annular portion of the enduing
means, the semicircular portion includes the position where
the acoustic wave detection means is arranged, and the cush-
ioning material has the acoustic impedance approximately
equal to that of test subject. Thus, of the acoustic wave emit-
ted from the test subject, a part which directly reaches the
acoustic wave detection means is efficiently detected, while
the amount of acoustic wave emitted from the test subject
which becomes a noise, is decreased which allows the con-
stituent concentration to be measured more correctly. The
acoustic wave which becomes the noise, is received by the
acoustic wave detection means after multiple reflections gen-
erated at the interface between the test subject and the endu-
ing means inside the annular portion.

[0223] In the constituent concentration measuring appara-
tus, it is desirable that a space between said layer of cushion-
ing material and a inner surface of the annular portion of said
enduing means is filled with a sound absorbing material.
[0224] As described above, the space between the layer of
cushioning material and the inner surface on the annular
portion of the enduing means is filled with the sound absorb-
ing material. Thus, the constituent concentration can be mea-
sured more correctly by decreasing the amount of acoustic
wave which becomes the noise in the acoustic wave emitted
from the test subject. The acoustic wave which becomes the
noise, is detected by the acoustic wave detection means after
multiple reflections generated at the interface between the test
subject and the enduing means inside the annular portion.
[0225] In the constituent concentration measuring appara-
tus, it is desirable that said light generating means generates
two light beams having different wavelengths by multiple
semiconductor laser devices.

[0226] As described above, the light generating means gen-
erates the two light beams having different wavelengths by
the multiple semiconductor laser devices, which enables sig-
nificant miniaturization and weight reduction of the constitu-
ent concentration measuring apparatus of the invention.
[0227] In the constituent concentration measuring appara-
tus, it is desirable that the light outgoing means includes a
beam expander which enlarges the light beam diameter gen-
erated by said light generating means.

[0228] As described above, the light outgoing means
includes the beam expander which enlarges the light beam
diameter generated by the light generating means. Thus, the
light beam with which the test subject is irradiated is enlarged,
and the test subject can be irradiated with the relatively strong
light without adverse influence on the test subject, so that the
constituent concentration set as the measuring object can be
measured more correctly in the test subject.

[0229] In the constituent concentration measuring appara-
tus, it is desirable that the enduing means is a ring fitted in a
human finger, said light outgoing means is arranged on a
dorsal side of said finger, while said acoustic wave detection
means is arranged on a palm side of said finger.

[0230] As described above, the enduing means is the ring
fitted to the human finger, the light outgoing means is
arranged on the dorsal side of the finger, while the acoustic
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wave detection means is arranged on the palm side of the
finger. Thus, the acoustic wave detection means easily comes
into contact with the relatively soft skin of the finger, and the
acoustic wave detection means can efficiently measure the
acoustic wave generated in the finger, so that the constituent
concentration can be measured more correctly. Further, the
light outgoing means and the acoustic wave detection means
are mounted in the inner surface of the ring, which allows the
constituent concentration of the human body to be easily and
continuously measured without imposing inconvenience for
a daily life.

[0231] In the constituent concentration measuring appara-
tus, it is desirable that the enduing means is a bracelet fitted in
ahuman arm, said light outgoing means is arranged on a palm
side of a hand, and said acoustic wave detection means is
arranged on a dorsal side of a hand.

[0232] As described above, the enduing means is the brace-
let fitted on a human arm, the light outgoing means is
arranged on the palm side on the hand, and the acoustic wave
detection means is arranged on the dorsal side on the hand.
Therefore, the acoustic wave detection means easily comes
into contact with the relatively soft skin of the arm. and the
acoustic wave detection means can efficiently measure the
acoustic wave generated in the arm, so that the constituent
concentration can be measured more correctly. Further, the
light outgoing means and the acoustic wave detection means
are mounted in the inner surface of the bracelet, which allows
the constituent concentration of the human body to be easily
and continuously measured without imposing inconvenience
for a daily life.

[0233] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention is
characterized by sequentially comprising a light generating
procedure in which light generating means generates light; a
frequency sweep procedure in which frequency sweep means
sweeps a modulation frequency, the light generated in the
light generating procedure being modulated in the modula-
tion frequency; a light modulation procedure in which light
modulation means electrically intensity-modulates the light
using a signal swept in the frequency sweep procedure, the
light being generated in the light generating procedure; a light
outgoing procedure in which light outgoing means outputs
the light toward an object to be measured, the light being
intensity-modulated in the light modulation procedure; an
acoustic wave detection procedure in which acoustic wave
detection means detects an acoustic wave which is generated
in the object to be measured by the light outputted in the light
outgoing procedure; and an integration procedure in which
integration means integrates the acoustic wave in a swept
modulation frequency range, the acoustic wave being
detected in the acoustic wave detection procedure.

[0234] Inoneaspectoftheinvention, thelightis electrically
intensity-modulated using the modulation signal whose fre-
quency is swept in a predetermined range, the intensity-
modulated light is outputted, the photoacoustic signal gener-
ated by the outputted light is detected, and the detected
photoacoustic signal is integrated to compute the constituent
concentration which is the measurement objective in the
object to be measured. At this point, the wavelength of the
outputted light is set at the wavelength in which the constitu-
ent set as the measuring object exhibits the absorption. Thus,
the change in sensitivity characteristics of the acoustic wave
detection means can be tracked to measure the constituent
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concentration which is the measurement objective at the fre-
quency where the optimal sensitivity is attainable.

[0235] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention
comprising a light generating procedure in which light gen-
erating means generates light; a light modulation procedure
in which light modulation means electrically intensity-modu-
lates the light at a constant frequency, the light being gener-
ated by said light generating procedure; a light outgoing
procedure in which light outgoing means outputs the intensity
modulated light toward an object to be measured, the intensity
modulated light being intensity-modulated by said light
modulation procedure; and an acoustic wave detection pro-
cedure in which acoustic wave detection means detects an
acoustic wave which is emitted from said object to be mea-
sured by said intensity modulated light in said light outgoing
procedure, the constituent concentration measuring appara-
tus controlling method characterized in that said light outgo-
ing procedure and said acoustic wave detection procedure are
performed in a container which is filled with an acoustic
matching substance having acoustic impedance substantially
equal to that of the object to be measured.

[0236] One aspect of the invention is characterized in that
the photoacoustic signal is detected under the environment
whose acoustic impedance is substantially equal to that of the
object to be measured. A light intensity-modulated at a con-
stant frequency is outputted, and the photoacoustic signal
which is the acoustic wave generated by the outputted light is
detected to measure the concentration ofa particular constitu-
ent contained in the object to be measured by the acoustic
wave detection means though the acoustic matching sub-
stance. The light outgoing procedure and the acoustic wave
detection procedure are performed in the container which is
filled with the acoustic matching substance having acoustic
impedance substantially equal to that of the object to be
measured. Thus, the photoacoustic signal can be detected
under the environment in which the object to be measured is
surrounded by the acoustic matching substance, and the
attenuation can be decreased. The attenuationis caused by the
photoacoustic signal reflection at the boundary between the
object to be measured and surroundings, and also by dumping
at the contact between the object to be measured and the
acoustic wave detection means.

[0237] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention is
characterized by sequentially comprising an optimum posi-
tion detection procedure in which acoustic wave generators
output acoustic waves from two or more different positions to
object to be measured and acoustic wave detection means
detects a position where intensity of said acoustic wave trans-
mitted through said object to be measured becomes a particu-
lar value; and an acoustic wave detection procedure in which
light outgoing means outputs intensity modulated light to said
object to be measured from the position where intensity of
said acoustic wave becomes the particular value, the intensity
modulated light being intensity-modulated at a constant fre-
quency, and said acoustic wave detection means detects the
acoustic wave emitted from said object to be measured.
[0238] One aspect of the invention is characterized in that,
when the constituent concentration which is the measurement
object is measured by the photoacoustic method, the ultra-
sonic wave (in this case, referred to as acoustic wave) emitted
from the acoustic wave generator which is placed near irra-
diation position of the excitation light, i.e., near source of
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photoacoustic signal is detected as a reference signal to
search for an arrangement which optimizes a positional rela-
tionship between the photoacoustic signal source and the
acoustic wave detection means. The photoacoustic signal is
detected under the optimum arrangement, which allows the
constituent concentration to be measured using a propagation
path which minimizes the adverse influence of scatters on
exicitation light.

[0239] When the photoacoustic signal is detected in the
arrangement in which the detected acoustic wave signal
intensity becomes a predetermined value such that the attenu-
ation amount of acoustic wave is kept constant, the photoa-
coustic signal can be detected while influences of uncertain
factors are eliminated. The uncertain factors include the
change in influence of the scatterers on the photoacoustic
signal by the change in positional relationship between the
photoacoustic signal generation source and the acoustic wave
detection means as well as by the change at the contact
between the acoustic wave detection means and the object to
be measured. Therefore, the constituent concentration can be
measured with no influence of the many parameters associ-
ated with the positional change of the constituent concentra-
tion measuring apparatus.

[0240] In searching the optimal arrangement of the devices
in terms of the object to be measured in a measuring system
by the photoacoustic method, means for adjusting the
arrangement is mechanized to operate concurrently with the
acoustic wave detection means, which allows the constituent
concentration measurement to be automated to operate
always under the optimum arrangement. In the invention, the
intensity modulated light which is modulated by the constant
frequency is used as the excitation light.

[0241] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal is probed in each propagation path by changing the
acoustic wave propagation path, and then the photoacoustic
signal is detected by outputting the intensity modulated light
such that the photoacoustic signal propagates through the
propagation path in which the acoustic wave intensity
detected by the acoustic wave detection means becomes the
particular value. Therefore, the photoacoustic signal can be
detected in the optimum arrangement.

[0242] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention is
characterized by sequentially comprising a light generating
procedure in which light generating means generates two
light beams having mutually different wavelengths; a light
modulation procedure in which light modulation means elec-
trically intensity-modulates each of the two light beams hav-
ing the mutually different wavelengths using signals having
the same frequency and reverse phases, the two light beams
being generated in the a light generating procedure; a light
outgoing procedure in which light outgoing means outputs
the two light beams having the mutually different wave-
lengths to an object to be measured, the two light beams being
intensity-modulated in the light modulation procedure; and
an acoustic wave detection procedure in which acoustic wave
detection means detects an acoustic wave emitted from said
object to be measured by the light outputted in said light
outgoing procedure.

[0243] In one aspect of the invention, each of the two light
beams having the mutually different wavelengths is electri-
cally intensity-modulated using the signals having the same
frequency and reverse phases, so that the acoustic wave cor-
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responding to each ofthe two light beams having the mutually
different wavelengths can be detected with no influence from
a frequency dependence of the acoustic wave detection
means.

[0244] One of the two light beams generates acoustic wave
having the pressure corresponding to the total absorption in
the state where the constituent of the measuring object and
water are mixed together in the object to be measured, and the
other light beam generates the acoustic wave having the pres-
sure originating only from the water occupying the large part
of the object to be measured, so that the pressure of the
acoustic wave generated only by the constituent of the mea-
suring object is detectable as the difference between two
acoustic waves. As a result, quantity of the constitute in the
measuring object can be measured.

[0245] With the two acoustic wave pressures, one gener-
ated by one of the two light beams corresponding to the total
absorption in the state where the constituent of the measuring
object and water are mixed together in the object to be mea-
sured, while another generated by the other light beam cor-
responding only to the water occupying the large part of the
object to be measured, their frequencies are equal to each
other and the phase are reversed to each other, therefore, the
pressures are superposed to each other in the form of acoustic
wave in the object to be measured, and the difference in
pressure of the acoustic waves is directly detected. Accord-
ingly, the difference in pressure of the acoustic waves can be
obtained more accurately rather than by computing the dif-
ference from separate measurements of the pressure of the
acoustic wave generated by one of the two light beams cor-
responding to the total absorption in the state where the con-
stituent of the measuring object and water are mixed together
in the object to be measured, as well as of the pressure of the
acoustic wave generated by the other light beam correspond-
ing only to the water occupying the large part of the object to
be measured. The above point constitutes a novel advantage
which does not exist in the conventional techniques.

[0246] 1In one aspect of the invention, the modulation fre-
quency by which the two light beams having the mutually
different wavelengths are electrically intensity-modulated
can be set to the resonant frequency concerning the detection
of the acoustic wave generated in the object to be measured.
The photoacoustic signal is measured for the two light beams
having mutually different wavelengths are selected by a con-
sideration on the non-linearity regarding to the absorption
coefficient in the measured value of the photoacoustic signal.
Then, the acoustic wave generated in the object to be mea-
sured can be measured with a high accuracy from the mea-
sured values while the influences of the many parameters
which are hardly kept constant, are eliminated.

[0247] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
frequency sweep procedure in which frequency sweep means
sweeps a modulation frequency, the light generated in the
light generating procedure being modulated in the modula-
tion frequency; and an integration procedure in which inte-
gration means integrates the acoustic wave in a swept modu-
lation frequency range, the acoustic wave being detected in
the acoustic wave detection procedure.

[0248] In one aspect of the invention, the photoacoustic
signal generated in the object to be measured is integrated in
the swept modulation signal range. The photoacoustic signal
exploiting the high sensitivity at the frequency corresponding
to the resonance frequency of the acoustic wave detection
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means is integrated even if the resonance frequency of the
acoustic wave detection means suffers a drift. Thus the mea-
surement can be performed always with the high-sensitivity
resonance frequency.

[0249] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the acoustic wave
detection procedure is a procedure in which the modulation
frequency is tracked to detect the acoustic wave emitted in the
said object to be measured by the irradiation light, the modu-
lation frequency being swept in said frequency sweep proce-
dure, and said integration procedure is a procedure in which
the acoustic wave is integrated in the modulation frequency
range where detection sensitivity of the acoustic wave is high
in said acoustic wave detection procedure, the acoustic wave
being detected in said acoustic wave detection procedure.

[0250] Inoneaspect ofthe invention, in the case where the
resonance frequency of the acoustic wave detection means
happens to change, the change in resonance frequency of the
acoustic wave detection means in which the detection sensi-
tivity becomes the maximum is determined from the result on
the measurement of the photoacoustic signal generated by the
outputted light which is modulated by the frequency-swept
modulation frequency. and the change in resonance fre-
quency is tracked to integrate the detected value of the pho-
toacoustic signal near the resonance frequency.

[0251] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
liquid constituent concentration computation procedure for
computing a constituent concentration of a liquid constituent
from the acoustic wave integrated in the integration proce-
dure, the liquid constituent being set as a measuring object,

[0252] Inone aspect of the invention, theoretical or experi-
mental values showing the relationship between the photoa-
coustic signal generated in the object to be measured and the
constituent concentration set as the measuring object are pre-
pared beforehand, and the constituent concentration of the
measuring object is computed based on the detected value of
the photoacoustic signal generated in the object to be mea-
sured.

[0253] In the constituent concentration measuring appara-
tus controlling method it is desirable that the light outgoing
procedure and said acoustic wave detection procedure are
performed in a container which is filled with an acoustic
matching substance having an acoustic impedance substan-
tially equal to that of the object to be measured.

[0254] By instituting the container filled with the acoustic
matching substance having the acoustic impedance substan-
tially equal to that of the object to be measured, the object to
be measured is arranged in the container filled with the acous-
tic matching substance having the acoustic impedance sub-
stantially equal to that of the object to be measured, and the
photoacoustic signal from the object to be measured can be
detected under the environment in which the object to be
measured is surrounded by the acoustic matching substance.
This configuration leads to an alleviation of the attenuation
which is caused by the reflection of the photoacoustic signal
at the boundary between the object to be measured and the
surroundings as well as at the contact between the object to be
measured and the acoustic wave detection means.

[0255] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the acoustic
wave detection procedure, said acoustic wave is detected
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through an acoustic matching substance having an acoustic
impedance substantially equal to that of said object to be
measured.

[0256] The photoacoustic signal is detected through the
acoustic matching substance having acoustic impedance sub-
stantially equal to that of the object to be measured, so that the
boundary reflection between the object to be measured and
the surroundings thereof and the pressure and vibration
impairing the acoustic wave detection means can be pre-
vented.

[0257] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the light outgo-
ing procedure, said intensity modulated light is arranged on
the inner wall of said container, and said intensity modulated
light is outputted to said object to be measured through an
outgoing window which is transparent for said intensity
modulated light.

[0258] The light outgoing means can be arranged outside
the container furnished with the outgoing window transparent
for the intensity modulated light, so that the light outgoing
means is easily placed. The intensity modulated light can be
outputted from the inner wall surface of the container, so that
the influence of surface irregularity on the inner wall of the
container to be suppressed to decrease the reflection of the
photoacoustic signal.

[0259] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the object to be
measured, a region irradiated with said intensity modulated
light is covered with said acoustic matching substance in
either sol or gel form.

[0260] In the object to be measured, the region irradiated
with the intensity modulated light is covered with the liquid,
sol or gel acoustic matching substance. Therefore, the pho-
toacoustic signal can be detected from the object to be mea-
sured under the environment in which the object to be mea-
sured is surrounded by the acoustic matching substance.

[0261] In the constituent concentration measuring appara-
tus controlling method, the constituent concentration measur-
ing apparatus controlling method further comprises an opti-
mum position detection procedure in which acoustic wave
generators output acoustic waves from two or more different
positions to said object to be measured and acoustic wave
detection means detects a position where intensity of said
acoustic wave transmitted through said object to be measured
becomes a particular value, the constituent concentration
measuring apparatus controlling method characterized in that
said light outgoing means outputs intensity modulated light to
said object to be measured from the position where intensity
of said acoustic wave becomes the particular value.

[0262] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal is probed in each propagation path by changing the
acoustic wave propagation path, and then the photoacoustic
signal is detected by outputting the intensity modulated light
such that the photoacoustic signal propagates through the
propagation path in which the acoustic wave intensity
detected by the acoustic wave detection means becomes the
particular value. Therefore, the photoacoustic signal can be
detected in the optimum arrangement.

[0263] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure for setting the light wavelengths of
said two light beams to two light wavelengths where an
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absorption difference exhibited by the liquid constituent set
as the measuring object is larger than the absorption differ-
ence exhibited by a solvent.

[0264] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure for setting one of the light wave-
lengths of said two light beams to a light wavelength where
the liquid constituent set as the measuring object exhibits
characteristic absorption, and while the other light wave-
length is set to a wavelength where the solvent exhibits an
equal absorption to that for said one of the light wavelengths.
[0265] One aspect of the invention is the case where the
difference in absorption exhibited by the solvent is set to zero,
in the light generating procedure in the constituent concen-
tration measuring apparatus controlling method in which the
light wavelengths of the two light beams are set to two light
wavelengths so that the absorption difference exhibited by the
liquid constituent set as the measuring object is larger than the
absorption difference exhibited by the solvent. Therefore, the
influence by the absorption of the solvent can be eliminated.
[0266] 1In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure in which the light wavelengths of
said two light beams are set to two wavelengths where an
absorption difference exhibited by the liquid constituent set
as the measuring object is larger than the absorption differ-
ence exhibited by other liquid constituents.

[0267] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the two light beams
from said light outgoing means are combined and outputted
to said object to be measured.

[0268] The light can be focused on the measurement
region, so that the photoacoustic signal can efficiently be
generated.

[0269] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the detected acous-
tic wave is further rectified and amplified to detect amplitude
of the acoustic wave.

[0270] The amplitude of the ultrasonic wave can be
detected from the detected photoacoustic signal.

[0271] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
liquid constituent concentration computation procedure for
computing a constituent concentration of a liquid constituent
from pressure of the acoustic wave detected in said acoustic
wave detection procedure, the liquid constituent being set as
a measuring object.

[0272] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
recording procedure for recording the acoustic wave as a
function of the modulation frequency after said acoustic wave
detection procedure, the acoustic wave being detected in said
acoustic wave detection procedure.

[0273] By including the means for recording the photoa-
coustic signal detected by the acoustic wave detection means
for each swept modulation frequency, if resonance frequency
of the acoustic wave detection means happens to change, still
the modulation frequency sweep range of the irradiating light
covers the range in which the resonance frequency possibly
changes, the values measured with high accuracy can be
selected from the detected photoacoustic signals, which are
integrated and averaged to confirm that the constituent con-
centration is correctly measured.
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[0274] 1In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the light outgo-
ing procedure, an object to be measured is placed in contact
with an outgoing surface of said intensity modulated light,
and said object to be measured is directly irradiated with said
intensity modulated light.

[0275] The object to be measured is arranged so as to come
into contact with the outgoing surface of the intensity modu-
lated light, and the object to be measured is directly irradiated
with the intensity modulated light. Thus, the attenuation of
intensity modulated light caused by the absorption in the
acoustic matching substance and the like can be prevented.
Accordingly, since the object to be measured can efficiently
be irradiated with the intensity modulated light, the photoa-
coustic signal emitted from the object to be measured is
increased, and the accuracy can further be improved in the
photoacoustic signal detected by the acoustic wave detection
means.

[0276] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention is
characterized by sequentially comprising a light generating
procedure in which light generating means generates light; a
frequency sweep procedure in which frequency sweep means
sweeps a modulation frequency, the light generated in said
light generating procedure being modulated in the modula-
tion frequency; a light modulation procedure in which light
modulation means electrically intensity-modulates the light
using a signal swept in said frequency sweep procedure, the
light being generated in said light generating procedure; a
light outgoing procedure in which light outgoing means out-
puts the light intensity-modulated in said light modulation
procedure; an acoustic wave detection procedure in which
acoustic wave detection means detects an acoustic wave
which is generated by the light emitted in said light outgoing
procedure; and an integration procedure in which integration
means integrates the acoustic wave in a swept modulation
frequency range, the acoustic wave being detected in said
acoustic wave detection procedure.

[0277] Inoneaspectoftheinvention, the lightis electrically
intensity-modulated using the modulation signal whose fre-
quency is swept in a predetermined range, the intensity-
modulated light is outputted, the photoacoustic signal gener-
ated by the outputted light is detected, and the detected
photoacoustic signal is integrated to compute the constituent
concentration which is the measurement objective in the test
subject. At this point, the wavelength of the outputted light is
set at the wavelength in which the constituent set as the
measuring object exhibits the absorption. Thus, the change in
sensitivity characteristics of the acoustic wave detection
means can be tracked to measure the constituent concentra-
tion which is the measurement objective at the frequency
where the optimal sensitivity is attainable.

[0278] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention
comprising a light generating procedure in which light gen-
erating means generates light; a light modulation procedure
in which light modulation means electrically intensity-modu-
lates the light at a constant frequency, the light being gener-
ated in said light generating procedure; a light outgoing pro-
cedure in which light outgoing means outputs the intensity
modulated light intensity-modulated in said light modulation
procedure; and an acoustic wave detection procedure in
which acoustic wave detection means detects an acoustic
wave generated by said intensity modulated light in said light
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outgoing procedure, the constituent concentration measuring
apparatus controlling method characterized in that said light
outgoing procedure and said acoustic wave detection proce-
dure are performed in a container filled with an acoustic
matching substance having an acoustic impedance substan-
tially equal to that of a test subject.

[0279] One aspect of the invention is characterized in that
the photoacoustic signal is detected under the environment
whose photoacoustic signal is substantially equal to the
acoustic impedance of the test subject. The intensity modu-
lated light which is intensity-modulated in the constant fre-
quency is outputted, the photoacoustic signal which is of the
acoustic wave generated by the outputted light is detected to
measure the concentration of the particular constituent con-
tained in the liquid by the acoustic wave detection means
though the acoustic matching substance. The light outgoing
procedure and the acoustic wave detection procedure are
performed in the container which is filled with the acoustic
matching substance having an acoustic impedance substan-
tially equal to that of the test subject. Therefore, the photoa-
coustic signal can be detected under the environment in which
the test subject is surrounded by the acoustic matching sub-
stance, and the attenuation can be decreased. The attenuation
is caused by the reflection of photoacoustic signal on the
boundary between the test subject and surroundings, and the
attenuation also occurs at the contact between the test subject
and the acoustic wave detection means.

[0280] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention is
characterized by sequentially comprising an optimum posi-
tion detection procedure in which acoustic wave generators
output acoustic waves from two or more different positions to
a test subject and acoustic wave detection means detects a
position where intensity of said acoustic wave transmitted
through said test subject becomes a particular value; and an
acoustic wave detection procedure in which light outgoing
means outputs intensity modulated light from the position
where intensity of said acoustic wave transmitted through
said test subject becomes the particular value, the intensity
modulated light being intensity-modulated at a constant fre-
quency, and said acoustic wave detection means detects the
acoustic wave emitted by said intensity modulated light.
[0281] One aspect of the invention is characterized in that,
when the constituent concentration which is the measurement
objective is measured by the photoacoustic method, the ultra-
sonic wave (in this case, referred to as acoustic wave) emitted
from the acoustic wave generator which is placed near irra-
diation position of the excitation light, i.e., near source of
photoacoustic signal is detected as a reference signal to
search for a arrangement which optimizes a positional rela-
tionship between the photoacoustic signal source and the
acoustic wave detection means. The photoacoustic signal is
detected under the optimum arrangement, which allows the
constituent concentration to be measured using a propagation
path which minimizes the adverse influence of scatterers such
as a bone.

[0282] When the photoacoustic signal is detected in the
arrangement in which the detected acoustic wave signal
intensity becomes a predetermined value such that the attenu-
ation amount of acoustic wave is kept constant, the photoa-
coustic signal can be detected while influences of uncertain
factors are eliminated. The uncertain factors include the
change in influence of the scatterers on the photoacoustic
signal by the change in positional relationship between the
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photoacoustic signal generation source and the acoustic wave
detection means as well as by the change at the contact
between the acoustic wave detection means and the test sub-
ject. Therefore, the constituent concentration can be mea-
sured with no influence of the many parameters associated
with the positional change of the constituent concentration
measuring apparatus.

[0283] When the test subject, particularly the living body
and the devices are optimally arranged in a measuring system
of the photoacoustic method, means for adjusting the arrange-
ment is mechanized to operate concurrently with the acoustic
wave detection means, which becomes the constituent con-
cenfration measurement to be automated in the optimum
arrangement. In the invention, the intensity modulated light
which 1s modulated by the constant frequency is used as the
excitation light.

[0284] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal is probed in each propagation path by changing the
acoustic wave propagation path, and then the photoacoustic
signal is detected by outputting the intensity modulated light
such that the photoacoustic signal propagates through the
path in which the acoustic wave intensity detected by the
acoustic wave detection means becomes the particular value.
Therefore, the photoacoustic signal can be detected in the
optimum arrangement.

[0285] A constituent concentration measuring apparatus
controlling method according to one aspect of the invention is
characterized by sequentially comprising a light generating
procedure in which light generating means generates two
light beams having different wavelengths; a light modulation
procedure in which light modulation means electrically inten-
sity-modulates each of the two light beams having the mutu-
ally different wavelengths using signals having the same fre-
quency and reverse phases, the two light beams having the
mutually different wavelengths being generated in said light
generating procedure;

[0286] a light outgoing procedure in which light outgoing
means outputs the two intensity-modulated light beams hav-
ing the mutually different wavelengths, which are intensity-
modulated in said light modulation procedure; and an acous-
tic wave detection procedure in which acoustic wave
detection means detects an acoustic wave generated by the
light emitted in said light outgoing procedure.

[0287] In one aspect of the invention, each of the two light
beams having the mutually different wavelengths is electri-
cally intensity-modulated using the signals having the same
frequency and reverse phases, so that the acoustic wave cor-
responding to each ofthe two light beams having the mutually
different wavelengths can be detected with no influence from
a frequency dependence of the acoustic wave detection
means.

[0288] One ofthe two light beams generates acoustic wave
having the pressure corresponding to the total absorption in
the state where the constituent of the measuring object and
water are mixed together in the test subject, and the other light
beam generates the acoustic wave having the pressure origi-
nating only from the water occupying the large part of the test
subject so that the pressure of the acoustic wave generated
only by the constituent of the measuring object is detectable
as the difference between two acoustic waves. As a result,
quantity of the constitute in the measuring object can be
measured.

May 16, 2013

[0289] With the two acoustic wave pressures, one gener-
ated by one of the two light beams corresponding to the total
absorption in the state where the constituent of the measuring
object and water are mixed together in the test subject to be
measured, while another generated by the other light beam
corresponding only to the water occupying the large part of
the test subject to be measured, their frequencies are equal to
each other and the phase are reversed to each other, therefore,
the pressures are superposed to each other in the form of
acoustic wave in the test subject, and the difference in pres-
sure of the acoustic waves is directly detected. Accordingly,
the difference in pressure of the acoustic waves can be
obtained more accurately rather than by computing the dif-
ference from separate measurement of the pressure of the
acoustic wave generated by one of the two light beams cor-
responding to the total absorption in the state where the con-
stituent of the measuring object and water are mixed together
in the test subject to be measured, as well as of the pressure of
the acoustic wave generated by the other light beam corre-
sponding only to the water occupying the large part of the test
subject. The above point constitutes a novel advantage which
does not exist in the conventional techniques.

[0290] In one aspect of the invention, the modulation fre-
quency by which the two light beams having the mutually
different wavelengths are electrically intensity-modulated
can be set to the resonant frequency concerning the detection
of the acoustic wave generated in the test subject to be mea-
sured. The photoacoustic signal is measured for the two light
beams having mutually different wavelengths which are
selected by a consideration on the non-linearity regarding to
the absorption coefficient in the measured value of the pho-
toacoustic signal. Then, the acoustic wave generated in the
test subject can be measured with a high accuracy from the
measured values while the influences of the many parameters
which are hardly kept constant, are eliminated.

[0291] In the constituent concentration measuring appara-
tus controlling method, the constituent concentration measuz-
ing apparatus controlling method further comprises a second
light outgoing procedure in which second light outgoing
means outputs the light intermittently emitted at intervals
which are longer than the repetition period for said same
frequency, the constituent concentration measuring apparatus
controlling method characterized in that, in said acoustic
wave detection procedure, said acoustic wave detection
means detects the acoustic wave generated by the light beams
outputted in said light outgoing procedure and said second
light outgoing procedure.

[0292] According to one aspect of the invention, the pho-
toacoustic signal emission amount by the absorption at the
constituent set as the measuring object is increased in the test
subject, particularly in the living body tissue, so that the
accurate constituent concentration can be measured in the
noninvasive manner.

[0293] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the second light
outgoing means outputs the light having a wavelength which
exhibits a characteristic absorption of a constituent different
from the constituent set as the measuring object.

[0294] Only the photoacoustic signal from the blood con-
stituent can be increased by raising the temperature of the
blood tissue as compared with the non-blood tissue.

[0295] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the second light
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outgoing means emits the light having a wavelength which
exhibits a characteristic absorption of hemoglobin in blood.
[0296] Only the photoacoustic signal from the blood con-
taining the hemoglobin can be increased by raising the tem-
perature of the hemoglobin.

[0297] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the second light
outgoing means emits the light at intervals during which
temperature rise of 2° C. or less is resulted in the test subject.
[0298] The influence on the test subject can be suppressed
to the minimum.

[0299] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the second light
outgoing means emits the light of an intensity by which
temperature rise of 2° C. or less is resulted in the test subject.
[0300] The influence on the test subject can be suppressed
to the minimum.

[0301] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
frequency sweep procedure in which frequency sweep means
sweeps a modulation frequency, the light generated in said
light generating procedure being modulated in the modula-
tion frequency; and an integration procedure in which inte-
gration means integrates the acoustic wave in a swept modu-
lation frequency range, the acoustic wave being detected in
said acoustic wave detection procedure.

[0302] In one aspect of the invention, the photoacoustic
signal generated in the test subject is integrated in the swept
modulation signal range. The photoacoustic signal exploiting
the high sensitivity in the frequency corresponding to the
resonance frequency of the acoustic wave detection means is
integrated even if the resonance frequency of the acoustic
wave detection means suffers a drift. Thus measurement can
be performed always with the high-sensitivity resonance fre-
quency.

[0303] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the acoustic
wave detection procedure, the modulation frequency swept in
said frequency sweep procedure is tracked to detect the
acoustic wave emitted by the irradiated light, and in said
integration procedure, the acoustic wave is integrated in the
modulation frequency range having high detection sensitivity
in said acoustic wave detection procedure, the acoustic wave
being detected by said acoustic wave detection procedure.
[0304] Inone aspect ofthe invention, in the case where the
resonance frequency of the acoustic wave detection means
happens to change, the change in resonance frequency of the
acoustic wave detection means in which the detection sensi-
tivity becomes the maximum is determined from the result on
the measurement of the photoacoustic signal emitted in the
test subject to be measured by the irradiation light which is
modulated by the frequency-swept modulation frequency,
and the change in resonance frequency is tracked to integrate
the detected value of the photoacoustic signal near the reso-
nance frequency.

[0305] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
constituent concentration computation procedure for com-
puting a constituent concentration of a constituent from the
acoustic wave integrated by said integration procedure, the
constituent being set as a measuring object.

[0306] Inoneaspect of the invention, theoretical or experi-
mental values showing the relationship between the photoa-
coustic signal generated in the test subject and the constituent
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concentration set as the measuring object are prepared
beforehand, and the constituent concentration of the measutr-
ing object is computed based on the detected value of the
photoacoustic signal generated in the test subject.

[0307] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light outgoing
procedure and said acoustic wave detection procedure are
performed in a container which is filled with an acoustic
matching substance having an acoustic impedance substan-
tially equal to that of a test subject.

[0308] The light outgoing procedure and the acoustic wave
detection procedure are performed in the container filled with
the acoustic matching substance having an acoustic imped-
ance substantially equal to that of the test subject, which
allows the photoacoustic signal to be detected under the envi-
ronment in which the test subject is surrounded by the acous-
tic matching substance. Therefore, the degradation of the
photoacoustic signal can be reduced. The degradation of the
photoacoustic signal is caused by the boundary reflection
between the test subject and the surrounding thereof as well as
at the contact between the test subject and the acoustic wave
detection means.

[0309] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the acoustic
wave detection procedure, said acoustic wave is detected
through an acoustic matching substance having an acoustic
impedance substantially equal to that of said test subject.
[0310] The photoacoustic signal is detected through the
acoustic matching substance having acoustic impedance sub-
stantially equal to that of the test subject; so that the boundary
reflection between the test subject and the surroundings
thereof and the pressure and vibration impairing the acoustic
wave detection means can be prevented.

[0311] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the light outgo-
ing procedure, said intensity modulated light is arranged on
the inner wall surface of said container, and said intensity
modulated light is outputted through an outgoing window
which is transparent for said intensity modulated light.
[0312] The light outgoing means can be arranged outside
the container by being furnished with an outgoing window
transparent for the intensity modulated light in the container,
so that the light outgoing means is easily placed. The intensity
modulated light can be outputted from the inner wall surface
of the container, so that the influence of surface irregularity on
the inner wall of the container can be suppressed to decrease
the reflection of the photoacoustic signal.

[0313] In the constituent concentration measuring appara-
tus controlling method. it is desirable that, in the test subject,
aregion irradiated with said intensity modulated light is cov-
ered with said acoustic matching substance in either sol or gel
form.

[0314] In the test subject, the region irradiated with the
intensity modulated light is covered with the liquid, sol or gel
acoustic matching substance. Therefore, the photoacoustic
signal can be detected from the test subject under the envi-
ronment in which the test subject is surrounded by the acous-
tic matching substance.

[0315] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the container is
filled with water as for said acoustic matching substance.
[0316] Because the acoustic impedance of the test subject is
very close to that of the water, a detection of the photoacoustic
signal under the environment where the test subject is sur-
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rounded by the water can decrease the attenuation of the
photoacoustic signal due to the reflection which is caused by
the boundary reflection between the test subject and the sur-
roundings and by the contact between the test subject and the
acoustic wave detection means.

[0317] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise an
optimum position detection procedure in which acoustic
wave generators output acoustic waves from two or more
different positions and acoustic wave detection means detects
a position where intensity of said acoustic wave transmitted
through said test subject becomes a particular value.

[0318] According to one aspect of the invention, the influ-
ence of the reflecting/scattering scatterers on the photoacous-
tic signal can be probed for each propagation path by chang-
ing the acoustic wave propagation path.

[0319] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, the light outgoing
means output the light from the position where intensity of the
acoustic wave becomes the particular value.

[0320] The photoacoustic signal can be detected under the
optimum arrangement by outputting the intensity modulated
light such that the photoacoustic signal propagates through
the propagation path in which the acoustic wave intensity
detected by the acoustic wave detection means becomes the
particular value. Additionally the photoacoustic signal can
always be detected in the optimum arrangement by keeping
the optimum position detection means to operate automati-
cally on the light outgoing means.

[0321] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the acoustic
wave detection procedure, said light outgoing means emits
the light through a transmission window furnished ina part of
said acoustic wave generator, the transmission window being
transparent for said intensity modulated light.

[0322] According to one aspect of the invention, the test
subject can be irradiated with the intensity modulated light
through the acoustic wave generator. Therefore, the test sub-
ject can be irradiated with the intensity modulated light from
the optimum position of the acoustic wave generator.

[0323] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the optimum
position detection procedure, said acoustic wave generator
outputs said acoustic wave having the substantially the same
frequency as said intensity modulated light, or said acoustic
wave generator increases or decreases the intensity of the
acoustic wave outputted according to the intensity of said
acoustic wave detected in said acoustic wave detection
means.

[0324] According to one aspect of the invention, the influ-
ence of the scatterers on the photoacoustic signal can be
probed with the acoustic wave having the frequency equal to
that of the photoacoustic signal detected by the acoustic wave
detection means. The intensity of the acoustic wave outputted
from the acoustic wave generator can be increased or
decreased according to the intensity of the acoustic wave
detected by the acoustic wave detection means, so that the
detected intensity can be compared even if the intensity
detected by the acoustic wave detection means is small.
[0325] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the optimum
position detection procedure, the acoustic wave generator and
the acoustic wave detection means detect the acoustic wave
by pressing the acoustic wave generator and the acoustic
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wave detection means against the test subject with pressing
force whose pressure can be controlled.

[0326] According to one aspect of the invention, since the
pressure for pressing the acoustic wave generator and the
acoustic wave detection means against the test subject is
controllable, the pressure at which the acoustic wave genera-
tor and the acoustic wave detection means come into contact
with the test subject can be kept at a predetermined value.
Therefore, the influence of the pressure on the test subject can
be reduced.

[0327] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure in which the light wavelengths of
said two light beams to two wavelengths where an absorption
difference exhibited by the constituent set as a measuring
object is larger than the absorption difference exhibited by a
solvent.

[0328] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure for setting one of the light wave-
lengths of said two light beams is set to a wavelength where
the constituent set as the measuring object exhibits character-
istic absorption while the other light wavelength is set to a
wavelength in which the solvent exhibits an equal absorption
to that for said one of the light wavelengths.

[0329] One aspect of the invention is the case where the
difference in absorption exhibited by the solvent is set to zero,
in the light generating procedure in the constituent concen-
tration measuring apparatus controlling method in which the
light wavelengths of the two light beams are set to two light
wavelengths so that the absorption difference exhibited by the
constituent set as the measuring object is larger than the
absorption difference exhibited by the solvent. Thereby, the
influence by the absorption of the solvent can be eliminated.

[0330] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure in which the light wavelengths of
said two light beams are set to two wavelengths where an
absorption difference exhibited by the liquid constituent set
as the measuring object is larger than the absorption differ-
ence exhibited by other liquid constituents.

[0331] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure for setting the light wavelengths of
said two light beams to two wavelengths where an absorption
difference exhibited by the blood constituent set as the mea-
suring object is larger than the absorption difference exhib-
ited by a water.

[0332] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure for setting one of the light wave-
lengths of said two light beams to a light wavelength where
the blood constituent set as the measuring object exhibits
characteristic absorption while the other light wavelength is
set to a wavelength wherea water exhibits an equal absorption
to that for said one of the light wavelengths.

[0333] One aspect of the invention is the case where the
difference in absorption exhibited by the water is set to zero,
in the light generating procedure in the constituent concen-
tration measuring apparatus in which the light wavelengths of
the two light beams are set to two light wavelengths so that the
absorption difference exhibited by theblood constituent set as
the measuring object is larger than the absorption difference
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exhibited by the water. Therefore, the influence by the absorp-
tion of the water can be eliminated.

[0334] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure is a procedure for setting the light wavelengths of
said two light beams to two wavelengths where an absorption
difference exhibited by the blood constituent set as the mea-
suring object is larger than the absorption difference exhib-
ited by other blood constituents.

[0335] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the two light beams
are combined and irradiated from said light outgoing means.
[0336] The light can be focused on the measurement
region, so that the photoacoustic signal can efficiently be
generated.

[0337] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the detected acous-
tic wave is further rectified and amplified to detect amplitude
of the acoustic wave.

[0338] The amplitude of the acoustic wave can be detected
from the detected photoacoustic signal.

[0339] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the rectifying
amplification is phase sensitive amplification.

[0340] The amplitude of the ultrasonic wave can be
detected from the photoacoustic signal with a high sensitivity.
[0341] In the constituent concentration measuring appara-
tus controlling method, it is desirable that diameters of the
two light beams from said light outgoing means are substan-
tially equal to each other.

[0342] The measurement accuracy can be improved by
matching the measurement regions.

[0343] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
constituent concentration computation procedure for com-
puting the concentration of a constituent from pressure of the
acoustic wave detected by said acoustic wave detection, the
constituent being set as a measuring object.

[0344] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the constituent
concentration computation procedure is a procedure for mea-
suring pressure of the acoustic wave generated by said two
light beams having the mutually different wavelengths, and
the pressure of the generated acoustic wave is generated when
one of said two light beams is set to zero power, and then
diving the pressure ofthe acoustic wave generated by said two
light beams by the pressure of the acoustic wave generated
when one of said two light beams is set to zero power.
[0345] As described above, the pressure of the acoustic
wave generated by irradiating the test subject with the two
light beams having the mutually different wavelengths is
detected as the difference between the pressure of the acoustic
wave generated by one of the two light beams corresponding
to the total absorption in the state where the constituent of the
measuring object and water are mixed together in the test
subject and the pressure of the acoustic wave generated by the
other light beam corresponding to the water alone occupying
the large part of the test subject. The constituent concentration
can be measured by dividing the difference by the acoustic
wave pressure generated when one of the two light beams is
setto zero, 1.e., theacoustic wave pressure generated solely by
the water occupying the large part of the test subject accord-
ing to the later-mentioned formula (5).
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[0346] 1In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light modula-
tion procedure is a procedure for performing modulation with
the same frequency as a resonant frequency concerning detec-
tion of the generated acoustic wave.

[0347] In one aspect of the invention, the modulation fre-
quency by which the two light beams having the mutually
different wavelengths are electrically intensity-modulated is
set to the same frequency as the resonant frequency concern-
ing the detection of the acoustic wave generated in the test
subject. Therefore, the acoustic wave generated in the test
subject can be measured with high accuracy.

[0348] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise an
intensity adjustment procedure between said light modula-
tion procedure and said light outgoing procedure, the inten-
sity adjustment procedure adjusting relative intensity of said
two light beams having the mutually different wavelengths
such that pressure of the acoustic wave becomes zero, the
acoustic wave being generated by combining said two inten-
sity-modulated light beams having the different wavelengths
into a single light beam to irradiate water.

[0349] According to the above calibration, the relative
intensity between the two light beams having the mutually
different wavelengths can be set such that the intensity of the
photoacoustic signal emitted from the water occupying the
large part of test subject is equalized for the wavelengths of
two light beams. Consequently for the whole system for mea-
suring photoacoustic signal, the relative intensity between the
two light beams having the mutually different wavelengths
can be calibrated to improve the measurement accuracy.
[0350] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the acoustic wave
detection procedure is a procedure for synchronizing with
said modulation frequency to detect the acoustic wave by
phase sensitive detection.

[0351] The photoacoustic signal is detected by the phase-
sensitive detection synchronized with the modulation fre-
quency, so that the detection can be performed with a high
accuracy.

[0352] In the constituent concentration measuring appara-
tus controlling method, it is desirable that the light generating
procedure and the light modulation procedure are a procedure
for directly modulating each of the two semiconductor laser
light sources using the rectangular-waveform signals having
the same frequency and reverse phases.

[0353] In one aspect of the invention, the two light beams
having the mutually different wavelengths can be generated
and at the same time be modulated by using two directly-
modulated semiconductor laser light sources driven by rect-
angular-waveform signals having the same frequency and
reverse phases, so that the apparatus configuration can be
simplified.

[0354] In the constituent concentration measuring appara-
tus controlling method, itis desirable that a blood constituent
which is set as the measuring object is glucose or cholesterol.
[0355] 1In the case where the concentration of glucose or
cholesterol is measured, the measurement can accurately be
performed by irradiating the test subject with the light having
the wavelength exhibiting the characteristic absorption.
[0356] In the constituent concentration measuring appara-
tus controlling method, it is desirable to further comprise a
recording procedure after said acoustic wave detection pro-
cedure, recording procedure recording the acoustic wave as a
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function of the modulation frequency, the acoustic wave
being detected by said acoustic wave detection procedure.
[0357] By including the means for recording the photoa-
coustic signal detected by the acoustic wave detection means
for each swept modulation frequency, if the resonance fre-
quency of the acoustic wave detection means happens to
change, still the modulation frequency sweep range of the
irradiating light covers the range in which the resonance
frequency possibly changes, the values measured with high
accuracy can be selected from the detected photoacoustic
signals, which are integrated and averaged to confirm that the
constituent concentration is correctly measured.

[0358] In the constituent concentration measuring appara-
tus controlling method, it is desirable that, in the light outgo-
ing procedure, a test subject is placed in contact with an
outgoing surface of said intensity modulated light.

[0359] The test subject is arranged so as to come into con-
tact with the outgoing surface of the intensity modulated
light, and the test subject is directly irradiated with the inten-
sity modulated light. Thus, the attenuation of intensity modu-
lated light caused by the absorption in the acoustic matching
substance and the like can be prevented. Accordingly, since
the test subject can efficiently be irradiated with the intensity
modulated light, the photoacoustic signal emitted from the
test subject is increased, and the accuracy can further be
improved in the photoacoustic signal detected by the acoustic
wave detection means.

Effect of the Invention

[0360] In the noninvasive constituent concentration mea-
suring apparatus and constituent concentration measuring
apparatus controlling method according to the invention,
when the photoacoustic signal emitted following irradiation
of the liquid or the test subject with the intensity-modulated
light is detected to measure the constituent concentration, the
modulation frequency at which the light is intensity-modu-
lated is swept in a range where the acoustic wave detection
means possibly shows the resonant high sensitivity, and the
photoacoustic signal is measured at the frequency where the
modulation frequency matches the resonance frequency of
the acoustic wave detection means. Therefore, the constituent
concentration set as the measuring object can correctly be
measured.

[0361] In the noninvasive constituent concentration mea-
suring apparatus and constituent concentration measuring
apparatus controlling method according to the invention, the
two light beams having the mutually different wavelengths
are intensity-modulated at the same frequency, the liquid or
the test subject is irradiated with the intensity-modulated light
beams to measure the photoacoustic signal generated in the
liquid or the test subject. Therefore, the unevenness on the
frequency characteristics of the acoustic wave detection
means does not have adverse influence. In addition, the
modulation frequency at which the light is intensity-modu-
lated is swept in the range spanning the resonance frequency
of the acoustic wave detection means which is possibly
changed, and the photoacoustic signal is measured at the
frequency which matches the resonance frequency of the
acoustic wave detection means. Therefore, the detection is
hardly affected by the external influence, and the measure-
ment can correctly be performed.

[0362] In the constituent concentration measuring appara-
tus and constituent concentration measuring apparatus con-
trolling method according to the invention, the photoacoustic

May 16, 2013

signal is detected under the environment of the acoustic
impedance which is substantially equal to the acoustic imped-
ance of the object to be measured or the test subject, so that
signal attenuation can be minimized. The attenuation is
caused by the boundary reflection between the test subject
and the surroundings thereof, as well as by the contact
between the test subject and the acoustic wave detection
means. Furthermore, the decrease in sound collection effi-
ciency of acoustic wave detection means and the decrease in
accuracy of the photoacoustic signal can also be prevented.
[0363] According to the invention, the arrangement in
which the positional relationship between the photoacoustic
signal generation source and the acoustic wave detection
means becomes optimum is searched for. Thus, the constitu-
ent concentration can be measured by detecting the photoa-
coustic signal in the optimum arrangement in which the scat-
terers such as a bone has little influence.

[0364] Furthermore, the photoacoustic signal is detected in
the arrangement in which the signal intensity of the detected
acoustic wave becomes the predetermined value, so that the
constituent concentration can be measured without influence
of the many parameters associated with a change in place-
ment of the constituent concentration measuring apparatus.
[0365] Furthermore, the influence of the pressure pressing
the test subject is reduced by pressing the acoustic wave
detection means against the test subject with a constant pres-
sure.

[0366] Accordingly, in the photoacoustic method, the influ-
ence of the reflection/scattering or the influence of the pres-
sure pressing the test subject can be reduced to improve the
measurement accuracy of the photoacoustic signal.

[0367] In the noninvasive constituent concentration mea-
suring apparatus and constituent concentration measuring
apparatus controlling method according to the invention, the
two light beams having the mutually different wavelengths
are selected in consideration of the non-linearity of the pho-
toacoustic signal in respect to the absorption coefficient, the
photoacoustic signals for the light beams are measured, and
the constituent concentration set as the measuring object can
correctly be computed while the influence of the many param-
eters which are hardly kept constant are eliminated.

[0368] In the constituent concentration measuring appara-
tus and constituent concentration measuring apparatus con-
trolling method according to the invention, the two light
beams having the mutually different wavelengths are selected
in consideration of the non-linearity of the photoacoustic
signalinrespect to the absorption coefficient, the photoacous-
tic signals, for the light beams are measured, and the constitu-
ent concentration set as the measuring object can correctly be
computed while the influence of the many parameters which
are hardly kept constant are eliminated. In the noninvasive
constituent concentration measuring apparatus and constitu-
ent concentration measuring apparatus controlling method
according to the invention, the two light beams having the
mutually different wavelengths are intensity-modulated by
the signals having the same frequency, the test subject is
irradiated with the intensity-modulated light beams to mea-
sure the photoacoustic signal generated in the test subject.
Therefore, the unevenness on the frequency characteristics of
the acoustic wave detection means does not affect the mea-
surement. Furthermore, the invention enables an application
of the resonance type detector which is effective for the
improvement of the acoustic wave detection sensitivity, and
the measurement can be performed in a short time even for
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physically debilitated persons or ambulatory animals. Fur-
thermore, in the constituent concentration measuring appara-
tus and constituent concentration measuring apparatus con-
trolling method according to the invention, either the forward
propagation type that detects the acoustic wave propagating
in the direction of irradiation or the backward propagation
type that detects the acoustic wave propagating back to the
irradiation can be configured. Particularly, the latter is con-
venient for miniaturization.

[0369] In the constituent concentration measuring appara-
tus and constituent concentration measuring apparatus con-
trolling method according to the invention, the constituent
contained in the liquid can correctly be measured in the non-
invasive manner. In the constituent concentration measuring
apparatus and constituent concentration measuring apparatus
controlling method according to the invention, the test subject
is irradiated with three light beams to measure the photoa-
coustic signal from the test subject. Thus, the constituent
concentration contained in the test subject can correctly be
measured in the noninvasive manner. Particularly, the back-
ground signal from non-blood tissues can be removed, when
the third light wavelength is set at the wavelength in which the
blood alone exhibits absorption.

[0370] In the noninvasive constituent concentration mea-
suring apparatus according to the invention, the constituent
concentration of the test subject can be measured in the non-
invasive manner. The size of the test subject including its
sides is kept constant, and moreover reflected wave from
those sides is suppressed. Therefore, the constituent concen-
tration can be measured stably and correctly. In the noninva-
sive constituent concentration measuring apparatus accord-
ing to the invention, the compact and contact apparatus can be
realized by forming the apparatus in the ring shape or the
bracelet shape, and the apparatus can be fitted while carried.

BRIEF DESCRIPTION OF THE DRAWINGS

[0371] FIG.1is an explanatory view showing a configura-
tion ofa blood constituent concentration measuring apparatus
according to an embodiment;

[0372] FIG. 2 is an explanatory view of a sound source
distribution in a living body;

[0373] FIG. 3 isanexplanatory view of a shape function for
the sound source distribution in the living body;

[0374] FIG. 4 is an explanatory view showing a photoa-
coustic signal of the blood constituent concentration measur-
ing apparatus according to the embodiment;

[0375] FIG. 5is an explanatory view showing the photoa-
coustic signal of the blood constituent concentration measur-
ing apparatus according to the embodiment;

[0376] FIG. 6 is an explanatory view showing the photoa-
coustic signal of the blood constituent concentration measur-
ing apparatus according to the embodiment;

[0377] FIG. 7 is an explanatory view showing a pair of
wavelengths used along with the light absorption properties
of water and glucose;

[0378] FIG. 8 is an explanatory view showing the light
absorption properties of water and glucose;

[0379] FIG. 9 is an explanatory view showing a configura-
tion example of the blood constituent concentration measur-
ing apparatus according to the embodiment;

[0380] FIG. 10 is an explanatory view showing a configu-
ration example of the blood constituent concentration mea-
suring apparatus according to the embodiment;
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[0381] FIG. 11 is an explanatory view showing the light
absorption properties of water;

[0382] FIG. 12 is an explanatory view showing the light
absorption properties of cholesterol;

[0383] FIG. 13 is an explanatory view showing a configu-
ration example of the blood constituent concentration mea-
suring apparatus according to the embodiment;

[0384] FIG. 14 is an explanatory view showing the embodi-
ment of the blood constituent concentration measuring appa-
ratus according to the embodiment;

[0385] FIG. 15is an explanatory view showing the embodi-
ment of the blood constituent concentration measuring appa-
ratus according to the embodiment;

[0386] FIG. 16 is an explanatory view showing the photoa-
coustic signal in the embodiment;

[0387] FIG. 17 is an explanatory view showing the photoa-
coustic signal in the embodiment;

[0388] FIG. 18 is an explanatory view showing an example
of the blood constituent concentration measuring apparatus
according to the embodiment;

[0389] FIG. 19 is an explanatory view showing an example
of the blood constituent concentration measuring apparatus
according to the embodiment;

[0390] FIG. 20 is an explanatory view showing a configu-
ration of the blood constituent concentration measuring appa-
ratus according to the embodiment;

[0391] FIG. 21 is an explanatory view showing sensitivity
characteristics of an ultrasonic detector according to the
embodiment;

[0392] FIG. 22 is an explanatory view showing a configu-
ration ofthe blood constituent concentration measuring appa-
ratus according to the embodiment;

[0393] FIG. 23 is a schematic view showing an example of
the blood constituent concentration measuring apparatus
according to the embodiment;

[0394] FIG. 24 is a transverse sectional view taken on line
D-D' of FIG. 23, and FIG. 24 shows a first mode of the blood
constituent concentration measuring apparatus;

[0395] FIG. 25 is a transverse sectional view taken on line
D-D' of FIG. 23, and FIG. 25 shows a second mode of the
blood constituent concentration measuring apparatus;
[0396] FIG. 26 is a longitudinal sectional showing a fourth
mode of the blood constituent concentration measuring appa-
ratus;

[0397] FIG. 27 is a longitudinal sectional showing a fifth
mode of the blood constituent concentration measuring appa-
ratus;

[0398] FIG. 28 is a transverse sectional view taken on line
F-F' of FIG. 27;
[0399] FIG. 29 is a circuit diagram showing an example of

the blood constituent concentration measuring apparatus;
[0400] FIG. 30 is alongitudinal sectional view of the blood
constituent concentration measuring apparatus, and FIG. 30
shows an example in which the blood constituent concentra-
tion measuring apparatus is applied to a fingertip of a human
body;

[0401] FIG. 31 is a transverse sectional view taken on line
H-H' of FIG. 30;

[0402] FIG. 32 is alongitudinal sectional view of the blood
constituent concentration measuring apparatus, and FIG. 32
shows an example in which the blood constituent concentra-
tion measuring apparatus is applied to the finger of the human
body;



US 2013/0118262 Al

[0403] FIG. 33 is a transverse sectional view taken on line
N-N'of FIG. 32;

[0404] FIG. 34 is a circuit diagram of the blood constituent
concentration measuring apparatus according to the embodi-
ment;

[0405] FIG. 35 is a schematic view showing an example of
an acoustic wave generator and acoustic wave detection
means, FIG. 35(a) is an external view, FIG.35(b) 1s a top view
of the acoustic wave generator, FIG. 35(c) is a perspective
view of the acoustic wave generator, and FIG. 35(d) is a
bottom view of the acoustic wave generator;

[0406] FIG. 36 is a circuit diagram of the blood constituent
concentration measuring apparatus according to the embodi-
ment;

[0407] FIG. 37 is an explanatory view showing a configu-
ration of the blood constituent concentration measuring appa-
ratus according to an embodiment;

[0408] FIG. 38 is an explanatory view showing the struc-
ture of an enduing unit of the blood constituent concentration
measuring apparatus according to the embodiment;

[0409] FIG. 39 is an explanatory view showing the struc-
ture of an enduing unit of the blood constituent concentration
measuring apparatus according to the embodiment;

[0410] FIG. 40 is an explanatory view showing a structure
of an enduing unit of the blood constituent concentration
measuring apparatus according to the embodiment;

[0411] FIG. 41 is an explanatory view of a ring type endu-
ing unit according to the embodiment;

[0412] FIG. 42 is an explanatory view showing a detailed
structure of the ring type enduing unit according to the
embodiment;

[0413] FIG. 43 is an explanatory view showing a cross
section of the ring type enduing unit according to the embodi-
ment;

[0414] FIG. 44 is an explanatory view of a ring type light
generation unit according to the embodiment;

[0415] FIG. 45 is an explanatory view showing the cross
section of the ring type enduing unit according to the embodi-
ment;

[0416] FIG. 46 is an explanatory view of a bracelet type
enduing unit according to the embodiment;

[0417] FIG. 47 is an explanatory view of the bracelet type
enduing unit according to the embodiment;

[0418] FIG. 48 is an explanatory view showing the cross
section of the bracelet type enduing unit according to the
embodiment;

[0419] FIG. 49 is an explanatory view showing a configu-
ration example of a conventional blood constituent concen-
tration measuring apparatus;

[0420] FIG. 50 is an explanatory view showing a configu-
ration example of the conventional blood constituent concen-
tration measuring apparatus;

[0421] FIG. 51 is an explanatory view of the conventional
blood constituent concentration measuring apparatus;
[0422] FIG. 52 is an explanatory view of a mounting struc-
ture of the conventional blood constituent concentration mea-
suring apparatus;

[0423] FIG. 53 is an explanatory view showing the sensi-
tivity characteristics of the ultrasonic detector;

[0424] FIG. 54 is an explanatory view showing the sensi-
tivity characteristics of the ultrasonic detector;

[0425] FIG.55is asectional view showing a inner structure
of a finger;
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[0426] FIG. 56 is a sectional view showing the human
finger, FIG. 56(a) shows a state in which the photoacoustic
signal is scattered by a bone, and FIG. 56(5) shows a state in
which the photoacoustic signal is attenuated by the bone;
[0427] FIG. 57 is an explanatory view showing a configu-
ration ofthe blood constituent concentration measuring appa-
ratus according to the embodiment (addendum);

[0428] FIG. 58 is an explanatory view showing a computa-
tion principle of the blood constituent concentration measur-
ing apparatus according to the embodiment (addendum);
[0429] FIG. 59 is an explanatory view showing the compu-
tation principle of the blood constituent concentration mea-
suring apparatus according to the embodiment (addendum);
[0430] FIG. 60 is a view showing an example of the blood
constituent concentration measuring apparatus according to
the embodiment (addendum); and

[0431] FIG. 61 is a view showing an example of the blood
constituent concentration measuring apparatus according to
the embodiment (addendum).

DESCRIPTION OF THE REFERENCE

NUMERALS
[0432] 1 intensity modulated light
[0433] 2 acoustic wave
[0434] 3 photoacoustic signal
[0435] 4 output signal
[0436] 5 control signal
[0437] 11 light generation unit
[0438] 12 light modulation unit
[0439] 13 light outgoing unit
[0440] 14 ultrasonic detection unit
[0441] 15 sound absorbing material
[0442] 16 temperature measurement unit
[0443] 17 outgoing window
[0444] 18 reflection material
[0445] 21 container
[0446] 22 inside
[0447] 23 excitation light source
[0448] 24 acoustic wave generator
[0449] 25 acoustic wave detector
[0450] 26 control unit
[0451] 27 drive unit
[0452] 28 acoustic coupling element
[0453] 29 transmission window
[0454] 31 power supply
[0455] 32 phase sensitive amplifier
[0456] 33 signal processor
[0457] 34 display processor
[0458] 35 connection cable
[0459] 36 temperature regulating unit
[0460] 37 heater
[0461] 38 preamplifier
[0462] 39 light source chip
[0463] 40 lens
[0464] 41 beam splitter
[0465] 42 optical fiber
[0466] 51 oscillator
[0467] 52 180°-phase shifter
[0468] 53 drive circuit
[0469] 55 coupler
[0470] 56 acoustic matching substance
[0471] 57 filter
[0472] 58 phase sensitive amplifier
[0473] 59 photoacoustic signal output, terminal
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[0474]
[0475]
[0476]
[0477]
[0478]
[0479]
[0480]
[0481]
[0482]
[0483]
[0484]
[0485]
[0486]
[0487]
[0488]
[0489]
[0490]
[0491]
[0492]
[0493]
[0494]
[0495]
[0496]
[0497]
[0498]
[0499]
[0500]
[0501]
[0502]
[0503]
[0504]
[0505]
[0506]
[0507]
[0508]
[0509]
[0510]
[0511]
[0512]
[0513]
[0514]
[0515]
[0516]
[0517]
[0518]
[0519]
[0520]
[0521]
[0522]
[0523]
[0524]
[0525]
[0526]
[0527]
[0528]
[0529]
[0530]
[0531]
[0532]
[0533]
[0534]
[0535]
[0536]
[0537]

97 living body test region

99 lens

100 oscillator

101 first light source

102 drive circuit

103 oscillator

104 drive circuit

105 second light source

106 third light source

107 180°-phase-shift circuit

108 drive circuit

109 coupler

110 living body test region

111 living body test region

112 light source

113 ultrasonic detector

114 phase sensitive amplifier

115 output terminal

116 drive circuit

117 drive circuit

118 frequency divider

119 180°-phase shifter

120 coupler

121 ultrasonic detector

122 filter

123 synchronous detection amplifier
124 photoacoustic signal output terminal
125 control circuit

126 acoustic coupler

127 ultrasonic detector

128 phase sensitive amplifier

129 computing device

130 enduing unit

131 living body

132 annular support frame

133 light irradiation unit

135 ultrasonic detection unit

136 cushioning material

137 sound absorbing material

138 contact thermometer

139 lens

140 lens

141 calibration test sample

142 acoustic coupler

143 thermometer

193 living body

194 output waveform of first light source
195 output waveform of second light source
196 output waveform of third light source
197 photoacoustic signal by first light source
198 photoacoustic signal by second light source
199 temperature change by third light source
200 summation of photoacoustic signals
201 light irradiation

202 sound source

203 observation point

204 model A

205 model B

206 model C

207 enduing unit

208 As,

209 As,

210 connection cable

211 light from first light source (A,)
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[0538]
[0539]
[0540]
[0541]
[0542]
[0543]
[0544]
[0545]
[0546]
[0547]
[0548]
[0549]
[0550]
[0551]
[0552]
[0553]
[0554]
[0555]
[0556]
[0557]
[0558]
[0559]
[0560]
[0561]
[0562]
[0563]
[0564]
[0565]
[0566]
[0567]
[0568]
[0569]
[0570]
[0571]
[0572]
[0573]
[0574]
[0575]
[0576]
[0577]
[0578]
[0579]
[0580]
[0581]
[0582]
[0583]
[0584]
[0585]
[0586]
[0587]
[0588]
[0589]
[0590]
[0591]
[0592]
[0593]
[0594]
[0595]
[0596]
[0597]
[0598]
[0599]
[0600]
[0601]
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212 light from second light source (A,)
213 bone

214 muscle

215 fat

216 cuticle

217 reflecting location

218 blood vessel

219 excitation light

220 detector

221 display unit

222 frame

297 drive circuit

298 oscillator

299 180°-phase shifter

300 control circuit

301 first light source

302 second light source

303 drive circuit

304 irradiation light

305 ultrasonic detector

306 cushioning material

307 sound absorbing material
308 coupler

309 living body test region
310 connection cable

311 frame

312 preamplifier

313 irradiation window

314 light source chip

315 output beam

316 reflecting mirror

317 concave mirror

318 first semiconductor laser
319 second semiconductor laser
320 electrode pad

321 substrate

322 optical waveguide

323 coupler

324 vibration membrane

325 fixed electrode

326 wiring cavity

327 acoustic coupler

328 ultrasonic detector

329 phase sensitive amplifier
330 computing device

400 living body

401 semiconductor laser device
402 drive power supply

404 acoustic wave generator
405 test subject

403 oscillator

406 acoustic coupling element
407 acoustic wave detector
408 phase sensitive amplifier
409 output terminal

410 hole

413 irradiation window

414 light source, chip

415 output beam

416 reflecting mirror

417 irradiation light

418 cushioning material

419 display unit

421 light irradiation unit
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[0602]
[0603]
[0604]
[0605]
[0606]
[0607]
[0608]
[0609]
[0610]
[0611]
[0612]
[0613]
[0614]
[0615]
[0616]
[0617]
[0618]
[0619]
[0620]
[0621]
[0622]
[0623]
[0624]
[0625]
[0626]
[0627]
[0628]
[0629]
[0630]
[0631]
[0632]
[0633]
[0634]
[0635]
[0636]
[0637]
[0638]
[0639]
[0640]
[0641]
[0642]
[0643]
[0644]
[0645]
[0646]
[0647]
[0648]
[0649]
[0650]
[0651]
[0652]
[0653]
[0654]
[0655]
[0656]
[0657]
[0658]
[0639]
[0660]
[0661]
[0662]
[0663]
[0664]
[0665]

428 wrist band

429 insertion key

430 opening

431 release button

432 lens

433 light sources chassis

499 living body

500 light source

501 first semiconductor light source
502 lens

503 oscillator

504 drive current source

505 second semiconductor light source
506 lens

507 180°-phase-shift circuit

508 drive current source

509 coupler

510 living body test region

511 calibration test sample

512 acoustic coupler

513 ultrasonic detector

514 phase sensitive amplifier

515 output terminal

516 acoustic lens

517 acoustic matching device

518 ultrasonic detector

519 high pass filter

520 synchronous detection amplifier
521 photoacoustic signal output terminal
522 temperature measurement device
523 first semiconductor light source
524 drive current source

525 oscillator

526 lens

527 second semiconductor light source
528 drive current source

529 180°-phase shifter

530 lens

531 coupler

532 third semiconductor light source
533 drive current source

534 frequency divider

535 lens

536 coupler

537 living body test region

540 apparatus body

541 acoustic wave detector

601 first light source

604 drive power supply

605 second light source

608 drive power supply

609 coupler

610 living body test region

613 ultrasonic detector

616 pulse light source

617 chopper plate

618 motor

619 acoustic sensor

620 waveform observing apparatus
621 frequency analyzer

701 first semiconductor light source
702 drive current source

703 oscillator

704 lens
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[0666] 705 second semiconductor light source
[0667] 706 drive current source
[0668] 707 180°-phase shifter
[0669] 708 lens
[0670] 709 coupler
[0671] 710 third semiconductor light source
[0672] 711 drive current source
[0673] 712 frequency divider
[0674] 713 lens
[0675] 714 coupler
[0676] 715 liquid sample
[0677] 716 sample cell
[0678] 717 acoustic matching device
[0679] 718 ultrasonic detector
[0680] 719 high pass filter
[0681] 720 synchronous detection amplifier
[0682] 721 photoacoustic signal output terminal
[0683] 722 temperature measurement device
[0684] 801 first semiconductor light source
[0685] 802 lens
[0686] 803 oscillator
[0687] 804 drive current source
[0688] 805 second semiconductor light source
[0689] 806 lens
[0690] 807 180°-phase-shift circuit
[0691] 808 drive current source
[0692] 809 coupler
[0693] 810 living body test region
[0694] 811 calibration specimen
[0695] 812 acoustic coupler
[0696] 813 ultrasonic detector
[0697] 814 phase sensitive amplifier
[0698] 815 output terminal

BEST MODE FOR CARRYING OUT THE
INVENTION
[0699] Embodiments of the invention will be described

below. The invention is not limited to the following embodi-
ments. In the following embodiments, the constituent con-
centration measuring apparatus and the constituent concen-
tration measuring apparatus controlling methodare described
in the form of a blood constituent concentration measuring
apparatus and a control method of blood constituent concen-
tration measuring apparatus. However, when the living body
which is of the test subject is replaced by the liquid which is
of the object to be measured, when the blood which is of the
test subject is replaced by the liquid which is of the object to
be measured, and when the water is replaced by the liquid
solvent, the invention can be realizes as the liquid constituent
concentration measuring apparatus or the liquid constituent
concentration measuring apparatus controlling method. The
test subject is not limited to the living body and the blood. For
example, “lymph” and “tear” are also included in the test
subject. In the case where the living body is used as the test
subject, the constituent set as the measuring object is not
limited to the blood constituent, but the constituent includes
the constituents such as “lymph constituent” and “tear con-
stituent”. Thus, in the invention, various constituents can be
measured according to the measuring object.

First Embodiment

[0700] A constituent concentration measuring apparatus
according to a first embodiment is a blood constituent con-
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centration measuring apparatus including light generating
means for generating two light beams having different wave-
lengths; light modulation means for electrically intensity-
modulating each of the two light beams having the mutually
different wavelengths using signals having the same fre-
quency and reverse phases; light outgoing means for multi-
plexing the two intensity-modulated light beams having the
mutually different wavelengths into one light flux to output
the light toward a living body; acoustic wave detection means
for detecting an acoustic wave generated in the living body by
the outputted light; and blood constituent concentration com-
putation means for computing a blood constituent concentra-
tion in the living body from pressure of the detected acoustic
wave. The blood constituent concentration computation
means according to the first embodiment is applied in the first
embodiment, and the blood constituent concentration com-
putation means according to the first embodiment can also be
applied in the later-mentioned second embodiment, third
embodiment, fourth embodiment, fifth embodiment, and
sixth embodiment.

[0701] In the blood constituent concentration measuring
apparatus according to the first embodiment, the light gener-
ating means can set one of the light wavelengths of the two
light beams at the wavelength in which the blood constituent
exhibits the characteristic absorption, and the light generating
means can set the other light wavelength at the wavelength in
which the water exhibits the absorption parallelly equal to
that in one of the light wavelengths.

[0702] A configuration according to the first embodiment
will be described with reference to FIG. 1. FIG. 1 shows a
basic configuration of a blood constituent concentration mea-
suring apparatus according to the first embodiment. In FIG. 1,
afirst light source 101 whichis ofa part of the light generating
means is intensity-modulated in synchronization with an
oscillator 103 which is of a part of the light modulation means
by adrive circuit 104 which is of a part of the light modulation
means.

[0703] On the other hand, a second light source 105 which
is of a part of the light generating means is intensity-modu-
lated in synchronization with the oscillator 103 by a drive
circuit 108 which is of a part of the light modulation means.
However, output of the oscillator 103 is supplied to the drive
circuit 108 through a 180°-phase-shift circuit 107 which is of
a part of the light modulation means, and thereby the second
light source 105 is configured so as to be intensity-modulated
with the signal whose phase is changed by 180° with respect
to the first light source 101.

[0704] In the wavelengths of the first light source 101 and
second light source 105 shown in FIG. 1, the wavelength of
one of the two light beams is set at the wavelength in which
the blood constituent exhibits the characteristic absorption,
and the wavelength of the other light beam is set at the
wavelength in which the water exhibits the absorption paral-
lelly equal to that in the wavelength of one of the two light
beams.

[0705] Thefirstlight source 101 and the second light source
105 output the light beams having the different wavelengths
respectively, the light beams are multiplexed as one light flux
by a coupler 109 which is of the light outgoing means, and a
living body test region 110 which is of the test subject is
irradiated with the light. The acoustic waves, i.e., photoacous-
tic signals generated in the living body test region 110 by the
light beams outputted from the first light source 101 and the
second light source 105 are detected by an ultrasonic detector
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113 which is of the acoustic wave detection means, and the
photoacoustic signals are converted into the electric signals
proportional to the acoustic pressure of the photoacoustic
signals. The synchronous detection is performed to the elec-
tric signal by a phase sensitive amplifier 114 which is of a part
of the acoustic wave detection means synchronized with the
oscillator 103, and the electric signal proportional to the
acoustic pressure is outputted to an output terminal 115.
[0706] The intensity of the signal outputted to the output
terminal 115 is proportional to a light quantity in which the
light beam outputted from each of the first light source 101
and second light source 105 is absorbed by the constituent in
the living body test region 110, so that the signal intensity is
proportional to the mount of constituent in the living body test
region 110. Accordingly, the blood constituent concentration
computation means (not shown) computes the mount of con-
stituent of the measuring object in the blood ofthe living body
testregion 110 from the measured value ofthe intensity ofthe
signal outputted to the output terminal 115.

[0707] In the blood constituent concentration measuring
apparatus according to the first embodiment, the two light
beams having different wavelengths outputted from the first
light source 101 and second light source 105 are intensity-
modulated using the signals having the same period, i.e., the
same frequency. Therefore, the blood constituent concentra-
tion measuring apparatus according to the first embodiment
has a feature that the blood constituent concentration measur-
ing apparatus according to the first embodiment is not
affected by the unevenness of the frequency characteristics of
the ultrasonic detector 113. This is the excellent point as
compared with the currently existing techniques.

[0708] As described above, the blood constituent concen-
tration measuring apparatus according to the first embodi-
ment can measure the blood constituent with high accuracy.
[0709] The control method of blood constituent concentra-
tion measuring apparatus according to the first embodiment is
a control method of blood constituent concentration measur-
ing apparatus sequentially including a light generating pro-
cedure in which the light generating means generates the two
light beams having mutually different wavelengths; a light
modulation procedure in which the light modulation means
electrically intensity-modulates each of the two light beams
having the mutually different wavelengths generated in the
light generating procedure using signals having the same
frequency and reverse phases; a light outgoing procedure in
which the light outgoing means multiplexes the two intensity-
modulated light beams having the different wavelengths
intensity-modulated in the light modulation procedure into
one light flux to output the light toward the living body; an
acoustic wave detection procedure in which the acoustic wave
detection means detects the acoustic wave generated in the
living body by the light outputted in the light outgoing pro-
cedure; and a constituent concentration computation proce-
dure in which the blood constituent concentration in the living
body is computed from pressure of the detected acoustic
wave. The blood constituent concentration computation pro-
cedure according to the first embodiment is applied in the first
embodiment, and the blood constituent concentration com-
putation procedure according to the first embodiment can also
be applied in the later-mentioned second embodiment, third
embodiment, fourth embodiment, fifth embodiment, and
sixth embodiment.

[0710] The control method of blood constituent concentra-
tion measuring apparatus according to the first embodiment
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can also be formed in a control method of blood constituent
concentration measuring apparatus in which, in the light gen-
erating procedure, the wavelength of one of the two light
beams is set at the wavelength in which the blood constituent
exhibits the characteristic absorption, and the wavelength of
the other light beam is set at the wavelength in which the
water exhibits the absorption parallelly equal to that in the
wavelength of one of the two light beams.

[0711] A method in which the two light beams having
different wavelengths is generated and each of the two light
beams having different wavelengths is electrically intensity-
modulates by a modulator using the signals having the same
frequency and 180°-different phases may be adopted as the
method of electrically intensity-modulating each of the two
light beams having different wavelengths. Alternately, as
shown in FIG. 1, a direct modulation method in which the
drive circuit 104 and the drive circuit 108 cause the first light
source 101 and the second light source 105 to emit the light
and simultaneously perform the intensity modulation may be
adopted as the method of electrically intensity-modulating
each of the two light beams having different wavelengths.
[0712] The two light beams having different wavelengths
intensity-modulated through the above procedure are multi-
plexed into one light flux by the coupler 109 shown in FIG. 9,
the living body is irradiated with the light, the acoustic waves,
i.e., the photoacoustic signals generated in the living body by
the two light beams having different wavelengths with which
the living body is irradiated are detected by the ultrasonic
detector 113 shown in FIG. 1, the detected photoacoustic
signals are converted into the electric signals, the electric
signals are synchronous-detected by the phase sensitive
amplifier 114 shown in FIG. 1, and the electric signals being
proportional to the photoacoustic signals are outputted to the
output terminal 115. Then, in the blood constituent concen-
tration computation procedure, the blood constituent concen-
tration in the living body is computed from the pressure of the
acoustic wave detected in the acoustic wave detection proce-
dure.

[0713] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, the two light beams having different wavelengths out-
putted from the first light source 101 and second light source
105 are intensity-modulated using the signals having the
same period, i.e., the same frequency. Therefore, the control
method of blood constituent concentration measuring appa-
ratus according to the first embodiment has a feature that the
control method of blood constituent concentration measuring
apparatus according to the first embodiment is not affected by
the unevenness of the frequency characteristics of the ultra-
sonic detector. This is the excellent point as compared with
the currently existing techniques.

[0714] As described above, the control method of blood
constituent concentration measuring apparatus according to
the first embodiment can measure the blood constituent with
high accuracy.

[0715] In the blood constituent concentration measuring
apparatus according to the first embodiment, the light modu-
lation means can also be formed in means for performing the
modulation with the same frequency as the resonant fre-
quency concerning the detection of the acoustic wave gener-
ated in the living body. The light modulation means described
in the first embodiment is similar to those of the later-men-
tioned second embodiment, third embodiment, fourth
embodiment, fifth embodiment, and sixth embodiment.
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[0716] Thetwo light beams having different wavelengths is
modulated with the same frequency as the resonant frequency
concerning the detection of the acoustic wave generated in the
living body, which allows the acoustic wave generated in the
living body to be detected with high sensitivity.

[0717] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, the light modulation procedure can also be formed in a
procedure of performing the modulation with the same fre-
quency as the resonant frequency concerning the detection of
the acoustic wave generated in the living body.

[0718] Thetwo light beams having different wavelengths is
modulated with the same frequency as the resonant frequency
concerning the detection of the acoustic wave generated in the
living body, which allows the acoustic wave generated in the
living body to be detected with high sensitivity.

[0719] In the blood constituent concentration measuring
apparatus according to the first embodiment, the blood con-
stituent concentration computation means can also be formed
in means for dividing the pressure of the acoustic wave gen-
erated by irradiating the living body with the two light beams
having different wavelengths by the pressure of the acoustic
wave which is generated when one of the two light beams is
set to zero.

[0720] The blood constituent concentration can be mea-
sured with high accuracy by the division.

[0721] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, the blood constituent concentration computation pro-
cedure can also formed in a procedure for dividing the
pressure of the acoustic wave generated by irradiating the
living body with the two light beams by the pressure of the
acoustic wave which is generated when one of the two light
beams is set to zero.

[0722] Theblood constituent concentration can be measure
with high accuracy by the above division.

[0723] In the blood constituent concentration measuring
apparatus according to the first embodiment, the light gener-
ating means can be formed in means for adjusting the relative
intensity of two light beams having the different wavelengths
such that the pressure of the acoustic wave becomes zero. The
pressure of the acoustic wave is generated by irradiating
water with the two intensity-modulated light beams having
the different wavelengths multiplexed into one light flux. The
light generating means described in the first embodiment is
similar to those of the later-mentioned second embodiment,
third embodiment, fourth embodiment, fifth embodiment,
and sixth embodiment.

[0724] In the blood constituent concentration measuring
apparatus according to the first embodiment, for example, as
shown in FIG. 1, as with the measurement of the blood con-
stituent concentration, the water for calibration instead of the
living body test region 110 is irradiated with one light flux
into which are multiplexed, and the relative intensity of the
light beams outputted from the first light source 101 and
second light source 105 is adjusted such that the photoacous-
tic signal detected by the ultrasonic detector 113 becomes
7ero.

[0725] Inadjusting the intensity of the light outputted from
each of the first light source 101 and second light source 105
in the above-described manner, the relative intensity of each
of two light beams outputted from the first light source 101
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and second light source 105 can easily equally be adjusted, so
that the blood constituent concentration can be measured with
high accuracy.

[0726] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, control method of blood constituent concentration
measuring apparatus can also further include an intensity
adjustment procedure between the light modulation proce-
dure and the light outgoing procedure. In the intensity adjust-
ment procedure, the intensity-modulated two light beams
having the different wavelengths are multiplexed into one
light flux, the water is irradiated with the light, and the relative
intensity of each of the two light beams is adjusted such that
the pressure of the acoustic wave generated by the irradiation
becomes zero.

[0727] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, for example, after the procedure of multiplexing the
intensity-modulated two light beams having the different
wavelengths into one light flux, the two light beams having
the different wavelengths are multiplexed into one light flux,
the light is outputted to the water, and the relative intensity of
each of the two light beams is adjusted such that the pressure
of the acoustic wave generated by the irradiation becomes
zero. Therefore, the relative intensity of each of the two light
beams outputted from the first light source 101 and second
light source 105 can easily equally be adjusted, so that the
blood constituent can easily be measured.

[0728] In the blood constituent concentration measuring
apparatus according to the first embodiment, the acoustic
wave detection means can also be formed in means for syn-
chromzing the modulation frequency to perform the detection
by the synchronous detection. The acoustic wave detection
described in the first embodiment is similar to those of the
later-mentioned second embodiment, third embodiment,
fourth embodiment, fifth embodiment, and sixth embodi-
ment.

[0729] In the blood constituent concentration measuring
apparatus according to the first embodiment, for example, the
photoacoustic signals corresponding to each of the light
beams outputted from the first light source 101 and the second
light source 105 are detected and converted into the electric
signals by the ultrasonic detector 113, and the electric signals
are detected by the synchronous detection in which each of
the light beams outputted from the first light source 101 and
the second light source 105 are synchronized with the inten-
sity-modulated signals.

[0730] In the phase sensitive amplifier 114, the detection
accuracy is increased in the photoacoustic signals corre-
sponding to the light beams outputted from the first light
source 101 and the second light source 105, which allows the
photoacoustic signal to be measured with higher accuracy.

[0731] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, the acoustic wave detection procedure can also be
formed in a procedure for synchronizing the modulation fre-
quency to perform the detection by the synchronous detec-
tion.

[0732] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, for example, the photoacoustic signals corresponding
to each of the two light beams having the different wave-
lengths is synchronized with the intensity-modulated signals
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of each of the two light beams having the different wave-
lengths to perform the detection by the synchronous detec-
tion.

[0733] The detection accuracy is increased in the photoa-
coustic signals corresponding each of to the light beams out-
putted from the first light source 101 and the second light
source 105, which allows the photoacoustic signal to be mea-
sured with higher accuracy.

[0734] In the blood constituent concentration measuring
apparatus according to the first embodiment, the light gener-
ating means and the light modulation means can also be
formed in means for directly modulating each of the two
semiconductor laser light sources using the rectangular-
waveform signals having the same frequency and reverse
phases. The light generating means described in the first
embodiment is similar to those of the later-mentioned second
embodiment, third embodiment, fourth embodiment, fifth
embodiment, and sixth embodiment.

[0735] The two semiconductor laser light sources have
apparatus configurations in which the modulations are
directly performed using the rectangular-waveform signals
having the same frequency and reverse phases, which allows
the apparatus configuration to be simplified.

[0736] In the control method of blood constituent concen-
tration measuring apparatus according to the first embodi-
ment, the light generating procedure and the light modulation
procedure can be formed in a procedure in which each of the
two semiconductor laser light sources are directly modulated
using the rectangular-waveform signals having the same fre-
quency and reverse phases.

[0737] The two semiconductor laser light sources are
directly modulated using the rectangular-waveform signals
having the same frequency and reverse phases, which allows
the apparatus configuration to be simplified.

[0738] Thedetailed technology whichis fundamental to the
blood constituent concentration measuring apparatus and
control method of blood constituent concentration measuring
apparatus according to the firstembodiment will be described
below.

[0739] A configuration of the blood constituent concentra-
tion measuring apparatus according to the first embodiment
will be described with reference to FIG. 1. As shown in FIG.
1, the blood constituent concentration measuring apparatus
according to the first embodiment includes the first light
source 101, the second light source 105, the drive circuit 104,
the drive circuit 108, the 180°-phase-shift circuit 107, the
coupler 109, the ultrasonic detector 113, the phase sensitive
amplifier 114, the output terminal 115, and the oscillator 103.

[0740] The oscillator 103 is connected to each of the drive
circuit 104, the 180°-phase-shift circuit 107, and the phase
sensitive amplifier 114 through signal lines, and the oscillator
103 transmits the signal to each of the drive circuit 104, the
180°-phase-shift circuit 107, and the phase sensitive amplifier
114.

[0741] The drive circuit 104 receives the signal transmitted
from the oscillator 103. The drive circuit 104 supplies drive
electric power to the first light source 101, connected to the
drive circuit 104 through the signal line, to cause the first light
source 101 to emit the light.

[0742] The 180°-phase-shift circuit 107 receives the signal
transmitted from the oscillator 103, and the 180°-phase-shift
circuit 107 transmits the signal whose phase is changed by



US 2013/0118262 Al

180° with respect to the received signal to the drive circuit 108
connected to the 180°-phase-shift circuit 107 through the
signal line.

[0743] The drive circuit 108 receives the signal transmitted
from the 180°-phase-shift circuit 107. The drive circuit 108
supplies drive electric power to the second light source 105,
connected to the drive circuit 108 through the signal line, to
cause the second light source 105 to emit the light.

[0744] Each ofthe firstlight source 101 and the second light
source 105 outputs the light beams having the different wave-
lengths, and each of the outputted light beams is guided to the
coupler 109 by light wave transmission means.

[0745] The light beam outputted from the first, light source
101 and the light beam outputted from the second light source
105 are inputted to the coupler 109, the light beams are
multiplexed into one light flux, and a predetermined position
of the living body test region 110 is irradiated with the light to
generate the acoustic wave, 1.e., the photoacoustic signal in
the living body test region 110.

[0746] The ultrasonic detector 113 detects the photoacous-
tic signal of the living body test region 110 to convert the
photoacoustic signal into the electric signal, and the ultra-
sonic detector 113 transmits the electric signal to the phase
sensitive amplifier 114 connected to the ultrasonic detector
113 through the signal line.

[0747] The phase sensitive amplifier 114 receives the syn-
chronous signal transmitted from the oscillator 103. The syn-
chronous signal is necessary for the synchronous detection.
The phase sensitive amplifier 114 also receives the electric
signal transmitted from the ultrasonic detector 113. The elec-
tric signal is proportional to the photoacoustic signal. Then,
the phase sensitive amplifier 114 performs the synchronous
detection, amplification, and filtering to output the electric
signal which is proportional to the photoacoustic signal to the
output terminal 115.

[0748] The first light source 101 is synchronized with the
oscillation frequency of the oscillator 103 to output the inten-
sity-modulated light. On the other hand, the second light
source 105 is synchronized with the oscillation frequency of
the oscillator 103, which is of the signal whose phase is
changed by 180° by the 180°-phase-shift circuit 107, to out-
put the intensity-modulated light.

[0749] Thus, in the blood constituent concentration mea-
suring apparatus according to the first embodiment, the light
outputted from the first light source 101 and the light output-
ted from the second light source 105 are intensity-modulated
using the signals having the same frequency. Therefore, in the
blood constituent concentration measuring apparatus accord-
ing to the firstembodiment, there is no problem of the uneven-
ness of the frequency characteristics of the measuring system
which becomes troublesome when the intensity modulation is
performed with the plural frequencies in the conventional
technique.

[0750] On the other hand, the non-linear absorption coeffi-
cient dependence existing in the measured value of the pho-
toacoustic signal, which becomes troublesome in the conven-
tional technique, can be solved by performing the
measurement using the light beams having the plural wave-
lengths for giving the equal absorption coefficient in the
blood constituent concentration measuring apparatus accord-
ing to the first embodiment.

[0751] That is, in the case where background absorption
coefficients o, *’, 0,,"” and molar absorptions a,”, 0,,'” of
the blood constituent set as the measuring object are already
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known for light beams having a wavelength A, and wave-
length A, respectively, the simultaneous equations including
measured values s, and s, of the photoacoustic signal in the
wavelengths are expressed by the formula (1). The unknown
blood constituent concentration M is determined by solving
the formula (1). At this point C is a variable coefficient which
is hardly controlled or calculated, i.e., C is an unknown mul-
tiplier depending on an acoustic coupling state, ultrasonic
detector sensitivity, a distance between the irradiation portion
and the detection portion (hereinafter defined as r), specific
heat, a thermal expansion coefficient, sound velocity, the
modulation frequency, and the absorption coefficient.

[0752] When the difference is generated in Cs of the first
line and second line of the formula (i), the difference is
uniquely an amount concerning the irradiation light, i.e., the
difference by the absorption coefficient. At this point, when a
combination of the wavelength A, and the wavelength 2, is
selected such that the parentheses of the lines of the formula
(1),1.e., the absorption coeflicients are equal to each other, the
absorption coefficients are equal to each other, and C in the
first line is equal to C in the second line. However, when the
above operation is exactly performed, it is inconvenient
because the combination of the wavelength A, and the wave-
length ., depends on the unknown blood constituent concen-
tration M.

[0753] At this point, the background (0,'”, i=1 and 2) is
remarkably larger than a term (Ma, ) including the blood
constituent concentration M in an occupying ratio in the
absorption coefficient (parenthesis in each line) of the for-
mula (1). In the case, the problem is sufficiently solved by
equalizing the absorption coefficient of the background o,
instead of precisely equalizing the absorption coefficient in
each line. That is, the two light beams having the mutually
different wavelength A, and wavelength A, may be selected
such that the absorption coefficients a,® and 1, of the
background are equal to each other. Thus, when C in the first
line is equalized to C in the second line, Cs are deleted as an
unknown constant, and the blood constituent concentration M
of the measuring object is expressed by the following formula

*.

(s; — 52)11’(11” [Formula 4]

M=
(b)
[¢4] 51— 52

=% o
a(l’—a(z’ 52

In the deformation of the rear stage of the formula (4), quality
of s,=5, is used.

[0754] Referring to the formula (4), in the denominator, the
difference in absorption coefficient of the blood constituent of
the measuring object emerges in wavelength A, and wave-
length A,. As the difference is increased, the difference signal
s,—s, of the photoacoustic signal is increased, and the mea-
surement becomes easy. In order to maximize the difference,
it is good that the wavelength in which the constituent absorp-
tion coefficient c,” of the measuring object becomes the
maximum is selected as the wavelength A ;. and the wave-
length in which c,”=0, i.e., the constituent of the measuring
object does not exhibit the absorption characteristics is
selected as the wavelength A,. At this point, from the condi-
tion in the second wavelength ., it is necessary that o, =a,
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® i.e., the background absorption coefficient is equal to the
absorption coefficient of the first wavelength A, .

[0755] In addition in the formula (4), the photoacoustic
signal s, emerges only in the form of the difference of s;-s,
between the photoacoustic signal s, and the photoacoustic
signal s,. For example, when glucose is set at the constituent
of the measuring object, as described above, there is only the
difference 0.1% or less between the intensity of the photoa-
coustic signal s, and the intensity of the photoacoustic signal
S

[0756] However, in the denominator of the formula (4), it is
sufficient that the photoacoustic signal s, has the accuracy of
about 5%. Accordingly, the accuracy is easily kept in mea-
suring the difference s,—s, between the photoacoustic signal
s, and the photoacoustic signal s, to divide the measured
value by the separately measured photoacoustic signal s,
rather than sequentially separately measuring the photoa-
coustic signal s, and the photoacoustic signal s,. Accordingly,
in the blood constituent concentration measuring apparatus
according to the first embodiment, when the light beams
having the wavelength A, and wavelength A, are intensity-
modulated into the light beams having the reverse phases to
irradiate the living body, the difference signal s,—s, of the
photoacoustic signals is measured. The difference signal
s,—s, of the photoacoustic signals is generated in the living
body while the photoacoustic signal s, and the photoacoustic
signal s, are mutually superposed.

[0757] As described above, in measuring the blood con-
stituent concentration, using the two light beams having the
mutually different particular wavelengths, the measurement
is performed not by separately measuring the photoacoustic
signals generated in the living body, but by measuring the
difference between the photoacoustic signals, and further-
more measuring one of the photoacoustic signals while the
other photoacoustic signal is set to zero, and computing the
measured values by the formula (4). Therefore, the blood
constituent concentration can easily be measured.

[0758] Then, the acoustic pressure generated by the light
irradiation will be described with reference to FIG. 2. FIG. 2
is an explanatory view of a base direct photoacoustic method
according to the first embodiment, and FIG. 2 shows an
arrangement of an observation point in the direct photoacous-
tic method along with sound source distribution models. In
FIG. 2, light irradiation 201 is perpendicularly incident to the
living body, which generates a sound source 202 near the
surface of the region irradiated with the light as described
above,

[0759] For the acoustic wave which is generated from the
sound source 202 to propagate through the living body (for
the sake of simplicity, it is assumed that acoustic wave is
even), acoustic pressure p(r) of the acoustic wave is observed
at an observation point 203. The observation point 203 is
located on the extension line of the irradiation light and the
observation point 203 is separated away from the sound
source by a distance r.

[0760] In the living body, the background (water) exhibits
the strong absorption for the light having the wavelength 1 pm
or longer, which is used in the blood constituent concentration
measuring apparatus according to the first embodiment, so
that the sound source 202 is localized in the surface of the
region irradiated with the light. As a result, the generated
acoustic wave is regarded as a spherical wave.

[0761] A wave equation, which describes the acoustic wave
propagation shown in FIG. 2, is determined from an equation
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of fluid dynamics. That is, assuming that a density change, a
pressure change, and a flow velocity change are small, an
equation of continuity and a Navier Stokes equation are set as
linear equations, and the equation of continuity, the Navier
Stokes equation, and a state equation which described a rela-
tionship between the pressure and the density in the fluid
(water) are simultaneously solved to determine the wave
equation. At this point, the state equation includes a tempera-
ture as a parameter, and temperature change is captured
through the state equation when a heat source Q exists.
[0762] When heat transfer is neglected, the micro pressure
change p is described by an inhomogeneous Helmholtz equa-
tion.

[Formula 5]

Where ¢ is sound velocity, § is a thermal expansion coeffi-
cient, and C,, is a specific heat capacity at constant pressure.
[0763] In the case of the blood constituent concentration
measuring apparatus according to the first embodiment, the
living body is irradiated with the light, which is intensity-
modulated at a constant period T, and an acoustic pressure
change, is detected in synchronization with the constant
period T. Therefore, assuming that modulation frequency is
set as f=1/T and modulation angular frequency is set as
w=2zf, itis necessary to pay notice only to the amount having
time dependence exp (-iwt) in all the mounts. As aresult, time
differentiation becomes a product with -iw.

[0764] Because the heat source Q is caused by non-radia-
tive relaxation subsequent to the irradiation light absorption,
the heat source Q is proportional to the absorption coefficient
o and a distribution of the heat source Q is equal to a spatial
distribution of irradiation light (including scattered light if
exist) in a medium. That is, when the light intensity is set at I
at each point, Q=al is obtained. Thus, the basic equation for
the steady-state direct photoacoustic method is expressed by
the following formula (6).

la6
(V2 +2)p = icﬁam. [Formula 6]
P

At this point, a wave number k=w/c=2mh | (A is a wavelength
of an acoustic wave) of the acoustic wave is introduced.
[0765] In a sufficiently distant site (r) o™*), the solution is
expressed by the following formula (7) under a boundary
condition of p (r—00)—0 of the formula (6).

LB 17 explikl - 7] (Formula 7]
p(r) = EC_;,Q y 7|?_7| dr
[0766] For some light distributions, the observed acoustic

pressureis computed by the formula (7). A model A 204 of the
light distribution is assumed to be a hemispherical distribu-
tion in which the intensity is attenuated at a rate of e with
respect to amoving radius r'. The model A 204 corresponds to
the case where the scattering is significantly large and the
light beams are scattered all the directions once the irradiation
light beams are incident.
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[0767] On the other hand, model B 205 and a model C 206
shown in FIG. 2 correspond to the case where the scattering is
not generated, and the model B 205 and the model C 206
correspond to the case where a Gaussian type beam having a
radius w,, and uniformly circular beam having the radius w,
are incident. The light intensity distribution of each model is
shown in FIG. 2.
1

[0768] Inaddition to the already used condition of r>>a"",
when r>>w, and N=w,*/(th)<<l (N is defined with o™
instead of w,, for the model A) hold, the computation result by
the formula (7) is summarized as follows:

pe i [Formula 8]

= ——aF(ka™ )Pp—
pr) C,” (ka™)Pp—

Where PO is all power of the irradiation light, and F(E) is
computed as follows:

arctan(é) — (i)log(1 + &)  for A [Formula 9]
F§) =

h €L +iE) for B, C

The information on the sound source distribution is consoli-
dated into the shape function F(ka™). FIG. 3 shows a graph
of the shape function.

[0769] According to the above result, when is small, i.e.,
when the acoustic wave wavelength is much longer than the
absorption length (A) a-1), the photoacoustic signal does not
include any pieces of the information on the absorption coef-
ficient. This is because F(§)=E in E<<1 leads to al(E)=k.
Accordingly, when the acoustic wave wavelength is much
longer than the absorption length, i.e., when the modulation
frequency is excessively low, it is found that the blood con-
stituent concentration cannot be measured by the photoacous-
tic method.

[0770] Accordingly, in the direct photoacoustic method in
which the measurement is performed to the living body, it is
necessary that the modulation frequency is set to =1, i.e.,
feac/(2m) or more. In the case where the irradiation light
wavelength is close to 1.6 um, it is necessary that the modu-
lation frequency f'is set to 150 kHz or more. In the case where
the irradiation light wavelength is close to 2.1 pm, it is nec-
essary that the modulation frequency f'is set to 0.6 MHz or
more.

[0771] Because there is no difference in the results of the
model B 205 and model C 206, it is found that the intensity
distribution of the light perpendicular to an optical axis has no
influence on the signal. However, the simplification can be
permitted only in the case where N=w,*/(rh)<<1 holds. N is
an amount called Fresnel number, and the Fresnel number N
indicates a phase change width generated by contribution of
the acoustic wave from each point of the sound source accord-
ing to the expansion of the sound source in the direction
perpendicular to a visual axis when the sound source is
viewed from the observation point. The Fresnel number suf-
ficiently smaller than 1 is equivalent to the fact that the sound
source is not enlarged in the direction perpendicular to the
visual axis.
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[0772] Inthis case, there is generated an extremely conve-
nient feature that the beam diameter w, of theirradiation light
has no influence on the photoacoustic signal. The following
two reasons can be cited.

[0773] First, the influence of the scattering is suppressed in
the living body. It is assumed that the model A 204 is the limit
state where the scattering is large. However, in the living
body, actually the degree of the scattering is not so large as
compared with the model A 204. Generally, the scattering
phenomenon is characterized by a scattering coefficient 1
and anisotropy g. The anisotropy g is an average <cos 8> ofa
cosine of a scattering angle 0, and it is reported that the
anisotropy g is approximately 0.9 as a value of the living
body, particularly the value of a skin (for example, see Journal
of Applied Optics, vol. 32, 1993, pp 435-447). That is, the
scattering in the actual living body mainly includes small
angle scattering <0>=26°,

[0774] A rate at which the light is decreased from the inci-
dent light flux by the scattering during the light propagation in
a unit length is given by a reduction scattering coefficient
W', (1-g), and the reduction scattering coefficient p' _p (1-
g) of about 1 mm™" is actually measured for the light wave-
length 1 um or longer (see Non-Patent Document 3). The
reduction scattering coefficient p'._u (1-g) of about 1 mm™
has the degree similar to the value of the absorption coeffi-
cient o (0.6 mm™ for the light wavelength of about 1.6 pm
and 2.4 mm~" for the light wavelength of about 2.1 pm) which
is of the rate at which the light is decreased from the incident
light flux by the absorption during the light propagation in a
unit length.

[0775] That is, in the living body, the irradiation light
receives the scattering only two times during the absorption
length o™*, and the scattering angle is small. As a result, the
light distribution (sum of the incident light flux and the scat-
tering light) in the living body is gradually enlarged in the
beam diameter direction as the depth is increased, and the
light distribution is apparently formed in a pinhead. An actual
observation example of the above light distribution is also
reported (see Journal of Applied Optics, vol. 40, 2001, pp
5770-5777). Atthis point, ina plane of a depth z, it is expected
that the total amount of light distribution is still attenuated
according to the exp(-aZ). This is because same scattering is
generated at small scattering angles.

[0776] Accordingly, in the case where the photoacoustic
signal is independent of the beam diameter of the irradiation
light, the beam diameter of the light distribution at each depth
does not become problematic, and only the total amount of
light distribution at each depth has an influence on the shape
function F(E). When the light distribution is exp(-az), result-
antly the light distribution is similar to the cases of the model
B 205 and model C 206 in which the scattering is not genet-
ated. Therefore, it is expected that the scattering has no influ-
ence on the shape function.

[0777] Inthe irradiation with light beams having the wave-
length A, and the wavelength A, it is essential to equalize the
shape functions in the method of the first embodiment.
Accordingly, it is not desirable that the difference in scatter-
ing exists in the wavelength A, and the wavelength A,. There
is no actual measurement report on which the scattering
dependence on the wavelength in the skin for the light wave-
length 1.3 um or longer. However, the constant reduction
scattering coefficient ' is reported for the blood (see Journal
of Biomedical Optics, vol. 4, 1999, p36-46).
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[0778] Accordingly, for example, even if the scattering
slightly has the influence on the shape function, the wave-
length dependence is small, and there is a possibility that the
scattering actually has the influence on the shape function. As
described above, when the Fresnel number is set small, the
influence of the scattering itself on the shape function can be
suppressed. Therefore, the equalization of the shape function
is justified irrespective of the scattering dependence on the
wavelength, and it is found that the method of the first
embodiment has high reliability.

[0779] Second, the modulation frequency can be opti-
mized. In the irradiation of the human body with the light,
there is an acceptable limit of the light intensity depending on
the irradiated region, the wavelength, the irradiation time, and
the like. When the beam diameter w, is enlarged in the range
where the Fresnel number N is small, the total power P, of the
irradiation light can be increased to increase the photoacous-
tic signal without exceeding the limit of the light intensity.
[0780] Assuming that the limit of the light intensity is set at
1. Po=mtw,?1 . and the Fresnel number N is expressed in
the form of N=/(rtcr)(P,/1,,,..) by the total power P,,. In con-
sideration of the distance r which is of an amount (for
example, about 10 mm in a fingertip and about 40 mm in a
wrist) determined by the thickness of the living body test
region 110, it is necessary to decrease the total power P, when
k, 1.e., the modulation frequency f{«k) is increased while N is
kept constant. However, because magnitude of the shape
function |F(ke ™)l is not increased in proportion with k, the
detected acoustic wave is decreased. Accordingly, it is found
that the excessively high modulation frequency is not desir-
able.

[0781] When an acoustic pressure amplitude P, given by
the formula (8) is rewritten using N and I, the flowing
formula (10) is obtained.
|Fka™h) [Formula 10]
Pa = Psup N
kat

At this point, an acoustic pressure upper limit P is
expressed by the following formula (11).

afc [Formula 11]
Psup = Flmax

=Lp

In the formula (10), IF(E)I/E is a function which is monoto-
nously decreased for &, and the low modulation frequency has
an advantage only from the viewpoint of signal amplitude.

[0782] In this case, E=ko ™' which maximizes OP /3a—=—
(P, N/EA(IF(E)I/E)/dE, which is of a rate of change for ¢t of
the formula (10), gives the optimum modulation frequency. &,
which gives the optimum modulation frequency, is 2.49 in the
model A 204, and & is 22 in the model B 205 and model C
206. The value of IF(E)I/€ is 0.620 in the model A 204 for £
which gives the optimum modulation frequency, and the
value of [F(E)I/E is 5" in the model B 205 and model C 206.
That is, the optimum modulation frequency exists as a meet-
ing point for contradictory demands of the sensitivity
between the signal intensity and the absorption coefficient o..
[0783] As described above, it is thought that the light dis-
tribution in the actual living body is close to those of the
model B 205 and model C 206. Therefore, the optimum
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modulation frequency is 2rtf=1.41cc and, at this point, it is
expected that the signal amplitude is 57.7% for the maximum
value P, N at {—0.

[0784] A principle of the blood constituent concentration
measuring apparatus according to the first will be described
below with reference to FIG. 3. The first light source 101
shown in FIG. 1 is intensity-modulated in synchronization
with the oscillator 103, and the light outputted by the first
light source 101 has a waveform shown in an upper part of
FIG. 4 as light 211 of a first light source (A, ).

[0785] On the other hand, the second light source 105
shown in FIG. 1 is also intensity-modulated in synchroniza-
tion with the oscillator 103. Because the 180° phase change is
imparted to the signal transmitted from the oscillator 103 by
the 180°-phase-shift circuit 107, the light outputted from the
second light source 105 is intensity-modulated with the signal
having the reverse phase with respect to the light outputted
from the first light source 101, and thereby the light outputted
from the second light source 105 has a waveform which is
shown as the light of second light source (A,) 212 in the lower
part of FIG. 5.

[0786] FIG. 3 shows the signal with which the first light
source 101 and the second light source 105 are intensity-
modulated having a period of 1 us, namely, the modulation
frequency f'is 1 MHz and a pulse duty factor is 50%.

[0787] At this point, in the formula (6), it is assumed that a
sinusoidal change is generated in the irradiation light, and
FIG. 3 shows that the living body is irradiated with the rect-
angular-waveform light. This is not contradictory because of
the following reason.

[0788] The formula (5) is linear, and the constituents hav-
ing the different frequency components can independently be
dealt with. The non-linearity possessed by the Navier Stokes
equation itself has the influence on the formula (5), when
amplitude of the acoustic wave is increased. However, in the
photoacoustic signal in the blood constituent concentration
measuring apparatus according to the first embodiment, the
generated acoustic wave is weak and the linear formula (5)
can be applied. Although the rectangular-waveform includes
an odd-number order harmonic component, the amplitude of
the sinusoidal component of the basic period in the odd-
number order harmonic component can be replaced by L of the
formula (6). In the light source, the intensity modulation is
performed more easily in the rectangular waveform as com-
pared with the sinusoidal waveform. Additionally, because
the rectangular waveform has the sinusoidal component hav-
ing the basic period of 4/7=1.27 times, the rectangular wave-
form has slightly better efficiency as compared with the sinu-
soidal waveform having the same amplitude.

[0789] The two light beams having different wavelengths
respectively outputted from the first light source 101 and
second light source 105 are multiplexed by the coupler 109,
and the living body test region 110 is irradiated with the
multiplexed light. At this point, it can be thought that each of
the two light beams having the different wavelengths gener-
ates the acoustic pressure independently expressed by the
formula (8).

[0790] From the linearity of the formula (5), it is already
clear that the acoustic waves are linearly superposed. The two
light beams having the different wavelengths are not so strong
to an extent in which the absorption is saturated, so that the
heat generations Q by the two light beams having the different
wavelengths are also linearly superposed. Even if the absorp-
tion is saturated, the linear superposition of the heat genera-
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tion still holds when the absorption has uneven spread and, at
the same time, when the interval between the two light beams
having the different wavelengths is broader than an even
width. These conditions are well satisfied for the water in
which the absorption is commonly generated for the two light
beams having the different wavelengths.

[0791] As described above, the photoacoustic signals hav-
ing the acoustic pressures independently expressed by the
formula (8) are generated by the two light beams having the
different wavelengths, and the superposed acoustic pressure
is detected by the ultrasonic detector 113. Accordingly, the
superposed acoustic pressure is expressed by the following
formula.

plr)=s1-5 [Formula 12]

Be . . e
= @{mF(kwl ) —ar Fka; )}POT

At this point, the reason why o, F(ke, ™) (i=1 and 2) is super-
posed in the shape of the difference is that the incident light
beams of the two light beams having the different wave-
lengths are intensity-modulated in the reverse phases. The
solid line of FIG. 6 shows the waveform of the basic-period
sinusoidal component in the electric signal obtained by
detecting and converting the acoustic pressure by the ultra-
sonic detector 113. The amplitude (rms value) of the signal
shown by the solid line in FIG. 6 is measured by the phase
sensitive amplifier 114 synchronized with the oscillator 103,
and the amplitude is outputted in the form of the signal shown
by Vd in FIG. 6 to the output terminal 115.

[0792] From the formula (12) and the formula (1), the
unknown constant C is expressed by the following formula.

pe
dnCp

[Formula 13]
C=

o1
FlkaYPy—
.

Then, a principle of computing the blood constituent concen-
tration set as the measuring object using the formula (4) will
be described. Because the difference signal s,-s, of the pho-
toacoustic signals corresponding to the light beams outputted
from the first light source 101 and the second light source 105
is already obtained, the blood constituent concentration M of
the measuring object can be computed from the formula (4)
when the photoacoustic signal s, is measured.

[0793] Therefore, the photoacoustic signal is measured
while the living body is irradiated only with the light of
second light source (A,) 212 shown in FIG. 5. That is, as
shown in FIG. 5, the output of the first light source 101 is
caused to become zero while the waveform of the light out-
putted from the second light source 105 is maintained. This
can be realized by blocking the light outputted from the first
light source 101 shown in FIG. 1 with a mechanical shutter or
by decreasing the output of the drive circuit 104 below an
oscillation threshold of the first light source 101.

[0794] When the value of the photoacoustic signal mea-
sured in the above state is detected and converted into the
electric signal by the ultrasonic detector 113, the waveform
shown by the broken line in FIG. 6 is obtained as the basic-
period sinusoidal component. Similarly, to the above method,
an rms amplitude of the waveform shown by the broken line
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in FIG. 6 is measured by the phase sensitive amplifier 114,
and the rms amplitude is outputted in the form of the signal
shown by Vr in FIG. 6 to the output terminal 115.

[0795] The photoacoustic signal S, has the reverse phase
with respect to the difference signal s, -s, between the pho-
toacoustic signals. The photoacoustic signal S, has several
orders of magnitude more the difference signal s, —s, between
the photoacoustic signals. For example, in the case of the
blood sugar level measurement of the normal subject, the
photoacoustic signal S, is 1000 times or more the difference
signal s, -s, between the photoacoustic signals. Accordingly,
the sensitivity and a time constant of the phase sensitive
amplifier 114 are switched during the interval between the
measurements of the photoacoustic signal S, and the differ-
ence signal s,—s, of the photoacoustic signals.

[0796] When the two measured values V,; and V_ are
obtained by the measurements, s, -s, and s, in the formula (4)
are replaced by the two measured values V ,and V. to compute
the blood constituent concentration M set as the measuring
object.

[0797] The specific absorbance o,/ ® (o, @/, ® is
further required when ¢, is not zero) is further required for
the conversion of a ratio V /V_ of the measured values to the
blood constituent concentration M.

[0798] FIG. 7 shows the specific absorbance value and a
method of selecting the wavelength A, and wavelength 2., to
be measured. As described above, the wavelength A, and
wavelength A, have the same background absorption coeffi-
cient.

[0799] FIG. 7 shows a method of selecting the wavelengths
corresponded to the first light source 101 and the second light
source 105 in the blood constituent concentration measuring
apparatus according the first embodiment when the blood
sugar level is measured.

[0800] FIG. 7 shows absorbances (OD) of water and glu-
cose aqueous solution (concentration 1.0M) in the light wave-
length range of 1.2 um to 2.5 pm. The absorbance OD has a
relationship of ¢=0DIn 10 with the absorption coefficient c..
A scale of the absorption coefficient o is shown in a vertical
axis on the right side of FIG. 7.

[0801] InFIG. 7, althoughitis observed that the absorption
by the glucose molecule exists slightly near 1.6 pm and 2.1
wm, the absorption by the glucose molecule is much smaller
than that by the water.

[0802] The upper part of FIG. 8 shows the difference in
absorbance between water and glucose, and the lower part of
FIG. 8 shows the specific absorbance in which the absorbance
is divided by the water absorbance.

[0803] From the specific absorbance shown in FIG. 8, it is
observed that the clear maximum of the absorbance by the
glucose molecule is located at 1608 nm and 2126 nm. For
example, for the absorption wavelength by the glucose mol-
ecule, the wavelength A, of the first light source 101 is set at
1608 nm (specific absorbance is 0.114 M™"). The wavelength
%, is shown by the vertical solid line with (o) in FIG. 8.
[0804] The absorption coefficient o, of the background
(water) at the wavelength 1608 nm is 0.608 mm™" from FIG.
7. The wavelength A, in which o.,"”’=a.,? is the wavelength
of 1381 nm or the wavelength of 1743 nm from the water
absorption spectrum of FIG. 7. The value of o, is checked
with the specific absorbance spectrum of FIG. 8 for each of
the candidates of the wavelength A, of the second light source
105. As a result, while the specific absorbance becomes zero
at the wavelength of 1381 nm, the wavelength of 1743 nm is
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located in the absorption band of the glucose molecule, and
the specific absorbance is 0.0601 M™* at the wavelength of
1743 nm. Because the measurement is easily performed when
the absorbance difference o, ‘”—c,” is larger as much as
possible, in the case of above, the wavelength of 1381 nm is
selected as the wavelength A, of the second light source 105.
[0805] In the case where the wavelength of 2126 nm is set
at the wavelength A, of the first light source 101 (specific
absorbance is 0.0890 M) in the long wavelength side,
becames of the same way as described above the wavelengths
of 1837 nm and 2294 nm exist as the wavelength in which the
water molecule exhibits the absorption coefficient equal to
the absorption coefficient o,’=2.361 mm™" at the wave-
length of 2126 nm. Both the wavelengths of 1837 nm and
2294 nm are located outside the glucose absorption (shown
by the vertical dotted line in FIG. 8), so that either 1837 nm or
2294 nm may be selected as the wavelength A, of the second
light source 105.

EXAMPLES

[0806] Then, specific examples in the first embodiment will
be described below.

First Example-1

[0807] In the blood constituent concentration measuring
apparatus according to the first embodiment shown in FIG. 1,
it is effective that a laser light source is used as the first light
source 101 and the second light source 105. In selecting the
laser light source, it is necessary to estimate the necessary
output laser power level.

[0808] Inirradiating the human body with the light, there is
the acceptable limit of the light intensity. Generally one-
tenths of the intensity in which affection is generated in 50%
individual is defined as the maximum tolerance in JIS C6802.
According to JIS C6802, the maximum tolerance is | mW per
1 mm* in the continuous irradiation of non-visible infrared
light (wavelength 0.8 um or longer) for the skin.

[0809] In afirst example, the blood constituent of the mea-
suring object is set at blood sugar, the irradiation light wave-
length is set at 1.6 um, and the modulation frequency f is set
at 150kHz or more because of the above-described principle.
The wavelength A=c/f becomes 10 mm or less in the photoa-
coustic signal generated in the living body test region 110.
When the fingertip is set as the living body test region 110, the
distance r between the irradiation region irradiated with the
light and the detection portion in which the ultrasonic detec-
tor 113 comes into contact with the living body test region 110
becomes 10 mm, the beam diameter w,, having the Fresnel
number of N=W,%(r}) is computed in W,>=10 mm°*. An
irradiation light beam area is computed by multiplying 7.
When the maximum tolerance is integrated to compute the
maximum irradiation light power, the maximum tolerance
becomes 31 mW.

[0810] When the irradiation light is set at the 2.1 um band,
the maximum power becomes 8 mW from the similar com-
putation, and this optical output can sufficiently be supplied
by the semiconductor laser.

[0811] The compact semiconductor laser has a long life,
and the semiconductor laser has an advantage that the inten-
sity modulation is easily performed by modulating injection
current. Therefore, in the first example, the semiconductor
laser is used as the first light source 101 and the second light
source 105.
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[0812] FIG. 9 shows a configuration example of the blood
constituent concentration neasuring apparatus according to
the first example. The configuration of the first example
shown in FIG. 9 of the blood constituent concentration mea-
suring apparatus according to the first embodiment is the
forward propagation type which detects the acoustic wave
propagating in the irradiation light direction, and the first
example has the configuration similar to the basic configura-
tion of the blood constituent concentration measuring appa-
ratus shown in FIG. 1. The first light source 101, the second
light source 105, the drive circuit 104, the drive circuit 108,
the 180°-phase-shift circuit 107, the coupler 109, an ultra-
sonic detector 113, the phase sensitive amplifier 114, the
output terminal 115, and the oscillator 103 which are shown
in FIG. 1 correspond to a first semiconductor light source 501
and a lens 502, a second semiconductor light source 505 and
alens 506, a drive current source 504, a drive current source
508, a 180°-phase-shift circuit 507, a coupler 509, an ultra-
sonic detector 513 and an acoustic coupler 512, a phase
sensitive amplifier 514, an output terminal 515, and an oscil-
lator 503 which are shown in FIG. 9 respectively. All the
components shown in FIG. 9 have the similar functions as
those shown in FIG. 1.

[0813] However, the light beams outputted from the first
semiconductor light source 501 and the second semiconduc-
tor light source 505 shown in FIG. 9 are caused to converge
into parallel light fluxes by the lens 502 and lens 506 respec-
tively, the parallel light fluxes are multiplexed by the coupler
509 into one light flux, and the living body test region 510 is
irradiated with the light. The acoustic coupler 512 shown in
FIG. 9 is placed between the ultrasonic detector 513 and the
living body test region 510 to have a function of enhancing
photoacoustic signal transmission efficiency between the
ultrasonic detector 513 and the living body test region 510.
[0814] FIG. 9also shows a calibration test sample 511. The
function of the calibration test sample 511 will be described
later.

[0815] The first semiconductor light source 501 is inten-
sity-modulated by the drive current source 504 in synchroni-
zation with the oscillator 503, the output light is collected into
the parallel light flux by lens 502, and the parallel light flux is
inputted to the coupler 509. The second semiconductor light
source 505 is intensity-modulated by the drive current source
508 in synchronization with the oscillator 503, the output
light is collected into the parallel light flux by lens 506, and
the parallel light flux is inputted to the coupler 509. At this
point, because the output of the oscillator 503 is transmitted to
the drive current source 508 through the 180°-phase-shift
circuit 507, the light outputted from the second semiconduc-
tor light source 505 is intensity-modulated by the signal hav-
ing the reverse phase with respect to the light outputted from
the first semiconductor light source 501.

[0816] The light beams outputted from each of the first
semiconductor light source 501 and the second semiconduc-
tor light source 505 are inputted to the coupler 509, and the
light beams are multiplexed into one light flux, and the living
body test region 510 is irradiated with the one light flux.
[0817] The light with which the living body test region 510
is irradiated generates the photoacoustic signal in the living
body test region 510, the generated photoacoustic signal is
detected by the ultrasonic detector 513 through the acoustic
coupler 512, and the photoacoustic signal is converted into
the electric signal proportional to the acoustic pressure of the
photoacoustic signal.
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[0818] The synchronous detection, the amplification, and
the filtering are performed to the signal which is detected by
the ultrasonic detector 513 and converted into the electric
signal proportional to the acoustic pressure of the photoa-
coustic signal, and the signal is outputted to the output termi-
nal 515 by the phase sensitive amplifier 514 synchronized
with the oscillator 503.

[0819] As described above, the wavelength of the first
semiconductor light source 501 is set at 1608 nm, and the
wavelength of the second semiconductor light source 505 is
set at 1381 nm. The oscillation frequency of the oscillator
503, i.e., the modulation frequency fis set at 207 kHz such
that E=ko.,®=2"" is obtained.

[0820] The optical output of the first semiconductor light
source 501 is set at 5.0 mW, and the optical output of the
second semiconductor light source 505 is also set at 5.0 mW.
[0821] The light beam diameter with which the living body
test region 510 is irradiated is set as w,=2.7 mm such that the
Fresnel number N becomes 0.1 while the distance r between
the irradiation portion and the detection portion is set at 10
mm.

[0822] In this state of things, the irradiation intensity to the
skin of the living body test region 510 is 0.44 mW/mm® in the
light in which the light beams outputted from the first semi-
conductor light source 501 and second semiconductor light
source 505 are multiplexed, and the irradiation intensity is in
a safe level which is lower than a half of the maximum
tolerance. However, the irradiation intensity is in a dangerous
level for eyes. Therefore, it is necessary that light shielding
hoods (not shown in FIG. 9) is placed in the coupler 509 and
the living body test region 510 such that the light reflected or
scattered from the acoustic coupler 512 is not directly inci-
dent to the eyes during the measurement, or during in which
the living body test region 510 is not placed.

[0823] The ultrasonic detector 513 is a frequency flat type
electrostrictive device (PZT) into which an FET (field effect
transistor) amplifier is incorporated, and the acoustic coupler
512 is an acoustic matching gel.

[0824] Inthe above configuration, first the optical output of
the first semiconductor light source 501 is set to zero, and the
living body test region 510 is irradiated only with the light
outputted from the second semiconductor light source 505 as
shown in FIG. 9. Then, in the output terminal 515 of the phase
sensitive amplifier 514 whose time constant is set at 0.1
second, the voltage of Vr=20 uV is obtained as the electric
signal corresponding to the photoacoustic signal s,.

[0825] At this point, it is necessary to search the optimum
phase difference in each measurement, because the phase
difference 6 between the synchronous signal transmitted
from the oscillator 503 in the phase sensitive amplifier 514
and the signal in which the photoacoustic signal is detected
and converted into the electric signal by the ultrasonic detec-
tor 513 is changed by the modulation frequency f and the
distance r between the irradiation portion where the living
body test region 510 is irradiated with the light and the contact
portion which comes into contact with the acoustic coupler
512. Tt is effective that the search of the phase difference is
performed by measuring the photoacoustic signal s, having
the large signal amplitude.

[0826] In the case of the two-phase type phase sensitive
amplifier, because the type phase sensitive amplifier has abil-
ity to always automatically determine the phase difference 6,
itis not necessary to manually perform the search of the phase
difference. That is, the phase and amplitude are determined
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by measuring the photoacoustic signal s, in an R-6 mode in
which unknown phase and amplitude can be measured, and
using the measured value of the phase the difference signal
s,-s, of the photoacoustic signals is measured in an X mea-
suring mode in which the amplitude can be measured while
noise suppression ratio is improved by 3 dB when the phase is
already known.

[0827] When the first semiconductor light source 501 emits
the light, V =7.71V (the direct measured value becomes -7.7
nV because the phase is reversed) is obtained at the output
terminal 515 in the form of the electric signal corresponding
to the difference signal s,-s, of the photoacoustic signals.
Then, the optical output of the first semiconductor light
source 501 is set to Zero again, and the photoacoustic signal s,
is measured while the sensitivity and time constant of the
phase sensitive amplifier 514 are returned to the original state,
and the voltage of Vr=22 pV is obtained. The value of Vr
becomes 21 pV from the average of the two times of Vr.
[0828] As described above, it is desirable that the signal
corresponding to the photoacoustic signal s, i.e., Vr is mea-
sured twice before and after measuring the difference signal
s,—s, of the photoacoustic signals.

[0829] The drift of the unknown multiplier C can be cor-
rected during measuring the difference signal s,-s, by the
above procedure. The drift of the unknown multiplier C is
derived from the change in the distance r caused by the change
in pressing force of the fingertip of the subject and from the
local temperature change caused by the light irradiation.
[0830] The glucose concentration M of 3.2 mM (58 mg/dl)
is determined from the measured values, the specific absor-
bance value 0.114 M~ at the wavelength of 1608 nn, and the
formula (4).

[0831] The acoustic pressure upper limit P, of 0.17 Pais
obtained for =1 mW/mm? using the values for the water,
ie, C,71 (cal/g-deg)=4.18x10% (J/kg'K), =300 ppm/deg,
and ¢=1.51x10° (m/s). When the acoustic pressure upper
limit P, , is multiplied by the Fresnel number N=0.1, the
attenuation of 15" associated with E=2'%, and an actual
irradiation power ratio of 0.22, the expected amplitude of the
acoustic pressure is 2.1 mPa.

[0832] On the contrary, because nominal sensitivity of the
ultrasonic detector 513 is 66 mV/Pa, itis calculated the output
voltage of the output terminal 515 is 140 uV. However, the
actually measured value of the photoacoustic signal s, is
one-sevenths of 140 pV. This is attributed to the incomplete-
ness of the acoustic coupler 512.

First Example-2

[0833] Ina first example-2, for the purpose of the improve-
ment of the acoustic coupling state, an acryl plate having the
thickness of 6.6 mm is formed in the same diameter of 10
mm¢ as that of the ultrasonic detector 513 in order to cause
the acoustic coupler 512 to be a resonance type. One of the
surfaces of the acoustic coupler 512 is attached to the ultra-
sonic detector 513 through vacuum grease, and the other
surface is in contact with the living body test region 510
through the acoustic matching gel.

[0834] In the above configuration, as a result of the two-
time measurement in the same procedure, the measured val-
ues of the photoacoustic signal s, are 150 uV and 153 uV, and
the measured value of the difference signal s, -s, between the
photoacoustic signals is 59 nV. In the above measurement, the
time constant of the phase sensitive amplifier 514 is three
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seconds. The glucose concentration M of 3.4 mM (61 mg/dl)
is determined from the measured values.

First Example-3

[0835] In the first Example-2, the resonant frequency does
not completely coincide with the modulation frequency f in
the acoustic coupler 512. Therefore, in a first Example-3,
during measuring the forestage photoacoustic signal s,, the
frequency of the oscillator 503 is swept in a range of several
percent to operate the two-phase type phase sensitive ampli-
fier 514 in the R-0 mode, and the modulation frequency fis set
such that the output of the signal output terminal 515 becomes
the maximum. Therefore, in the acoustic coupler 512, the
resonant frequency is caused to completely coincide with the
modulation frequency f.

[0836] Through the same procedures as the first Example-2
except for the above procedure, 600 pV and 604 pV are
obtained by the two-time measurements. The measured value
of the difference signal s,-s, between the photoacoustic sig-
nals is 0.25 nV. In this case, the time constant of the phase
sensitive amplifier 514 is one second. The glucose concentra-
tion M of 3.6 mM (65 mg/dl) is determined from the mea-
sured values.

[0837] The frequency flat type electrostrictive device
(PZT) is used as the ultrasonic detector 513 in the first
Example-1, first Example-2, and first Example-3. However,
even in the normal type electrostrictive device (PET), by
searching the modulation frequency f'in which the amplitude
of the signal obtained at the output terminal 515 is maximum,
the measurement can be performed with the increased sensi-
tivity by utilizing resonance characteristics. Therefore, the
normal type electrostrictive device (PET) is suitable for the
miniaturization and cost reduction.

First Example-4

[0838] A first Example-4 is a case where the calibration test
sample 511 is introduced as the means for adjusting the light
powers outputted from the first semiconductor light source
501 and the second semiconductor light source 505 such that
the light power are equalized.

[0839] In the configuration of the calibration test sample
511, water is sealed in a glass container, or the water in which
the scatterers, such as latex powders, are dispersed is sealed in
the glass container. The scatterers such as latex powders
simulate the scattering in the living body.

[0840] Inorderto secure the evenness of the transmittances
for the wavelength A, and wavelength %, in the glass of the
surface of the calibration test sample 511, which is irradiated
with the light (upper surface in FIG. 9), it is effective that a
pipe shaped margin having a diameter through which the
irradiation beam passes is provided in the upper surface of the
calibration test sample 511 to prevent the direct contact with
the surface, or it is effective that the calibration test sample
511 is cleaned with a predetermined product through a pre-
determined procedure before the use of the calibration test
sample 511.

[0841] The calibration procedure in which the calibration
test sample 511 is attached instead of the living body test
region 510 is performed as follows.

[0842] First the optical output of the first semiconductor
light source 501 is set to zero, and the calibration test sample
511is irradiated only with the light outputted from the second
semiconductor light source 505 as shown in FIG. 9. The
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two-phase type phase sensitive amplifier 514 is operated in
the R-8 mode, and the phase 8 at that time is determined and
fixed. In the resonance type ultrasonic wave detection, at this
stage, similarly the optimum modulation frequency f is
searched in order to cause the resonant frequency and modu-
lation frequency of the acoustic coupler 512 to coincide with
each other.

[0843] First the decrease in signal outputted to the output
terminal 515 of the phase sensitive amplifier 514 is observed
while the light outputted to the first semiconductor light
source 501 is increased, and the sensitivity and time constant
of the phase sensitive amplifier 514 are changed in accor-
dance with the decrease in signal outputted to the output
terminal 515. Then, the optical output of the first semicon-
ductor light source 501 is fixed at the time when the output
obtained at the output terminal 515 becomes zero.

[0844] Through the above procedure, the calibration can be
performed with the calibration test sample 511 into the state,
in which the relative intensity of the light outputted from the
first semiconductor light source 501 and the relative intensity
of the light outputted from the second semiconductor light
source 505 are equal to each other and the light beams out-
putted from the first semiconductor light source 501 and
second semiconductor light source 505 are intensity-modu-
lated by the signals having the reverse phases.

[0845] A method of turning on a power supply of the blood
constituent measuring apparatus according to the first
example-4 while the calibration test sample 511 is attached
instead of the living body test region 510 can be defined to
perform the above sequences as POST (Power On Self Test)
in a power-on operation.

Second Example-1

[0846] A second example-1 is a rearward propagation type
which detects the acoustic wave propagating in the opposite
direction to the irradiation light. As shown in FIG. 10, the
configuration of the second example has the configuration in
which, in the configuration of the first example of the blood
constituent concentration measuring apparatus shown in FIG.
9, the acoustic coupler 512 is placed between the coupler 509
and the living body test region 510, one of the surfaces of the
acoustic coupler 512 is in contact with the living body test
region 510, the light multiplexed by the coupler 509 is inci-
dent to the other surface of the acoustic coupler 512, the
incident light passes through the acoustic coupler 512, and the
living body test region 510 is irradiated with the light. The
ultrasonic detector 513 is placed on the side where the mul-
tiplexed light is incident to the acoustic coupler 512.

[0847] The operation of the blood constituent concentra-
tion measuring apparatus according to the second example-1
differs from that of the first example in that, as shown in FIG.
10, the light outputted from the coupler 509 passes through
the acoustic coupler 512, the living body test region 510 is
irradiated with the light, the photoacoustic signal generated in
the living body test region 510 propagates through the acous-
tic coupler 512 again, and the photoacoustic signal is detected
by the ultrasonic detector 513.

[0848] In the above configuration, because the irradiation
light passes through the acoustic coupler 512, it is desirable
that the acoustic coupler 512 has the small light absorption
and the acoustic impedance close to the living body (water).
[0849] Inthe second example-1, the acoustic coupler 512 is
made of quartz glass having the small light absorption. The
quartz glass has the acoustic impedance eight times the water,
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only about one-fifths of the generated acoustic pressure
becomes the propagation wave in the quartz glass, and the
acoustic pressure is observed by the ultrasonic detector 513.
Accordingly, because the quartz glass brings a disadvantage
from the viewpoint of sensitivity, it is necessary that the
acoustic coupler 512 itself has the resonance characteristics
to increase the sensitivity. That is, the thickness (correspond-
ing to the propagation length of the light flux in the glass in the
drawing) of the quartz glass is set at 14 mm which becomes a
substantially half of the wavelength (A=27.85 mm) of the
acoustic wave for the modulation frequency f of 200 kHz.
[0850] The acoustic wave in the quartz glass is regarded as
the spherical wave in the far site from the living body test
region 510, so that the ultrasonic detector 513 is placed at an
angle of 150° with respect to the incident light flux (when the
ultrasonic detector having a hole through which the incident
light flux passes is used, the ultrasonic detector can be placed
in the completely rearward direction of 180°).

[0851] In the configuration of the second example-1, the
distance r between the irradiation portion where the living
body test region 510 is irradiated with the light and the detec-
tion unit where the ultrasonic detector 513 detects the pho-
toacoustic signal in the acoustic coupler 512 is fixed to a
constant value (in this case, r=14 mm) which is determined by
a size of the acoustic coupler 512.

[0852] The first semiconductorlight source 501, the second
semiconductor light source 505, and the ultrasonic detector
513 are similar to those of the first example. For the purpose
of safety, a test body sensing switch (neglected in FIG. 10) is
arranged such that light irradiation is not performed when no
object is placed on the acoustic coupler 512.

[0853] Similarly to the first example, during measuring the
forestage photoacoustic signal s,, the frequency of the oscil-
lator 503 is swept to search the modulation frequency fwhich
coincides with the resonant frequency of the acoustic coupler
512. Through the same procedure as the first example, 200 LV
and 206 uV are obtained as the photoacoustic signal s, by the
two-time measurements. The measured value of the differ-
ence signal s, -s, between the photoacoustic signals is 79 nV
when the time constant of the phase sensitive amplifier 514 is
setat one second. The glucose concentration M of 3.4 mM (61
mg/dl) is determined from the measured values.

Second Example-2

[0854] Inthesecond example-2, the acoustic coupler 512 is
made of low-density polyethylene. The low-density polyeth-
ylene is excellent for the acoustic wave coupling (pressure
loss is lower than 9%) because the acoustic impedance of the
low-density polyethylene differs from that of the water only
by 18%. However, the low-density polyethylene slightly
absorbs the light and the low-density polyethylene is exces-
sively soft. However, the low-density polyethylene has the
advantage in that, due to the sofiness, the low-density poly-
ethylene comes into close contact with the living body not to
require a supply material such as the acoustic matching gel.
High-density polyethylene having the rigidity is not suitable
because the high-density polyethylene is not transparent for
the light.

[0855] Inthe second example-2, the thickness of the acous-
tic coupler 512 is set at 10 mm which is substantially equal to
the acoustic wave wavelength for the modulation frequency f
0f 200 kHz, and the distance r between the irradiation portion
and the detection portion is also set at the fixed value of 10
mm.
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[0856] Similarly to the second example-1, 300 1V and 289
1V are obtained as the photoacoustic signal s, by the two-time
measurements. The measured value of the difference signal
$,-5, between the photoacoustic signals is 117 nV when the
time constant of the phase sensitive amplifier 514 is set at one
second. The glucose concentration M of 3.5 mM (63 mg/dl) is
determined from the measured values.

[0857] Thereason why the measured signal is not increased
while the low-density polyethylene has the low-pressure loss
is that the acoustic coupler 512 is deformed by the pressing
force of the living body test region 510 and thereby the size
becomes unstable to insufficiently increase the sensitivity
improvement by the resonance.

Second Example-3

[0858] The second example-3 is the case where the calibra-
tion means with the calibration test sample 511 is introduced
to the second example-2. In this case, in the calibration test
sample 511, the container in which the water or the water
containing the scatterers is sealed is made of the same mate-
rial as the acoustic coupler 512.

[0859] The surface irradiated with the light is the surface of
which the calibration test sample 511 is in contact with the
acoustic coupler 512 shown in FIG. 10. In order to secure
cleanness for a long term, the calibration test sample 511 is
cleaned with the predetermined product through the prede-
termined procedure before the use of the calibration test
sample 511.

[0860] The calibration procedure, which is performed by
attaching the calibration test sample 511, instead of the living
body test region 510 and the like are similar to the first
example-4.

Third Example

[0861] Examples for the glucose concentration in the
blood, i.e., the blood sugar level are shown in the first example
and the second example. However, in addition to the glucose,
the blood contains many components such as cholesterol,
lipid, protein, and an inorganic component. The blood con-
stituent concentration measuring apparatus and control
method of blood constituent concentration measuring appa-
ratus according to the first embodiment are applied to choles-
terol in a third example. The blood constituent concentration
measuring apparatus and control method of blood constituent
concentration measuring apparatus in the third example can
also be applied in examples in the later-mentioned second
embodiment, third embodiment, fourth embodiment, fifth
embodiment, and sixth embodiment.

[0862] FIG. 11 shows the absorbance of water in a fre-
quency range of 1200 nm to 2500 nm. FIG. 12 shows the
absorbance of cholesterol in a frequency range of 1600 nm to
2600 nm. Referring to the spectrum shown in FIG. 12, it is
observed that the clear maximum of the absorption by the
cholesterol molecule exists in 2310 nm.

[0863] The absorption coefficient o, of the background
(water) at the wavelength 0f 2310 nm is 1.19 mm™" from FIG.
11. The wavelength &, in which c.,”=a,® is obtained is the
wavelength of 2120 nm or the wavelength of 1880 nm from
the water absorption spectrum of FIG. 11. The value of o,
is confirmed for each of the candidates of the wavelength A,
of the second light source 105 by the absorption spectrum of
FIG. 12. As a result, in the cholesterol molecule, it is found
that the absorption is large at the wavelength of 1880 nm as
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compared with the absorption in the wavelength of 2120 nm.
Because the measurement is easily performed when the
absorbance difference o, “-c,"” is large as much as pos-
sible, in this case, 2120 nm is selected as the wavelength of the
second light source. Accordingly, the measurement is per-
formed while the wavelength of the first light source is set at
2310 nm and the wavelength of the second light source is set
at 2120 nm.

[0864] FIG.13 shows a configuration of the blood constitu-
ent concentration measuring apparatus according the third
example. The configuration of the third example of the blood
constituent concentration measuring apparatus shown in FIG.
13 is the forward propagation type which detects the photoa-
coustic signal propagating in the irradiation light direction.
The third example has the basic configuration similar to that
of the blood constituent concentration measuring apparatus
shown in FIG. 1.

[0865] That is, a first semiconductor light source 801 and a
lens 802, a second semiconductor light source 805 and a lens
806, a drive current source 804, a drive current source 808, a
180°-phase-shift circuit 807, a coupler 809, an ultrasonic
detector 813 and an acoustic coupler 812, a phase sensitive
amplifier 814, an output terminal 815, and an oscillator 803
which are shown in FIG. 13 have the same functions as those
of the first light source 101, the second light source 105, the
drive circuit 104, the drive circuit 108, the 180°-phase-shift
circuit 107, the coupler 109, the ultrasonic detector 113, the
phase sensitive amplifier 114, the output terminal 115, and the
oscillator 103 which are shown in FIG. 1 respectively.
[0866] The first semiconductor light source 801 is inten-
sity-modulated by the drive current source 804 in synchroni-
zation with the oscillator 803, the output light is collected into
the parallel light flux by lens 802, and the parallel light flux is
inputted to the coupler 809. The second semiconductor light
source 805 is also intensity-modulated by the drive current
source 808 in synchronization with the oscillator 803, the
output light is collected into the parallel light flux by lens 8§06,
and the parallel light flux is inputted to the coupler 809.
[0867] Atthispoint, becausethe output of the oscillator 803
is transmitted to the drive current source 808 through the
180°-phase-shift circuit 807, the light outputted from the
second semiconductor light source 805 is intensity-modu-
lated by the signal having the reverse phase with respect to the
light outputted from the first semiconductor light source §01.
[0868] The light beams outputted from the first semicon-
ductor light source 801 and the second semiconductor light
source 805 are inputted to the coupler 809, and the light
beams are multiplexed into one light flux, and the living body
test region 810 which is of the test subject is irradiated with
the one light flux.

[0869] The light with which the living body test region 810
is irradiated generates the photoacoustic signal in the living
body test region 810, the generated photoacoustic signal is
detected by the ultrasonic detector 813 through the acoustic
coupler 812, and the ultrasonic detector 813 converts the
photoacoustic signal into the electric signal proportional to
the acoustic pressure of the photoacoustic signal.

[0870] The phase sensitive amplifier 814 performs syn-
chronized the oscillator the synchronous detection, the ampli-
fication, and the filtering to the signal converted into the
electric signal, and the phase sensitive amplifier 814 outputs
the signal to the output terminal 815.

[0871] The wavelength of the first semiconductor light
source 8011s set at 2310 nm, and the wavelength ofthe second
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semiconductor light source 805 is set at 2120 nm. The oscil-
lation frequency of the oscillator 803, i.e., the modulation
frequency f is set at 207 kHz such that t=ka,”=2"? is
obtained.

[0872] The optical output of the first semiconductor light
source 801 is set at 5 mW, and the optical output of the second
semiconductor light source 805 is also set at 5 mW.

[0873] Thelight beam diameter with which the living body
test region 810 is irradiated is set as w,=2.7 mm such that the
Fresnel number N becomes 0.1 while the distance r between
the irradiation portion and the detection portion in the living
body test region 810 is set at 10 mm.

[0874] In this state of things, the irradiation intensity to the
skin of the living body test region 810 is 0.44 mW/mm? in the
light in which the light beams outputted from the first semi-
conductor light source 801 and the second semiconductor
light source 805 are multiplexed, and the irradiation intensity
is in the safe level which is lower than a half of the maximum
tolerance. However, in consideration of the leakage to the
outside, it is preferable that light shielding hoods (not shown)
is placed in the coupler 809 and the living body test region
810.

[0875] Theultrasonic detector 813 is the frequency flat type
electrostrictive device (PZT) into which the field effect tran-
sistor (FET) amplifier is incorporated. An acoustic matching
gel is used as the acoustic coupler 812.

[0876] In the above configuration of FIG. 13, the optical
output of the first semiconductor light source 801 is set to
zero, and the living body test region 810 is irradiated only
with the light outputted from the second semiconductor light
source 805. Then, in the output terminal 815 of the phase
sensitive amplifier 8§14 whose time constant is set at 0.1
second, the voltage of Vr=40 uV is obtained as the electric
signal corresponding to the photoacoustic signal s,.

[0877] Itis necessary to search the optimum phase differ-
ence in each measurement, because the phase difference 0
between the synchronous signal transmitted from the oscilla-
tor 803 in the phase sensitive amplifier 814 and the signal in
which the photoacoustic signal is detected and converted into
the electric signal by the ultrasonic detector 813 is changed by
the modulation frequency f and the distance r between the
irradiation portion where the living body test region 810 is
irradiated with the light and the contact portion which comes
into contact with the acoustic coupler 812. It is effective that
the search of the phase difference is performed by measuring
the photoacoustic signal s, having the large signal amplitude
as the phase basis.

[0878] In the case of the two-phase type phase sensitive
amplifier, because the type phase sensitive amplifier can has
ability to always automatically determine the phase differ-
ence 6, the phase difference can automatically be adjusted by
utilizing the function. That is, the phase and amplitude are
determined by measuring the photoacoustic signal s, in the
R-6 mode in which unknown phase and amplitude can be
measured, and the difference signal s,—s., of the photoacous-
tic signals is measured in the X measuring mode in which the
amplitude can be measured while noise suppression ratio is
improved by 3 dB when the phase is already known.

[0879] When the first semiconductor light source 801 emits
the light, the output of about 10 nV is obtained at the output
terminal 815 in the form of the electric signal Vd correspond-
ing to the difference signal s, —s, of the photoacoustic signals.
Then, the optical output of the first semiconductor light
source 801 is set to zero again, and the photoacoustic signal s,
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is measured while the sensitivity and time constant of the
phase sensitive amplifier 814 are returned to the original state,
and the voltage of Vr=42 1V is obtained. The value of Vr
becomes 41 puV from the average of the two times of Vr.

[0880] As described above, it is desirable that the signal Vr
corresponding to the photoacoustic signal s, is measured
twice before and after measuring the difference signal s,—s,
of the photoacoustic signals. The drift of the unknown mul-
tiplier C can be corrected during measuring the difference
signal s,-s, through the above procedure. The drift of the
unknown multiplier C is derived from the change in distance
r caused by the change in pressing force of the fingertip of the
subject and from the local temperature change caused by the
light irradiation.

[0881] When the photoacoustic signal derived from the
cholesterol in the living body test region is measured with the
ultrasonic detector in the above measuring system, the output
value of several hundreds nV can be obtained as the differ-
ence signal s,—s, of the photoacoustic signals.

[0882] Although the living body blood constituent concen-
tration measuring apparatus and the living body control
method of blood constituent concentration measuring appa-
ratus are described in the third example, the third example can
also be applied to the liquid instead of the living body. That is,
as can be seen from the description of the direct photoacoustic
method based on the first embodiment and the constituent
concentration computation method shown in the formula (4),
the liquid constituent concentration measuring apparatus and
liquid constituent concentration measuring apparatus con-
trolling method according to the third embodiment can also
be realized to measuring objects except for the living body. In
this case, when the two wavelengths having the same absorp-
tion coefficient for the liquid and the different absorption
coeflicients for the object material are used, the constituent in
the liquid can be detected without interruption of the absorp-
tion of the liquid. In the above embodiment and examples,
fruit is placed instead of the living body test region, the liquid
constituent concentration measuring apparatus functions as a
fruit sugar content meter. This is because sucrose and fruit
sugar, which are of a sugar constituent of the fruit, has the
absorption in the wavelength similar to the glucose which is
of the blood sugar constituent. Thus, the measuring apparatus
and measuring apparatus controlling method according to the
first embodiment could clearly be applied to various objects
without departing from the spirit of the first embodiment.

Fourth Example

[0883] FIG. 58 shows aconfiguration ofa blood constituent
concentration measuring apparatus according to a fourth
example. The fourth example is the case where a contact
thermometer 138 is further introduced to the blood constitu-
ent concentration measuring apparatus described in the first
example-1 to the first example-4.

[0884] In the configuration shown in FIG. 58, the wave-
length value of the first light source 101 is set at 1608 nm, and
the wavelength of the second light source 105 is set at 1381
nm. These wavelengths are based on the water absorbance at
a water temperature 0f 39° C. as shown in FIG. 7. The refer-
ence temperature 39° C. is higher than an ordinary tempera-
ture of the body temperature, and exactly it is necessary that
the setting of the wavelength of the laser light source is
changed according to the body temperature of the subject,
1.e., temperature of the living body test region 110. This is
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because the light absorption properties of the water are
changed depending on the water temperature.

[0885] FIG. 58 shows the water absorbance which depends
on the water temperature. FIG. 58 shows the absorbance of a
water absorption band having the maximum near the wave-
length of 1450 nm for the water temperature in the range of
25°C.to 55° C. atintervals of 5° C. when the water tempera-
ture is set at the parameter. As can be seen from FIG. 58, the
water absorption band is shifted toward the short wavelength
direction as the water temperature rises, and thereby the
absorption is increased on the short wavelength side while the
absorption is decreased on the long wavelength side.

[0886] In order to check the detailed characteristics, FIG.
59 shows the temperature change of the water absorbance at
a constant wavelength. On the long wavelength side, the
water absorbance is decreased at a rate of 1.366x10™> mm™'/°
C. for the temperature in the wavelength of 1608 nm of the
first light source 101. On the other hand, on the short wave-
length side, the water absorbance is increased at a rate of
1.596x10~> mm~Y/° C. in the wavelength of 1381 nm of the
second light source 105.

[0887] Asaresult, the difference in absorbance between the
two wavelengths is decreased at a rate of 2.962x10° mm™/°
C. for the temperature, and the specific absorbance is
decreased at a rate of 1.001x107%/° C. for the temperature.
When the specific absorbance value of 0.114 M~ of the
glucose at 1608 nm is used for the change rate, it is found that
underestimate of 87.78 mM (1581 mg/dl) per deviation of 1/°
C. is generated for the glucose concentration M from the
reference temperature of the body temperature.

[0888] Inordercorrect to the error, the contact thermometer
138 is placed on the light irradiation side of the living body
testregion 110 to measure the local body temperature near the
light irradiation portion, and the value in which the correction
coefficient of 1581 mg/dl/° C. is multiplied by the tempera-
ture difference between the measured body temperature value
and the reference temperature is added to the computation
value of the glucose concentration M by the formula (4). The
reason why the contact thermometer 1381s placed on the light
irradiation side is that the surface temperature on the irradia-
tion side of the living body test region where the light absorp-
tion is generated is involved in the correction. For example,
when the surface temperature on the irradiation side is
replaced by the living body surface temperature on the side
which is contact with the side of the ultrasonic detector 113,
because the body surface temperature which is in unavoidable
thermal contact with the ultrasonic detector 113 is used, there
is a fear that the large error is generated.

[0889] Inthe case where the calibration test sample is used
in the blood constituent concentration measuring apparatus
shown in FIG. 57, the correction based on the surface body
temperature measurement may be performed as follows. FIG.
60 shows an example in which the calibration test sample is
further applied to the blood constituent concentration mea-
suring apparatus shown in FIG. 57.

[0890] A thermometer 143, which measures the liquid tem-
perature in the calibration test sample 141, is attached to the
calibration test sample 141. In the above procedure, the scale
reading of the thermometer is recorded as a calibration tem-
perature at the time when the photoacoustic signal outputted
from the output terminal 115 becomes zero to fix the output
the drive circuit 104. In the following measurement of the
living body test region 110, the correction is performed using
the calibration temperature instead of the reference tempera-
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ture of the correction computation method shown in the
example. That is, the local body temperature near the light
irradiation portion is measured by the contact thermometer
138, and the value in which the correction coefficient of 1581
mg/dl/° C. is multiplied by the temperature difference
between the measured body temperature value and the cali-
bration temperature may be added to the computation value of
the glucose concentration M by the formula (4).

[0891] In the case where constant-temperature means (ne-
glected in FIG. 60) for keeping the liquid temperature con-
stant is placed in the calibration test sample 141, in measuring
the living body test region 110, the thermometer 143 placed in
the calibration test sample 141 and the contact thermometer
138 of the living body test region 110 are simultaneously
operated, and the temperature difference can also be deter-
mined from the difference in scale reading. Particularly, in
this case, when the thermometer 143 and the contact ther-
mometer 138 are formed by the same kind of thermometer,
for example, a balance configuration which accurately reads
the difference in output between the thermometer 143 and the
contact thermometer 138 can be formed with a bridge circuit.
In the balance configuration, because the accuracy of the
absolute temperature is not required for the thermometer 143
and the contact thermometer 138, the example can be realized
using a simple temperature measuring device such as a ther-
mistor.

Fifth Example

[0892] FIG. 61 shows aconfiguration ofa blood constituent
concentration measuring apparatus according to a fifth
example. The fifth example is the case where the contact
thermometer 138 is further introduced to the blood constitu-
ent concentration measuring apparatus described in the sec-
ond example-1 to second example-3.

[0893] Inthe fifth example, because of the correction based
onthesurface body temperature measurement, it is preferable
that the contact thermometer 138 is embedded in the surface
of the acoustic coupler 142, which is in contact with the living
body test region 110. In this case, it is desirable to use the
contact thermometer 138 having the acoustic impedance
close to the acoustic impedance of the acoustic coupler 142.
This is because the disturbance of the ultrasonic wave propa-
gation in the acoustic coupler 142 by the contact thermometer
138 is suppressed. The following correction based on the
surface body temperature value measured by the contact ther-
mometer 138 is performed by the same computation method
as the fourth example. The calibration procedure which is
performed by attaching the calibration test sample 141
instead ofthe living body test region 110, the correction based
on the surface body temperature value measured by the con-
tact thermometer 138, and the like can be performed accord-
ing to the fourth example.

Second Embodiment

[0894] FIGS. 14 and 15 show a blood constituent concen-
tration measuring apparatus according a second embodiment.
InFIGS. 14 and 15, the numeral 100 designates the oscillator,
the numeral 101 designates the first light source, the numeral
102 designates the drive circuit, the numeral 103 designates
the oscillator, the numeral 105 designates the second light
source, the numeral 116 designates the drive circuit, the
numeral 106 designates a third light source, the numeral 117
designates a drive circuit, the numeral 118 designates a fre-
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quency divider, the numeral 119 designates a 180°-phase
shifter, the numeral 120 designates a coupler, the numeral 111
designates a living body test region, the numeral 121 desig-
nates an ultrasonic detector, the numeral 122 designates a
filter, the numeral 123 designates a synchronous detection
amplifier, and the numeral 124 designates a photoacoustic
signal output terminal. The oscillator 103, the drive circuit
102, and the first light source 101 constitute a first irradiation
unit which is of the light outgoing means. The oscillator 103,
the 180°-phase shifter 119, the drive circuit 116, and the
second light source 105 constitute a second irradiation unit
which is of the light outgoing means. The oscillator 100, the
drive circuit 117, and the third light source 106 constitute a
third irradiation unit which is of the second light outgoing
means. The ultrasonic detector 121 and the filter 122 consti-
tute the acoustic wave detection means.

[0895] InFIG. 14, the oscillator 103 oscillates at a constant
frequency to determine the frequency in which the first light
source 101 and the second light source 105 are intensity
modulated. The oscillator 100 is an oscillator which oscillates
intermittently, and the oscillator 100 determines a period
during which the third light source 106 is intensity-modu-
lated. The oscillator 100 may oscillate at a constant fre-
quency, or the oscillator 100 may oscillate at random times.
The oscillator 100 may intermittently oscillate at intervals
longer than the repetition intervals of the constant frequency
of the oscillator 103. As a result, the third light source 106 is
configured to be intensity modulated at light emission repeti-
tion intervals longer than those of the first light source 101
and the second light source 105, and the third light source 106
is also configured to be intensity modulated to an extent in
which the photoacoustic signal is not generated.

[0896] The first light source 101, the second light source
105, and the third light source 106 may be configured to be
intensity modulated by the same oscillator. For example, in
FIG. 15, the oscillator 103 oscillates at a constant frequency
to determine the frequency in which the first light source 101,
the second light source 105, and the third light source 106 are
intensity modulated. The frequency of the signal from the
oscillator 103 is divided by the frequency divider 118, which
allows the third light source 106 to oscillate periodically at
intervals longer than the repetition intervals of the constant
frequency in which the first light source 101 and the second
light source 105 are intensity modulated.

[0897] The function and action of FIG. 14 are similar to
those of FIG. 15 except for the determination of the oscilla-
tion frequency of'the third light source, so that the description
will be performed with reference to FIG. 14. In FIG. 14, the
signal from the oscillator 103 is inputted to the drive circuit
102, and the drive circuit 102 drives the first light source 101.
The signal from the oscillator 103 is inputted to the 180°-
phase shifter 119, and the signal is reversed. The reversed
signal is inputted to the drive circuit 116, and the drive circuit
116 drives the second light source 105. The first light source
101 and the second light source 105 are intensity-modulated
using the signals having the same modulation frequency and
reverse phases.

[0898] The first light source 101, the second light source
105, and the third light source 106 are driven to emit the
modulated light beams having predetermined wavelengths by
the drive circuit 102, the drive circuit 116, and the drive circuit
117 respectively. The coupler 120 multiplexes the light beam
from the first light source 101 and the light beam from the
second light source 105, and the living body test region 111
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which is of the test subject is irradiated with the multiplexed
light beam. When the configuration in which the light beam
from the third light source 106 is also multiplexed is formed,
the light can be focused on the living body test region 111, so
that the photoacoustic signal can efficiently be generated.
Multiplexing the light beam from the first light source 101,
the light beam from the second light source 105, and the light
beam from the third light source 106 can also be applied in the
first embodiment and the later-mentioned third embodiment,
fourth embodiment, fifth embodiment, and sixth embodiment
in addition to the second embodiment.

[0899] The ultrasonic detector 121 is placed in the surface
opposite to the surface irradiated with the multiplexed light
beam from the coupler 120 and the output light of the third
light source 106 with respect to the living body test region
111. The ultrasonic detector 121 receives the acoustic wave,
i.e., the photoacoustic signal generated in the living body test
region 111, the ultrasonic detector 121 converts the photoa-
coustic signal into the electric signal proportional to the
acoustic pressure, and the ultrasonic detector 121 outputs the
electric signal. The filter 122 passes the signal having the
same frequency as the oscillation frequency of the oscillator
103. The synchronous detection amplifier 123 performs the
synchronous detection of the signal inputted from the filter
122 using the synchronous signal inputted from the synchro-
nous signal input terminal, and the synchronous detection
amplifier 123 outputs the amplitude of the synchronous-de-
tected ultrasonic wave to the photoacoustic signal output
terminal 124. The synchronous detection amplification
enables the amplitude of the ultrasonic wave to be detected
from the photoacoustic signal with high sensitivity. The syn-
chronous detection amplification performed by the synchro-
nous detection amplifier 123 can also be applied in the first
embodiment and the later-mentioned third embodiment,
fourth embodiment, fifth embodiment, and sixth embodiment
in addition to the second embodiment.

[0900] At this point, it is defined that A, is the light wave-
length outputted from the first light source 101, A, is the light
wavelength outputted from the second light source 105, and
A5 1s the light wavelength outputted from the third light source
106. The absorption is generated only in the region having the
large blood density by irradiating the living body with the
light having the wavelength A, and the temperature rises by
the photothermal conversion. For example, the light having
the wavelength of about 800 nm is used in a photo CT method,
itis reported that the temperature is changed by about 0.1° C.
inside the living body, and it is known that the temperature
rise of about 0.1° C. is not harmful. The acoustic pressure P
generated by the intermittent light irradiation is expressed as
follows.

po e, [Formula 14]
2Cp
[0901] Where I is irradiation light intensity,  is a thermal

expansion coefficient, ¢ is sound velocity, and C,, is specific
heat. In the above parameters, only p and ¢ depends on the
temperature. Because the thermal expansion coefficient f is
changed 3% per 1° C., the photoacoustic signal is changed by
about 0.3% by the temperature change 0 0.1° C. according to
the formula (14). Because the photoacoustic signal is changed
by 0.017% by the change amount of 5 mg/dL of glucose, the
20-fold signal change is generated by the temperature change
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of 0.1° C. The temperature rise by the simultaneous irradia-
tion of the light having the wavelength A increases the pho-
toacoustic signal generated in the region where the blood
density is high.

[0902] The blood constituent computation method accord-
ing to the second embodiment will be described below with
reference to the following formula. When the absorption
coefficients o, ”, o1, to which the background water mainly
contributes and the molar absorption coefficients o, ®, ¢,
of the blood constituent are known each other for the wave-
lengths A, and A,, the concentration M is determined by
solving the formula (1) which is of the simultaneous equa-
tions including the photoacoustic signal measured value s,
and s, in the wavelengths.

[0903] Where C is a variable coefficient which is hardly
controlled or calculated, i.e., C is an unknown multiplier
depending on the acoustic coupling, the ultrasonic detector
sensitivity, the distance r between the irradiation portion and
the detection portion, the specific heat, the thermal expansion
coefficient, the sound velocity, the modulation frequency, and
the absorption coefficient. When C is deleted in the formula
(1), the formula (4) is obtained, and the concentration M can
be determined from the photoacoustic signal s and the already
known absorption coeflicient o.. However, in the formula (1),
it is assumed that the absorption coefficient a,®, o, to
which the background water mainly contributes are substan-
tially equal to each other for the wavelengths A, and A,. The
formula (1) also has the feature of's, =s,.

[0904] Inthe methodaccording to the second embodiment,
the blood portion differs from the tissue portion such as the
cuticle, the cell, and the fat in the acoustic generation amount
of the water, so that the formula (1) is rewritten as follows.

Cyla, P+Ma, ) +Ca, D=,

Col0®+Ma D)+ Ca®=s, [Formula 15]

[0905] Where C,, is an unknown coefficient in the blood and
C, 1s an unknown coefficient in the tissue such as the cuticle,
the cell, and the fat. The photoacoustic signal generated in the
region having the high blood density is amplified by the
temperature change caused by the simultaneous irradiation of
the light beam having the wavelength A,. When A is an
amplification rate, the formula (15) is rewritten as follows.

AC (o, P+ Mo, O+ Ca P=s,,

AC (0 P+ Mo, N+ C o P=s,, [Formula 16]

[0906] When a difference between the formula (16) and the
formula (15) is determined, the following formula (17) is
obtained.

(d-1(e,P+Ma, O)=s -5, =As,

(A-D){(0 D+ Mo, O)=s,,—s,=As, [Formula 17]

[0907] Therefore, the water photoacoustic signal is
removed from the tissue which is on the non-blood region.

[0908] At this point, when (A-1) is deleted in the formula
(17), the following formula is obtained.

(A1 - Asz)a(lb ) [Formula 18]

As, w(lo) —Asy w(20)
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-continued
o7 Asp - Ay,
Q/(IOD _ 11’(20’ ASZ

[0909] Similarly to the formula (4), the concentration M
can be determined from the difference acoustic signal As and
the already known absorption coefficient o.. However, in the
formula (18), it is assumed that the absorption coefficient
a,“,a,,® to which the background water mainly contributes
are substantially equal to each other for the wavelengths A,
and %.,. The formula (18) also has the feature of As,=As,.
[0910] Inthe second embodiment, not only the accuracy of
the constituent concentration computation is improved by the
separation of the blood constituent, but also the background
signal from the non-blood tissue can be removed. In the
non-blood tissue, the existence of glucose is so small that the
glucose can be omitted, and the percentage of the photoacous-
tic signal generation amount of total is large. Accordingly,
when as compared with the conventional technique, the
method of the second embodiment has the advantage that the
background in which the temperature change is expected in
the tissue has no influence on the measurement result.
[0911] FIG. 16 is a view showing a blood constituent com-
putation method according to the second embodiment. The
measuring procedure in the second embodiment will be
described in detail with reference to FIG. 15. The first light
source 101 is intensity-modulated by the oscillator 103
through the drive circuit 102, and the first light source 101
emits the light having an output waveform 194 with the wave-
length A, as shown in the upper part of FIG. 16. On the other
hand, the second light source 105 is intensity-modulated in
synchronization with the first light source 101. The second
light source 105 is modulated into the reverse phase with
respect to the first light source 101 by the 180°-phase shifter
119, and thereby the second light source 105 emits the light
having an output waveform 195 with the wavelength A, as
shown in the intermediate portion of FIG. 16. The third light
source 106 is intensity-modulated in the frequency in which
the oscillation frequency of the oscillator 103 is divided by
the frequency divider 118, and the third light source 106 is
intensity-modulated in synchronization with the oscillator
103. The third light source 106 emits the light having an
output waveform 196 with the wavelength A5 as shown in the
lower part of FIG. 16.

[0912] FIG. 17 is a view showing the photoacoustic signal
measured by the second embodiment. The photoacoustic sig-
nal measured in the second embodiment will be described
with reference to FIG. 15. The two light beams having the
mutually different wavelengths are multiplexed by the cou-
pler 120, and the living body test region 111 is irradiated with
the multiplexed light. At this point, it is assumed that each of
the light beams independently generates the acoustic wave.
This is because the linear superposition of the acoustic waves
is already secured by the linearity of the Helmholtz equation.
Accordingly, an photoacoustic signal 197 is generated by the
first light source (wavelength A, ) as shown in the first stage of
FIG. 17 and an photoacoustic signal 198 is generated by the
second light source (wavelength A,) as shown in the second
stage of FIG. 17. Further, a temperature change 199 is gen-
erated by the third light source (wavelength ) as shown in
the third stage of FIG. 17. Therefore, the photoacoustic signal
is detected as acoustic pressure by the ultrasonic detector 121,
and the photoacoustic signal passes through the filter 122. A

45
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summation 200 of the photoacoustic signal receives the
modulation shown in the fourth stage of FIG. 17.

[0913] As,:208 is obtained from the difference between a
first peak value and a second peak value in the summation 200
of the detected photoacoustic signal. As,:209 is obtained from
the difference between a first valley value and a second valley
value in the summation 200 of the detected photoacoustic
signal, and the constituent concentration M can be computed
from the formula (17). Alternately, because the signal ampli-
tude in the temperature rise corresponds to As;—As, and the
signal amplitude in the temperature fall corresponds to s, -s,,
As;-As, can be obtained by taking the difference between the
signal amplitude in the temperature rise and the signal ampli-
tude in the temperature fall. Alternately, thereis also a method
of measuring the photoacoustic signal under the irradiation
having the wavelength A, or A, in order to obtain the signals
As, and As,. In this case, the output of the second light source
105 is set to zero while the waveform of the first light source
101 is maintained.

This can be realized by blocking the light outputted from the
first light source 101 or second light source 105 with a
mechanical shutter before the input to the coupler 120 or by
decreasing the output of the drive circuit 102 or drive circuit
116 below the oscillation threshold of the first light source
101 or second light source 105.

[0914] As described above, the third light source having the
wavelength in which the hemoglobin of the blood constituent
existing only in the blood exhibits the characteristic absorp-
tion with respect to the first light source and the second light
source is added to perform the measurement using the modu-
lation frequency in which the photoacoustic signal is not
generated. Therefore, the temperature rise is generated in the
region where the blood density is high by the blood absorp-
tion, and the photoacoustic signal generated from the change
in sound velocity is increased. As a result, the change in
photoacoustic signal corresponds to the temperature change
of the blood, and the photoacoustic signal generated in the
blood region can be increased. Accordingly, the temperature
change can separately be generated only in the blood region
without directly imparting the pressure to the living body, so
that the blood region can efficiently be determined. The sec-
ond embodiment is a technique of being able to reproducing
the separation of the blood region and the non-blood region in
the noninvasive manner.

[0915] Although the living body blood constituent concen-
tration measuring apparatus and living body control method
of blood constituent concentration measuring apparatus are
described in the second embodiment, the second embodiment
can also applied to the liquid instead of the living body. That
is, the blood constituent concentration measuring apparatus
and control method of blood constituent concentration mea-
suring apparatus according to the second embodiment can
also berealized for the measuring objects other than the living
body. In this case, when the two wavelengths having the same
absorption coefficient for the liquid and the different absorp-
tion coefficients for the object material are used, the constitu-
ent in the liquid can be detected without interruption of the
absorption of the liquid. In the above embodiment and
examples, fruit is placed instead of the living body test region,
the liquid constituent concentration measuring apparatus and
the control method of liquid constituent concentration mea-
suring apparatus function as the fruit sugar content meter.
This is because the sucrose and fruit sugar, which are of the
sugar constituent of the fruit, has the absorption in the wave-
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length similar to the glucose which is of the blood sugar
constituent. Thus, the measuring apparatus and measuring
apparatus controlling method according to the first embodi-
ment could clearly be applied to various objects without
departing from the spirit of the first embodiment.

EXAMPLES

[0916] Specific examples in the second embodiment will be
described below.

First Example

[0917] FIG. 18 shows configurations of the blood constitu-
ent concentration measuring apparatus and control method of
blood constituent concentration measuring apparatus accord-
ing to the first example. In FIG. 18, the numeral 523 desig-
nates a first semiconductor light source, the numeral 524
designates a drive current source, the numeral 525 designates
an oscillator, the numeral 526 designates a lens, the numeral
527 designates a second semiconductor light source, the
numeral 528 designates a drive current source, the numeral
529 designates a 180°-phase shifter, the numeral 530 desig-
nates a lens, the numeral 531 designates a coupler, the
numeral 532 designates a third semiconductor light source,
the numeral 533 designates a drive current source, the
numeral 534 designates a frequency divider, the numeral 535
designates a lens, the numeral 536 designates a coupler, the
numeral 537 designates a living body test region, the numeral
516 designates an acoustic lens, the numeral 517 designates
an acoustic matching device, the numeral 518 designates an
ultrasonic detector, the numeral 519 designates a high pass
filter, the numeral 520 designates a synchronous detection
amplifier, the numeral 521 designates a photoacoustic signal
output terminal, and the numeral 522 designates a tempera-
ture measurement device.

[0918] InFIG. 18, the oscillator 525 oscillates at a constant
frequency to determine the frequency in which the first semi-
conductor light source 523 and the second semiconductor
light source 527 are intensity modulated. The frequency of the
signal from the oscillator 525 is divided by the frequency
divider 534, and thereby the third semiconductor light source
532 periodically oscillates at intervals longer than the repeti-
tion interval of the constant frequencies in which the first
semiconductor light source 523 and the second semiconduc-
tor light source 527 are intensity modulated.

[0919] The signal from the oscillator 525 is inputted to the
drive current source 524, and the drive current source 524
drives the first semiconductor light source 523. The signal
from the oscillator 525 is inputted to the 180°-phase shifter
529, and the signal is reversed.

The reversed signal is inputted to the drive current source 528,
and the drive current source 528 drives the second semicon-
ductor light source 527. The first semiconductor light source
523 and the second semiconductor light source 527 are inten-
sity-modulated using the signals having the same modulation
frequency and reverse phases.

[0920] The first semiconductorlight source 523, the second
semiconductor light source 527, the third semiconductor light
source 532 are driven by the drive current source 524, the
drive current source 528, and the drive current source 533
respectively. The first semiconductor light source 523, the
second semiconductor light source 527, the third semicon-
ductor light source 532 output the modulated light beams
having the predetermined wavelengths respectively. The light
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from the first semiconductor light source 523 is converted
into the beam by the lens 526, the light from the second
semiconductor light source 527 is converted into the beam by
the lens 530, and the beams are multiplexed into one beam by
the coupler 531. The light from the third semiconductor light
source 532 is converted into the beam by the lens 535, and the
coupler 536 further multiplexes the beam and the beam from
the coupler 531. The living body test region 537, which is of
the test subject, is irradiated with multiplexed beam. As
described above, multiplexing the light beam from the first
light source 523, the light beam from the second light source
527, and the light beam from the third semiconductor light
source 532 can also be applied in the firstembodiment and the
later-mentioned third embodiment, fourth embodiment, fifth
embodiment, and sixth embodiment in addition to the first
example.

[0921] The temperature measurement device 522 is placed
near the living body test region 537 irradiated with the output
light of the coupler 536, the temperature change of the living
body test region 537 generated by the light of the third semi-
conductor light source 532 is detected, the output of the
temperature measurement device 522 is inputted to a control
terminal of the drive current source 533, and drive current of
the drive current source 533 is adjusted such that the tempera-
ture change of the living body test region 537 becomes the
desired value.

[0922] Theacoustic lens 516, the acoustic matching device
517, and the ultrasonic detector 518 are placed while coming
into contact with the surface opposite to the surface of the
living body test region 537 irradiated with the light beam
from the coupler 536. The acoustic lens 516 focuses the
acoustic wave, i.e., the photoacoustic signal generated in the
living body test region 537, and the acoustic lens 516 effi-
ciently transmits the photoacoustic signal to the ultrasonic
detector 518 through the acoustic matching device 517. The
acoustic matching device 517 enhances the transmission effi-
ciency between the acoustic lens 516 and the ultrasonic detec-
tor 518. The ultrasonic detector 518 receives the photoacous-
tic signal generated in the living body test region 537, and the
ultrasonic detector 518 converts the photoacoustic signal into
the electric signal proportional to the acoustic pressure to
output the electric signal. The high pass filter 519 passes the
signal having the same frequency as the oscillation frequency
of the oscillator 525. The synchronous detection amplifier
520 performs the synchronous detection ofthe signal inputted
from the high pass filter 519 using the synchronous signal
inputted from the synchronous signal input terminal, and the
synchronous detection amplifier 520 outputs the amplitude of
the synchronous-detected photoacoustic signal to the photoa-
coustic signal output terminal 521.

[0923] In the above configuration, the wavelength of the
first semiconductor light source 523 is set at 1380 nm, the
wavelength of the second semiconductor light source 527 is
setat 1608 nm, and the wavelength of the third semiconductor
light source 532 is set at 800 nm. The first semiconductor light
source 523 and the second semiconductor light source 527 are
intensity-modulated in the modulation frequency of 200 kHz.
The temperature rise is 2° C. or less which is not harmful to
the human body. Accordingly, the maximum allowable tem-
perature is 39° C. when the initial temperature is set at 37° C.
For example, in consideration of a thermal diffusion coeffi-
cient of the living body, in order to generate the temperature
modulation in the range of 0.1 to 0.2° C. in the living body, a
frequency dividing rate of the frequency divider is set such



US 2013/0118262 Al

that the modulation frequency of the third semiconductor
light source 532 is set to 100 Hz or less. Because the modu-
lation frequency which generates the desired temperature
change depends on the wavelength and the beam diameter of
the light source, it is necessary that the adjustments including
the light source output are performed while a temperature
measurement device and the photoacoustic signal intensity
are observed. However, in order to shorten the measurement
time to the minimum, it is effective that the output light of the
third semiconductor light source 532 is coaxial with the out-
put light beams of the first semiconductor light source 523
and second semiconductor light source 527 to select and
adjust the lens 535 such that the beam diameters are equal to
one another. In consideration of the above conditions, the
light source output is set at 5 mW. The lens 526, the lens 530,
and the lens 535 are adjusted to set the beam diameters at 3
mm respectively. Equalizing the beam diameters of the first
semiconductor light source 523 and second semiconductor
light source 527 can also be applied in the first embodiment
and the later-mentioned third embodiment, fourth embodi-
ment, fifth embodiment, and sixth embodiment in addition to
the second embodiment.

[0924] The photoacoustic signal from the living body,
which is generated by irradiating the living body test region
537 with the light reaches the ultrasonic detector 518 through
the acoustic lens 516 and the acoustic matching device 517.
The acoustic lens 516, which focuses the ultrasonic wave into
a central portion of the ultrasonic detector 518, is made of a
material having the acoustic impedance close to the living
body. For example, the acoustic lens 516 is made of silicone.
The acoustic matching device 517 is made of the material
having the acoustic impedance which is substantially located
at the midpoint between the acoustic impedances of the
acoustic lens 516 and ultrasonic detector 518. For example,
the acoustic matching device 517 is made of acryl. The ultra-
sonic detector 518 is a piezoelectric device or a capacitor
microphone which is designed to have a natural frequency
similar to the modulation frequencies of the first semiconduc-
tor light source 523 and the second semiconductor light
source 527. The photoacoustic signal is converted into the
electric signal by the ultrasonic detector 518, and the ampli-
tude of the ultrasonic wave is detected by the synchronous
detection amplifier 520.

[0925] When the first semiconductor light source 523 is
blocked, namely, in the case of only the second semiconduc-
tor light source 527, the output level of the synchronous
detection amplifier 520 is about 20 V. When the first semi-
conductor light source 523 and the second semiconductor
light source 527 simultaneously emit the light beams while
the third semiconductor light source 532 is blocked, the out-
put level of the synchronous detection amplifier 520 is about
5 nV. Further, the third semiconductor light source 532 is
added, and the signal is detected while the temperature modu-
lation is performed. The output level of the synchronous
detection amplifier 5201s 5.37 nV in the temperature rise. The
output level of the synchronous detection amplifier 520 is
5.33 nV in the temperature fall.

[0926] As,-As, in the formula (18) becomes 42.1 pV from
the difference between the output levels. As, of 60.3 nV is
determined by reading the difference between the valley
value in the temperature rise and the valley value in the
temperature fall using, e.g., an oscilloscope. Thus, the glu-
cose concentration M of 3 mM (50 mg/dL) is determined
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from the formula (18) using the already known specific absor-
bance value 0.114 M~* in 1608 nn.

[0927] The blood constituent concentration measurement
described in the first example is the forward propagation type
in which the photoacoustic signal is measured in the surface
opposite to the surface irradiated with the light with respect to
the living body test region 537. On the other hand, the rear-
ward propagation type in which the photoacoustic signal is
measured in the same surface as the surface irradiated with
the light with respect to the living body test region 537 can
also be configured, and the operation of the rearward propa-
gation type is similar to the frontward propagation type.
[0928] Although the living body blood constituent concen-
tration measuring apparatus and living body control method
of blood constituent concentration measuring apparatus are
described in the first example, the first example can also
applied to the liquid instead of the living body. That is, the
blood constituent concentration measuring apparatus and
control method of blood constituent concentration measuring
apparatus according to the first example can also be realized
for the measuring objects other than the living body. In this
case, when the two wavelengths having the same absorption
coefficient for the solvent and the different absorption coef-
ficients for the constituent in the liquid are used, the constitu-
ent in the liquid can be detected without interruption of the
absorption of the solvent.

Second Example

[0929] FIG. 19 shows a second example in which the inven-
tions of blood constituent concentration measuring apparatus
and the control method of blood constituent concentration
measuring apparatus according to the second embodiment is
used for liquid constituent analysis. Liquid foods and bever-
ages to which sugars are added can be cited as an example of
the liquid sample. In FIG. 19, the numeral 701 designates a
first semiconductor light source, the numeral 702 designates
a drive current source, the numeral 703 designates an oscil-
lator, the numeral 704 designates a lens, the numeral 705
designates a second semiconductor light source, the numeral
706 designates a drive current source, the numeral 707 des-
ignates a 180°-phase shifter, the numeral 708 designates a
lens, the numeral 709 designates a coupler, the numeral 710
designates a third semiconductor light source, the numeral
711 designates a drive current source, the numeral 712 des-
ignates a frequency divider, the numeral 713 designates a
lens, the numeral 714 designates a coupler, the numeral 715
designates a liquid sample, the numeral 716 designates a
sample cell, the numeral 717 designates an acoustic matching
device, the numeral 718 designates an ultrasonic detector, the
numeral 719 designates a high pass filter, the numeral 720
designates a synchronous detection amplifier, the numeral
721 designates a photoacoustic signal output terminal, and
the numeral 722 designates a temperature measurement
device.

[0930] For the purpose of avoidance of overlap, the com-
ponents in the second example different from the first
example of the blood constituent concentration measuring
apparatus and control method of blood constituent concen-
tration measuring apparatus shown in FIG. 18 will be mainly
described.

[0931] The liquid sample 715 is irradiated with the light
multiplexed by the coupler 714. The temperature measure-
ment device 722 is placed in the sample cell 716 near the
region irradiated with the output light of the coupler 714, and
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the output terminal of the temperature measurement device
722 is connected to the control terminal of the drive current
source 711 through the signal line. The temperature measure-
ment device 722 has the function of measuring the tempera-
ture of the liquid sample 715 to output the measurement result
to the output terminal in the form of the electric signal.
[0932] The acoustic matching device 717 is placed while
coming into contact with the surface opposite to the surface of
the sample cell 716 irradiated with the output light of the
coupler 714. The ultrasonic detector 718 is placed through the
acoustic matching device 717. The acoustic matching device
717 has the function of enhancing the photoacoustic signal
transmission efficiency between the sample cell 716 and the
ultrasonic detector 718.

[0933] In the second example, the measuring object is a
sugar concentration contained in a food solutionin which a fat
content and water are mixed together. Because the sugar
concentration contained only in the fat content of the mixed
solution in which the fat content and water are mixed, in FIG.
19, the wavelength of the first semiconductor light source 701
is set at 1380 nm, the wavelength of the second semiconduc-
tor light source 705 is set at 1608 nm, and the wavelength of
the third semiconductor light source 710 is set at 1710 nm in
which the fat content exhibits the remarkable absorption.
[0934] Themodulation frequencies of'the first semiconduc-
tor light source 701 and the second semiconductor light
source 705 are set at 200 kHz. In consideration of a thermal
diffusion coefficient of liquid, the frequency dividing rate of
the frequency divider 712 is set such that the temperature
modulation is generated in the range of 0.1 to 0.2° C. in the
liquid, and the modulation frequency of the third semicon-
ductor light source 710 is set to 100 Hz or less. Actually,
because the modulation frequency which generates the
desired temperature change depends on the wavelength and
the beam diameter of the light source, the adjustments includ-
ing the light source output is performed while the temperature
measured by the temperature measurement device 722 and
the photoacoustic signal intensity are observed.

[0935] Inorder to shorten the measurement time, itis effec-
tive that the output light of the third semiconductor light
source 710 is coaxial with the output light beams of the first
semiconductor light source 701 and the second semiconduc-
tor light source 705 to select and adjust the lens 713 such that
the beam diameters are equal to one another.

[0936] 1In consideration of the above conditions, the light
source outputs of the first semiconductor light source 701, the
second semiconductor light source 705, and the third semi-
conductor light source 710 are set at 12 mW. The lens 704, the
lens 708, and the lens 713 are adjusted to set the beam diam-
eters of the first semiconductor light source 701, the second
semiconductor light source 705, and the third semiconductor
light source 710 at 4 mm respectively.

[0937] When the liquid sample 715 is irradiated with the
irradiation light beams from the first semiconductor light
source 701, the second semiconductor light source 705, and
the third semiconductor light source 710, the acoustic wave,
i.e., the photoacoustic signal generated in the liquid sample
715 reaches the ultrasonic detector 718 through the sample
cell 716 and the acoustic matching device 717. The acoustic
matching device 717 is made of the material such as alumi-
num having the acoustic impedance which is substantially
located at the midpoint between the acoustic impedances of
the sample cell 716 such as glass and the ultrasonic detector
718 such as ceramic.
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[0938] An acoustic matching agent is applied between the
sample cell 716 and the acoustic matching device 717 and
between the acoustic matching device 717 and the ultrasonic
detector 718 to reduce the influence of the reflection due to the
existence of an air layer. The ultrasonic detector 718 is the
piezoelectric device or capacitor microphone which is
designed to have the natural frequency similar to the modu-
lation frequencies of the first semiconductor light source 701
and the second semiconductor light source 705. The photoa-
coustic signal is converted into the electric signal by the
ultrasonic detector 718, and the electric signal passes through
the high pass filter 719. At this point, the blocking frequency
and the time constant are set such that the electric signal is not
attenuated near 200 kHz, but attenuated in 1 kHz by 20 dB or
more.

[0939] The electric signal outputted from the high pass
filter 719 is detected by the synchronous detection amplifier
720. When the output of the first semiconductor light source
701 is blocked, namely, in the case of only the second semi-
conductor light source 705, the output of the synchronous
detection amplifier 720 is about 120 pV. When the first semi-
conductor light source 701 and the second semiconductor
light source 705 simultaneously emit the light beams while
the output of the third semiconductor light source 710 is
blocked, the obtained output of the synchronous detection
amplifier 720 is about 12 nVp-p. Further, the third semicon-
ductor light source 710 is added, and the temperature modu-
lation is performed. The output of the synchronous detection
amplifier 720 is 4.33 uVp-p in the temperature rise. The
output of the synchronous detection amplifier 720 is 4.36
uVp-p in the temperature fall. In the formula (18), As;-As,
becomes 30 nV from the difference between the outputs.
[0940] In the second example, As, of 5.4 pV is determined
by reading the difference between the valley value in the
temperature rise and the valley value in the temperature fall
using, e.g., the oscilloscope.

[0941] As a result, the glucose concentration M of 45 mM
(750 mg/dL) is determined from the formula (18) using the
already known specific absorbance value 0.114 M~ in the
wavelength of 1608 nm.

[0942] The blood constituent concentration measurement
described in the second example is the forward propagation
type in which the photoacoustic signal is measured in the
surface opposite to the light irradiation surface with respect to
the liquid sample 715. On the other hand, the rearward propa-
gation type in which the photoacoustic signal is measured in
the same surface as the surface irradiated with the light with
respect to the liquid sample 715 can also be configured, and
the operation of the rearward propagation type is similar to
the frontward propagation type.

[0943] In the above configuration of the invention in the
embodiment and examples, the fruit is placed instead of the
liquid sample, the liquid constituent concentration measuring
apparatus functions as the fruit sugar content meter. This is
because the sucrose and the fruit sugar, which are of the sugar
constituent of the fruit, has the absorption in the wavelength
similar to the glucose which is of the blood sugar constituent.

Third Embodiment

[0944] A blood constituent concentration measuring appa-
ratus of a third embodiment is a blood constituent concentra-
tion measuring apparatus including light generating means
for generating light; frequency sweep means for sweeping a
modulation frequency, the light generated by the light gener-
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ating means being modulated in the modulation frequency;
light modulation means for electrically intensity-modulating
the light using a signal from the frequency sweep means, the
light being generated by the light generating means; light
outgoing means for outputting the intensity-modulated light
toward the living body; acoustic wave detection means for
detecting an acoustic wave which is generated in the living
body by the outputted light; and integration means for inte-
grating the acoustic wave in a swept modulation frequency
range, the acoustic wave being detected by the acoustic wave
detection means.

[0945] The blood constituent concentration measuring
apparatus according to the third embodiment will be
described with reference to FIG. 20. A configuration example
of the blood constituent concentration measuring apparatus
of the third embodiment shown in FIG. 20 includes a light
source 112 which is of the light generating means, a lens 99
which is of the light outgoing means, a drive circuit 104 and
an oscillator 103 which are of the modulation means, a con-
trol circuit 125 which is of the frequency sweep means, an
acoustic coupler 126, an ultrasonic detector 127, and a phase
sensitive amplifier 128 which are of the acoustic wave detec-
tion means, and a computing device 129 which is of the
integration means.

[0946] The oscillator 103 is connected to the drive circuit
104, the phase sensitive amplifier 128, and the control circuit
125 through the signal lines. The oscillator 103 transmits the
oscillation signal to the drive circuit 104 and the phase sen-
sitive amplifier 128 respectively, and the oscillator 103
receives the signal which controls the sweep of the oscillation
frequency from the control circuit 125.

[0947] The drive circuit 104 receives the signal transmitted
from the oscillator 103. The drive circuit 104 supplies the
drive electric power to the light source 112, connected to the
drive circuit 104 through the signal line, to cause the light
source 112 to emit the light. The drive circuit 104 intensity-
modulates the light outputted from the light source 112 in
synchronization with the oscillation frequency of the oscilla-
tor 103. The light wavelength outputted from the light source
112 is set at the wavelength in which the blood constituent of
the measuring object in the living body exhibits the absorp-
tion.

[0948] The light emitted from the light source 112 passes
through the lens 99, a predetermined position of the living
body test region 110 is irradiated with the light, and the
photoacoustic signal is generated in the living body test
region 110.

[0949] The ultrasonic detector 127 detects the acoustic
wave generated in the living body test region 110 through the
acoustic coupler 126, the ultrasonic detector 127 converts the
acoustic wave into the electric signal proportional to the mag-
nitude of the detected acoustic wave, and the ultrasonic detec-
tor 127 transmits the electric signal to the phase sensitive
amplifier 128 connected to the ultrasonic detector 127
through the signal line. At this point, one of surfaces of the
acoustic coupler 126 is in contact with the living body test
region 110, and the other surface is in contact with the ultra-
sonic detector 127, and thereby the acoustic coupler 126 has
the function of efficiently transmitting the photoacoustic sig-
nal generated in the living body test region 110 to the ultra-
sonic detector 127.

[0950] Thephase sensitive amplifier 128 receives the signal
transmitted from the oscillator 103 to form the synchronous
signal for the synchronous detection, and the phase sensitive

May 16, 2013

amplifier 128 receives the electric signal proportional to the
magnitude of the photoacoustic signal transmitted from the
ultrasonic detector 127. The phase sensitive amplifier 128
performs the synchronous detection, the amplification, and
the filtering to the electric signal, and the phase sensitive
amplifier 128 transmits the electric signal to the computing
device 129 connected to the phase sensitive amplifier 128
through the signal line.

[0951] Thecomputing device 129 receives the signal trans-
mitted from the phase sensitive amplifier 128, and the com-
puting device 129 integrates the received signal in the oscil-
lation frequency range which is received from the control
circuit 125 and swept by the oscillator 103. Then, from the
detection result of the integrated photoacoustic signal, the
computing device 129 selects the detection value in the reso-
nance frequency in which the detection sensitivity of the
ultrasonic detector 127 is increased, and the computing
device 129 integrates the selected value. At this point, the
blood constituent concentration of the measuring object can
be computed from the integrated detection value using the
computing device 129 or an external device (not shown).
[0952] Thecomputing device 129 receives the signal trans-
mitted from the phase sensitive amplifier 128, the computing
device 129 transmits the received signal and the control signal
to the control circuit 125 connected to the computing device
129 through the signal line. The control signal controls the
oscillator 103 from the oscillation frequency which is swept
by the oscillator 103 and received from control circuit 125
such that the oscillation frequency of the oscillator 103, i.e.,
the sweep range of the modulation frequency includes the
range of the change in resonance frequency of the ultrasonic
detector 127.

[0953] Inanexample of the sensitivity characteristics of the
ultrasonic detector shown in FIG. 21, for example, the com-
puting device 129 may transmit the signal for controlling the
sweep of the oscillation frequency of the oscillator 103 to the
control circuit 125 such that the modulation frequency of the
light source 112 is swept in the range broader than the fre-
quency of a half-value width of the resonance characteristics.
The computing device 129 may also transmit the signal for
controlling the sweep of the oscillation frequency of the oscil-
lator 103 to the control circuit 125 such that the modulation
frequency of the light source 112 is swept in the frequency
range of a fraction of the peak value of the resonance charac-
teristics, e.g., a half of the peak value. The control circuit 125
controls the oscillation frequency of the oscillator 103
according to the control signal transmitted from the comput-
ing device 129.

[0954] As described above, in the blood constituent con-
centration measuring apparatus of the third embodiment,
even if the resonance characteristics of the ultrasonic detector
127 is changed, the modulation frequency of the light with
which the living body is irradiated is swept to detect the
photoacoustic signal in the living body. Therefore, the value,
which is detected with high sensitivity in association with the
resonance frequency of the ultrasonic detector 127, is
selected from the detection values of the photoacoustic sig-
nal, and the value is integrated, which allows the blood con-
stituent concentration to be correctly measured.

[0955] A control method of blood constituent concentra-
tion measuring apparatus of the third embodiment is a control
method of blood constituent concentration measuring appa-
ratus sequentially including a light generating procedure in
which light generating means generates light; a frequency
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sweep procedure in which frequency sweep means sweeps a
modulation frequency, the light generated in the light gener-
ating procedure being modulated in the modulation fre-
quency; a light modulation procedure in which light modu-
lation means electrically intensity-modulates the light using a
signal swept in the frequency sweep procedure, the light
being generated in the light generating procedure; a light
outgoing procedure in which light outgoing means outputs
the light toward living body; the light being intensity-modu-
lated in the light modulation procedure; an acoustic wave
detection procedure in which acoustic wave detection means
detects an acoustic wave, i.e., an photoacoustic signal which
is generated in the living body by the light outputted in the
light outgoing procedure; and an integration procedure in
which integration means integrates the acoustic wave in a
swept modulation frequency range, the acoustic wave being
detected in the acoustic wave detection procedure.

[0956] In the control method of blood constituent concen-
tration measuring apparatus of the third embodiment, the
control circuit 125 shown in FIG. 20 controls the frequency,
the output of the oscillator 103 which is swept in the oscilla-
tion frequency is transmitted to the drive circuit 104, the drive
circuit 104 which receives the swept frequency drives the
light source 112 including, e.g., the semiconductor laser to
cause to generate the light, and the light is intensity-modu-
lated. In this case, the light source 112 generates the light, and
the generated light can be intensity-modulated by the swept
frequency. At this point, the light wavelength generated by the
light source 112 is set at the wavelength in which the blood
constituent of the measuring object exhibits the absorption.
[0957] As described above, the living body is irradiated
with the intensity-modulated light, the photoacoustic signal
generated in the living body by the intensity-modulated light
is detected by the ultrasonic detector 127 through the acoustic
coupler 126 shown in FIG. 20, the photoacoustic signal is
converted into the electric signal proportional to the magni-
tude of the photoacoustic signal, the synchronous detection,
the amplification, and the filtering are performed to the elec-
tric signal by the phase sensitive amplifier 128, the electric
signals are integrated for a predetermined time and averaged,
and the electric signal is transmitted to the computing device
129.

[0958] As described above, the detected photoacoustic sig-
nals are integrated as the electric signals proportional to the
pressure in the modulation frequency range which is swept by
the computing device 129 shown in FIG. 20, the detection
value or frequency in the resonance frequency where the
detection sensitivity is increased is selected from the inte-
grated electric signals proportional to the magnitude of the
photoacoustic signal, and the integration is performed in the
selected frequency range to compute the blood constituent
concentration.

[0959] According to the above method, even if the reso-
nance frequency of the ultrasonic detector 127, which detects
the photoacoustic signal in the living body, is changed, the
detection values of the photoacoustic signals can be selected
and integrated in the frequency corresponding to the reso-
nance frequency of the ultrasonic detector 127 to compute the
blood constituent concentration. Therefore, the blood con-
stituent concentration can correctly be measured.

[0960] A blood constituent concentration measuring appa-
ratus of the third embodiment is a blood constituent concen-
tration measuring apparatus including light generating means
for generating two light beams having different wavelengths;
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frequency sweep means for sweeping a modulation fre-
quency, the light generated by the light generating means
being modulated in the modulation frequency; light modula-
tion means for electrically intensity-modulating each of the
two light beams having the mutually different wavelengths
using signals having reverse phases where the signals are
swept in the frequency sweep means; light outgoing means
for multiplexing into one light flux to output the two intensity-
modulated light beams having the mutually different wave-
lengths toward a living body; acoustic wave detection means
for detecting an acoustic wave i.e., a photoacoustic signal
generated in the living body by the outputted light; and inte-
gration means for integrating the acoustic wave in a swept
modulation frequency range, the acoustic wave being
detected by the acoustic wave detection means.

[0961] In the blood constituent concentration measuring
apparatus of the third embodiment, the light generating
means can set one of the light wavelengths at the wavelength
in which the blood constituent exhibits the characteristic
absorption, and the light generating means can set the other
light wavelength at the wavelength in which the water exhib-
its the absorption similar to that in one of the light wave-
lengths.

[0962] A configuration of the blood constituent concentra-
tion measuring apparatus of the third embodiment will be
described with reference to FIG. 22. The blood constituent
concentration measuring apparatus of the third embodiment
includes a first light source 301 and a second light source 302
which are of the light generating means, a coupler 308 which
is of the light outgoing means an oscillator 298, a drive circuit
303, a drive circuit 297, and a 180°-phase shifter 299 which
are of the modulation means, a control circuit 300 which is of
the frequency sweep means, an acoustic coupler 327, an
ultrasonic detector 328, and a phase sensitive amplifier 329
which are of the acoustic wave detection means, and a com-
puting device 330 which is of the integration means.

[0963] The oscillator 298 is connected to the drive circuit
303, the 180°-phase shifter 299, the phase sensitive amplifier
329, and the control circuit 300 through the signal lines
respectively. The oscillator 298 transmits the oscillation sig-
nal to the drive circuit 303, the 180°-phase shifter 299, and the
phase sensitive amplifier 329 respectively, and the oscillator
298 receives the signal which controls the sweep of the oscil-
lation frequency from the control circuit 300.

[0964] The drive circuit 303 receives the signal transmitted
from the oscillator 298. The drive circuit 303 supplies the
drive electric power to the first light source 301, connected to
the drive circuit 303 through the signal line, to cause the first
light source 301 to emit the light. Then, the drive circuit 303
intensity-modulates the light outputted from the first light
source 301 in synchronization with the oscillation frequency
of the oscillator 298.

[0965] The 180°-phase shifter 299 receives the signal trans-
mitted from the oscillator 298, and the 180°-phase shifter 299
transmits the signal in which the 180°-phase change is
imparted to the received signal to the drive circuit 297 con-
nected to the 180°-phase shifter 299 through the signal line.
[0966] The drive circuit 297 receives the signal transmitted
from the 180°-phase shifter 299. The drive circuit 297 sup-
plies the drive electric power to the second light source 302,
connected to the drive circuit 297 through the signal line, to
cause the second light source 302 to emit the light. The drive
circuit 297 intensity-modulates the light outputted from the
second light source 302 in synchronization with the signal in
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which the 180°-phase change is imparted to the oscillation
frequency of the oscillator 298. Accordingly, the light beams
outputted from the first light source 301 and the second light
source 302 are modulated using the opposite-phase signals
each other.

[0967] For the wavelengths of the first light source 301 and
second light source 302 shown in FIG. 22, one of the light
wavelengths is set at the wavelength in which the blood
constituent set as the measuring object exhibits the character-
istic absorption, and the other light wavelength is set at the
wavelength in which the water exhibits the absorption similar
to that in one of the light wavelengths.

[0968] Thefirstlight source 301 and the second light source
302 emit the light beams having the different wavelengths as
described above, the light beams outputted from the first light
source 301 and second light source 302 are inputted to the
coupler 308 connected to the first light source 301 and the
second light source 302 by the light wave transmission means
respectively.

[0969] The light beam outputted from the first light source
301 and the light beam outputted from the second light source
302 are inputted to the coupler 308, and the light beams are
multiplexed into one light flux. Then, the predetermined posi-
tion of the living body test region 309 as the test subject is
irradiated with the light flux, and the acoustic wave, 1.e., the
photoacoustic signal is generated in the living body test
region 309.

[0970] Theultrasonic detector 328 detects the photoacous-
tic signal generated in the living body test region 309 through
the acoustic coupler 327, the ultrasonic detector 328 converts
the photoacoustic signal into the electric signal proportional
to the magnitude of the photoacoustic signal, and the ultra-
sonic detector 328 transmits the electric signal to the phase
sensitive amplifier 329 connected to the ultrasonic detector
328 through the signal line.

[0971] The wavelengths of the first light source 301 and the
second light source 302 are set at the light wavelengths in
which the difference in absorption exhibited by the blood
constituents set as the measuring object is larger than the
difference in absorption exhibited by the water. Alternatively,
the difference in absorption exhibited by the water may be set
to zero, and one of the light wavelengths may be set at the
wavelength in which the blood constituent set as the measur-
ing object exhibits the characteristic absorption, and the other
light wavelength may be set at the wavelength in which the
water exhibits the absorption similar to that in one ofthe light
wavelengths. It is desirable that the wavelengths of the first
light source 301 and the second light source 302 are set at the
wavelengths in which the difference in absorption exhibited
by the blood constituents set as the measuring object is larger
than the difference in absorption exhibited by other blood
constituents except for the blood constituents set as the mea-
suring object. Setting the wavelengths of the first light source
301 and the second light source 302 at the above values can
also be applied in the first embodiment, the second embodi-
ment, and the later-mentioned third embodiment, fourth
embodiment, fifth embodiment, and sixth embodiment in
addition to the third embodiment.

[0972] Because the light beams outputted from the first
light source 301 and the second light source 302 are modu-
lated in the reverse phases, the photoacoustic signal generated
in the living body test region 309 by the light beam in which
the light beams outputted from first light source 301 and the
second light source 302 are multiplexed is detected by the
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ultrasonic detector 328 as the difference in magnitude of the
photoacoustic signals. At the stage of the photoacoustic sig-
nal, the photoacoustic signal which is generated by the
absorptions of the water and the blood constituent set as the
measuring object for the multiplexed light with which the
living body testregion 309 is irradiated and the photoacoustic
signal which is generated only by the absorption of the water
are superposed to each other in the difference in magnitude of
the photoacoustic signals

[0973] One ofthe surfaces of the acoustic coupler 327 is in
contact with the living body test region 309, the other surface
1s in contact with the ultrasonic detector 328, and the acoustic
coupler 327 has the function of efficiently transmitting the
photoacoustic signal generated in the living body test region
309 to the ultrasonic detector 328.

[0974] Thephase sensitive amplifier 329 receives the signal
transmitted from the oscillator 298 to form the synchronous
signal for the synchronous detection, and the phase sensitive
amplifier 329 receives the electric signal proportional to the
magnitude of the photoacoustic signal transmitted from the
ultrasonic detector 328. The phase sensitive amplifier 329
performs the synchronous detection, the amplification, and
the filtering to the electric signal, and the phase sensitive
amplifier 329 transmits the electric signal to the computing
device 330 connected to the phase sensitive amplifier 329
through the signal line.

[0975] Thecomputing device 330 receives the signal trans-
mitted from the phase sensitive amplifier 329, and the com-
puting device 330 integrates the received signal in the oscil-
lation frequency range which is received from the control
circuit 300 and swept by the oscillator 298. Then, from the
detection result of the integrated photoacoustic signal, the
computing device 330 selects the detection value in the reso-
nance frequency in which the detection sensitivity of the
ultrasonic detector 328 is increased, and the computing
device 330 integrates the selected value and the blood con-
stituent concentration is computed. At this point, the blood
constituent concentration of the measuring object can be
computed from the integrated detection value using the com-
puting device 330 or an external device (not shown).

[0976] Thecomputing device 330 receives the signal trans-
mitted from the phase sensitive amplifier 329, the computing
device 330 transmits the control signal to the control circuit
300 connected to the computing device 330 through the signal
line. The control signal controls the oscillator 298 from the
received signal and the oscillation frequency which is swept
by the oscillator 298 and received from control circuit 300
such that the oscillation frequency of the oscillator 298, i.e.,
the sweep range of the modulation frequency includes the
range of the change in resonance frequency of the ultrasonic
detector 328.

[0977] Inanexample of the sensitivity characteristics of the
ultrasonic detector shown in FIG. 21, for example, the com-
puting device 330 may transmit the signal for controlling the
sweep of the oscillation frequency of the oscillator 298 to the
control circuit 300 such that the modulation frequencies of
the first light source 301 and the second light source 302 are
swept in the range broader than the frequency of a half-value
width of the resonance characteristics. The computing device
330 may also transmit the signal for controlling the sweep of
the oscillation frequency of the oscillator 298 to the control
circuit 300 such that the modulation frequencies of the first
light source 301 and the second light source 302 are swept in
the frequency range of a fraction of the peak value of the
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resonance characteristics, e.g., a half of the peak value. The
control circuit 300 controls the oscillation frequency of the
oscillator 298 according to the control signal transmitted
from the computing device 330.

[0978] As described above, in the blood constituent con-
centration measuring apparatus of the third embodiment, the
light outputted from the first light source 301 and the light
outputted from the second light source 302 are intensity-
modulated using the signals having the same frequency.
Therefore, in the third embodiment, there is no influence of
the unevenness of the frequency characteristics in the mea-
suring system, which becomes troublesome in the conven-
tional technique when the intensity modulation is performed
using the signals having the plural frequencies.

[0979] As described above, in the blood constituent con-
centration measuring apparatus of the third embodiment,
even if the resonance characteristics of the ultrasonic detector
328 is changed, the modulation frequency of the light with
which the living body is irradiated is swept to the photoacous-
tic signal in the living body. Therefore, the value, which is
detected with high sensitivity in association with the reso-
nance frequency of the ultrasonic detector 328, is selected
from the detection values ofthe photoacoustic signal, and the
value is integrated, which allows the blood constituent con-
centration to be correctly measured.

[0980] A control method of blood constituent concentra-
tion measuring apparatus of the third embodiment is a control
method of blood constituent concentration measuring appa-
ratus sequentially including a light generating procedure in
which light generating means generates two light beams hav-
ing different wavelengths; a frequency sweep procedure in
which the frequency sweep means sweeps a frequency, the
light generated in the light generating procedure being modu-
lated in the frequency; a light modulation procedure in which
light modulation means electrically intensity-modulates each
of the two light beams having the mutually different wave-
lengths using signals having the reverse phases, where the
signals are swept in the frequency sweep procedure; a light
outgoing procedure in which light outgoing means multi-
plexes into one light flux to output the two intensity-modu-
lated light beams having the mutually different wavelengths
toward the living body, which are intensity-modulated in the
light modulation procedure; an acoustic wave detection pro-
cedure in which acoustic wave detection means detects an
acoustic wave 1.e., a photoacoustic signal generated in the
living body by the light outputted in the light outgoing pro-
cedure; and an integration procedure in which integration
means integrates the acoustic wave in a swept modulation
frequency range, the acoustic wave being detected in the
acoustic wave detection procedure.

[0981] In the control method of blood constituent concen-
tration measuring apparatus of the third embodiment, the
control circuit 300 shown in FIG. 22 controls the frequency,
the output of the oscillator 298 which is swept in the oscilla-
tion frequency is transmitted to the drive circuit 297 through
the drive circuit 303 and 180°-phase shifter 299 respectively,
the drive circuit 303 and drive circuit 297 which receive the
swept frequency drive the first light source 301 and the second
light source 302 to cause to emit the light beams respectively,
and the light beams are intensity-modulated. In this case, the
first light source 301 and the second light source 302 emit the
light beams respectively, and the emitted light beams can be
intensity-modulated by the swept frequency.
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[0982] The wavelengths of the first light source 301 and the
second light source 302 are set at the two light wavelengths in
which the difference in absorption exhibited by the blood
constituents set as the measuring object is larger than the
difference in absorption exhibited by the water. Alternatively,
the difference in absorption exhibited by the water may be set
to zero, and one of the light wavelengths may be set at the
wavelength in which the blood constituent set as the measur-
ing object exhibits the characteristic absorption, and the other
light wavelength may be set at the wavelength in which the
water exhibits the absorption similar to that in one of the light
wavelengths. It is desirable that the wavelengths of the first
light source 301 and the second light source 302 are set at the
wavelengths in which the difference in absorption exhibited
by the blood constituents set as the measuring object is larger
than the difference in absorption exhibited by other blood
constituents except for the blood constituents set as the mea-
suring object. Setting the wavelengths of the first light source
301 and the second light source 302 at the above values can
also be applied in the first embodiment, the second embodi-
ment, and the later-mentioned fourth embodiment, fifth
embodiment, and sixth embodiment in addition to the third
embodiment.

[0983] The light beam outputted from the first light source
301 and the light beam outputted from the second light source
302 are inputted to the coupler 308, and the light beams are
multiplexed into one light flux. Then, the predetermined posi-
tion of the living body test region 309 is irradiated with the
light flux, and thereby the acoustic wave, i.e., the photoacous-
tic signal is generated in the living body test region 309.
[0984] As described above, the living body is irradiated
with the intensity-modulated light beam, and the photoacous-
tic signal generated in the living body by the intensity-modu-
lated light is detected by the ultrasonic detector 328 through
the acoustic coupler 327 shown in FIG. 22, and the photoa-
coustic signal is converted into the electric signal propor-
tional to the magnitude of the photoacoustic signal. Then, the
phase sensitive amplifier 329 performs the synchronous
detection, the amplification, and the filtering to the electric
signal, the electric signals are integrated and averaged for the
predetermined time, and the electric signal is transmitted to
the computing device 330.

[0985] As described above, the detected photoacoustic sig-
nal is integrated as the electric signal proportional to the
pressure in the frequency range which is swept by the com-
puting device 330 shown in FIG. 22, the detection value or
frequency in the resonance frequency in which the detection
sensitivity is increased is selected in the electric signals pro-
portional to the magnitude of the integrated photoacoustic
signal, the integration is performed in the selected range, and
the blood constituent concentration is computed.

[0986] According to the above method, even if the reso-
nance frequency of the ultrasonic detector 328, which detects
the photoacoustic signal in the living body, is changed, the
detection values of the photoacoustic signals can be selected
and integrated in the frequency corresponding to the reso-
nance frequency of the ultrasonic detector 328 to compute the
blood constituent concentration. Therefore, the blood con-
stituent concentration can correctly be measured.

[0987] A blood constituent concentration measuring appa-
ratus of the third embodiment is a blood constituent concen-
tration measuring apparatus in which the acoustic wave
detection means tracks the modulation frequency to detect the
acoustic wave, 1.e., the photoacoustic signal generated the
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living body to be measured, the modulation frequency being
swept by the frequency sweep means, and the integration
means integrates the acoustic wave in the modulation fre-
quency range where the acoustic wave detection means has
high detection sensitivity, the photoacoustic signal being
detected by the acoustic wave detection means.

[0988] The configuration of the blood constituent concen-
tration measuring apparatus of the third embodiment is simi-
lar to that of the blood constituent concentration measuring
apparatus described with reference to FIGS. 20 and 22.
[0989] In the above blood constituent concentration mea-
suring apparatus described with reference to FIGS. 20 and 22,
ablood constituent concentration measuring apparatus of the
third embodiment is the case, in which the magnitude of the
photoacoustic signal detected by the ultrasonic detector 127
or the ultrasonic detector 328 according to the sweep of the
modulation frequency is tracked and monitored as the output
of the phase sensitive amplifier 128 or the phase sensitive
amplifier 329 by the computing device 129 or the computing
device 330, the modulation frequency in which the sensitivity
of the ultrasonic detector 127 or the ultrasonic detector 328 is
increased is searched, and the magnitude of the photoacoustic
signal detected in the range of the modulation frequency in
which the sensitivity of the ultrasonic detector 127 or the
ultrasonic detector 328 is increased is obtained and integrated
from the output of the phase sensitive amplifier 128 or the
phase sensitive amplifier 329.

[0990] As described above, in the blood constituent con-
centration measuring apparatus of the third embodiment, the
magnitude of the photoacoustic signal detected near the
modulation frequency in which the sensitivity of the ultra-
sonic detector 127 and the ultrasonic detector 328 becomes
the maximum is obtained and integrated from the output of
the phase sensitive amplifier 128 and phase sensitive ampli-
fier 329, and the blood constituent concentration can correctly
be measured.

[0991] A control method of blood constituent concentra-
tion measuring apparatus of the third embodiment is a con-
stituent concentration measuring apparatus controlling
method in which the acoustic wave detection procedure is a
procedure in which the modulation frequency is tracked to
detect the acoustic wave generated in the living body, the
modulation frequency being swept in the frequency sweep
procedure, and the integration procedure is a procedure in
which the acoustic wave is integrated in the modulation fre-
quency range where detection sensitivity of the photoacoustic
signal is high in the acoustic wave detection procedure, the
acoustic wave being detected in the photoacoustic signal
detection procedure.

[0992] In the above control method of blood constituent
concentration measuring apparatus, the control method of
blood constituent concentration measuring apparatus of the
third embodiment is the case in which, in the acoustic wave
detection procedure, for example, in the blood constituent
concentration measuring apparatus described with reference
to FIGS. 20 and 22, the ultrasonic detector 127 or the ultra-
sonic detector 328 detects the acoustic wave according to the
sweep of the modulation frequency, in the integration proce-
dure, the magnitude of the photoacoustic signal detected by
the ultrasonic detector 127 or the ultrasonic detector 328 is
tracked and monitored as the output of the phase sensitive
amplifier 128 or the phase sensitive amplifier 329 to search
the point of the modulation frequency in which the sensitivity
of the ultrasonic detector 127 or the ultrasonic detector 328 is
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increased by the computing device 129 or the computing
device 330, and the magnitude of the photoacoustic signal
detected in the modulation frequency range where the ultra-
sonic detector 127 or the ultrasonic detector 328 has the high
detection sensitivity is obtained and integrated from the out-
put of the phase sensitive amplifier 128 or the phase sensitive
amplifier 329.

[0993] As described above, in the control method of blood
constituent concentration measuring apparatus of the third
embodiment, the acoustic wave, i.e., the photoacoustic signal
generated in the living body by irradiating the living body
with the light signal in which the intensity modulation fre-
quency is swept, the modulation frequency corresponding to
the resonance frequency in which the sensitivity of the ultra-
sonic detector is increased is searched from the detected
value, and the photoacoustic signal is detected near the modu-
lation frequency corresponding to the resonance frequency in
which the sensitivity of the ultrasonic detector becomes the
maximum. Therefore, the control method of blood constitu-
ent concentration measuring apparatus of correctly measur-
ing the blood constituent can be provided.

[0994] A blood constituent concentration measuring appa-
ratus of the third embodiment is a blood constituent concen-
tration measuring apparatus further including blood constitu-
ent concentration computation means for computing the
blood constituent concentration in the living body from the
magnitude of the detected photoacoustic signal.

[0995] The configuration of the blood constituent concen-
tration measuring apparatus of the third embodiment is the
case in which, for example, similarly to the blood constituent
concentration measuring apparatus described with reference
to FIGS. 20 and 22, the computing device 129 or the comput-
ing device 330 has the function as the blood constituent
concentration computation means.

[0996] That is, the blood constituent concentration measur-
ing apparatus of the third embodiment is the case in which, in
the blood constituent concentration measuring apparatus
shown in FIGS. 20 and 22, the computing device 129 or the
computing device 330 has the function as the blood constitu-
ent concentration computation means for computing the
blood constituent concentration according to the predeter-
mined computation method after the signal received from the
phase sensitive amplifier 128 or the phase sensitive amplifier
329 is integrated and averaged.

[0997] As to the predetermined computation method, for
example, numerical data or a theoretical formula indicating
the relationship between the blood constituent amount of the
measuring object in the living body and the magnitude of the
photoacoustic signal generated by irradiating the living body
with the light having the wavelength in which the blood
constituent of the measuring object exhibits the absorption
may be used.

[0998] As described above, in the blood constituent con-
centration measuring apparatus of the third embodiment, the
blood constituent concentration can easily be measured by
including the blood constituent concentration computation
means.

[0999] A control method of blood constituent concentra-
tion measuring apparatus of the third embodiment is a control
method of blood constituent concentration measuring appa-
ratus further including a blood constituent concentration
computation procedure of computing the blood constituent
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concentration in the living body from the magnitude of the
photoacoustic signal detected in the acoustic wave detection
procedure.

[1000] The control method of blood constituent concentra-
tion measuring apparatus of the third embodiment is the case
where the acoustic wave detection procedure of the control
method of blood constituent concentration measuring appa-
ratus further comprises the blood constituent concentration
computation procedure, in which the computing device 129
or the computing device 330 of the constituent concentration
measuring apparatus described with reference to FIGS. 20
and 22 computes the blood constituent concentration accord-
ing to the predetermined computation method after the signal
received from the phase sensitive amplifier 128 or the phase
sensitive amplifier 329 is integrated and averaged.

[1001] As to the predetermined computation method, for
example, numerical data or the theoretical formula indicating
the relationship between the blood constituent amount of the
measuring object in the living body and the magnitude of the
photoacoustic signal generated by irradiating the living body
with the light having the wavelength in which the blood
constituent of the measuring object exhibits the absorption
may be used.

[1002] As described above, in the control method of blood
constituent concentration measuring apparatus of the third
embodiment, the blood constituent concentration can easily
be measured by including the blood constituent concentration
computation procedure.

[1003] A blood constituent concentration measuring appa-
ratus of the third embodiment further includes recording
means for recording the photoacoustic signal detected by the
acoustic wave detection means corresponding to the swept
modulation frequency.

[1004] The configuration of the blood constituent concen-
tration measuring apparatus of the third embodiment is the
case in which, for example, in the blood constituent concen-
tration measuring apparatus described with reference to
FIGS. 20 and 22, a recorder (not shown) which is of the
recording means is connected to the computing device 129 or
the computing device 330.

[1005] Therecorder records the signal corresponding to the
modulation frequency. The computing device 129 or the com-
puting device 330 receives the signal from the phase sensitive
amplifier 128 or the phase sensitive amplifier 329, and the
signal is proportional to the magnitude of the photoacoustic
signal generated in the living body test region 110 or the
living body test region 309.

[1006] In the case where the resonance frequency is
changed in the ultrasonic detector 127 or the ultrasonic detec-
tor 328, the recording performed by the recorder can deter-
mine whether or not the modulation frequency sweep range of
the light with which the living body test region 110 or the
living body test region 309 is irradiated includes the range
where the resonance frequency is changed. The recording
performed by the recorder can also determine whether or not
the value accurately measured in the modulation frequency
corresponding to the resonance frequency is selected from the
values of the photoacoustic signals detected by the ultrasonic
detector 127 or the ultrasonic detector 328. In addition to the
third embodiment, the recording means can also be applied to
the first embodiment, the second embodiment, and the later-
mentioned fourth embodiment, fifth embodiment, and sixth
embodiment.
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[1007] As described above, in the blood constituent con-
centration measuring apparatus of the third embodiment, the
blood constituent concentration can appropriately be mea-
sured by including the recording means.

[1008] A control method of blood constituent concentra-
tion measuring apparatus according to the third embodiment
is a control method of blood constituent concentration mea-
suring apparatus further including a recording procedure in
which the photoacoustic signal detected by the acoustic wave
detection procedure is recorded corresponding to the swept
modulation frequency after the acoustic wave detection pro-
cedure.

[1009] The control method of blood constituent concentra-
tion measuring apparatus of the third embodiment is the case
in which, for example, in the control method of blood con-
stituent concentration measuring apparatus described with
reference to FIGS. 20 and 22 further includes the recording
procedure of recording the signal received by the computing
device 129 or the computing device 330 from the phase sen-
sitive amplifier 128 or the phase sensitive amplifier 329 in the
recorder (not shown) connected to the computing device 129
or the computing device 330 corresponding to the swept
oscillation frequency after the acoustic wave detection pro-
cedure of the control method of blood constituent concentra-
tion measuring apparatus.

[1010] In the case where the resonance frequency is
changed in the ultrasonic detector 127 or the ultrasonic detec-
tor 328, the recording performed by the recorder can deter-
mine whether or not the modulation frequency sweep range of
the light with which the living body test region 110 or the
living body test region 309 is irradiated includes the range
where the resonance frequency is changed. The recording
performed by the recorder can also determine whether or not
the value accurately measured in the modulation frequency
corresponding to the resonance frequency is selected from the
values of the photoacoustic signals detected by the ultrasonic
detector 127 or the ultrasonic detector 328.

[1011] As described above, in the control method of blood
constituent concentration measuring apparatus of the third
embodiment, the blood constituent concentration can appro-
priately be measured by including the recording procedure. In
addition to the third, embodiment, the recording procedure
can also be applied to the first embodiment, the second
embodiment, and the later-mentioned fourth embodiment,
fifth embodiment, and sixth embodiment.

Fourth Embodiment

[1012] FIG. 23 is a schematic view showing an example of
a blood constituent concentration measuring apparatus
according to a fourth embodiment. The blood constituent
concentration measuring apparatus shown in FIG. 23
includes a light generation unit 11 which is of the light gen-
erating means for generating the light, a light modulation unit
12 which is of the light modulation means for electrically
intensity-modulating the light generated by the light genera-
tion unit 11 at constant frequency, a light outgoing unit 13
which is of the light outgoing means for outputting intensity
modulated light 1 intensity-modulated by the light modula-
tion unit 12 toward the living body test region 97 which is of
the test subject, and an ultrasonic detection unit 14 which is of
the acoustic wave detection means for detecting an acoustic
wave, 1.e., a photoacoustic signal 3 generated from the living
body test region 97 irradiated with the intensity modulated
light 1. In the blood constituent concentration measuring
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apparatus, the living body test region 97 and the acoustic
matching substance which have the substantially same acous-
tic impedance as the living body test region 97 can be
arranged in an inside 22 located between the light outgoing
unit 13 and the ultrasonic detection unit 14.

[1013] The blood constituent concentration measuring
apparatus shown in FIG. 23 further includes a container 21, a
sound absorbing material 15, a temperature measurement
unit 16, and an outgoing window 17. In the container 21, the
inside 22 located between the light outgoing unit 13 and the
ultrasonic detection unit 14 is filled with the acoustic match-
ing substance having the substantially equal acoustic imped-
ance as the living body test region 97. The sound absorbing
material 15 is arranged in an inner wall surface of the con-
tainer 21. The temperature measurement unit 16 measures the
temperature of the acoustic matching substance arranged in
the container 21. The outgoing window 17 is transparent for
the intensity modulated light 1 arranged in the inner wall
surface of the container 21. FIG. 23 shows the state in which
the acoustic matching substance and the living body test
region 97 are arranged in the inside 22 of the container 21.
The light outgoing unit 13 and the ultrasonic detection unit 14
are arranged across the living body test region 97 in the inside
22 filled with the acoustic matching substance having the
substantially equal acoustic impedance as the living body test
region 97, and the surfaces of the outgoing window 17 and
ultrasonic detection unit 14 are in contact with the acoustic
matching substance respectively.

[1014] FIG. 23 shows an example in which the light outgo-
ing unit 13 and the ultrasonic detection unit 14 are arranged at
positions substantially facing each other. The photoacoustic
signal 3 emitted from the living body test region 97 is detected
with the largest signal intensity in the direction in which the
light outgoing unit 13 outputs the intensity modulated light 1.
The accuracy of the photoacoustic signal detected by the
ultrasonic detection unit 14 can further be improved by
arranging the light outgoing unit 13 and the ultrasonic detec-
tion unit 14 while substantially facing each other. In addition
to the fourth embodiment, the arrangement in which the light
outgoing unit 13 and the ultrasonic detection unit 14 substan-
tially face each other can also applied to the first embodiment,
the second embodiment, the third embodiment, and the later-
mentioned, fifth embodiment and sixth embodiment.

[1015] The light generation unit 11 generates the light. For
example, a fluorescent lamp, a halogen lamp, laser including
semiconductor laser light generating devices including a light
generating diode, and light generating devices including a
light generating diode can be cited as an example of the light
generation unit 11. It is preferable that the light generation
unit 11 emits the light having the wavelength absorbed by the
constituent whose concentration is measured. For example,
the laser and light generating device having the wavelength
selectivity is preferable for the light generation unit 11.
[1016] The light modulation unit 12 electrically intensity-
modulates the light generated by the light generation unit 11
at a constant frequency. The light modulation unit including
the oscillator, the drive circuit, and the 180°-phase shifter can
be cited.

[1017] Preferably, the light generation unit 11 generates the
two light beams having the wavelengths A, and A,, and pref-
erably the light modulation unit 12 intensity-modulates the
light beams having the wavelengths A, and A, into the inten-
sity modulated light 1 having the same frequency and reverse
phases. For example, assuming that the glucose blood con-
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centration is set at an index of the blood sugar level and water
is used as the acoustic matching substance, because glucose
exhibits the absorption at 1600 nm, the wavelength near 1600
nm may be selected as the wavelength A, and the wavelength
near 1400 nm in which the absorption coefficients of water
are equal to each other may be selected as the wavelength A, .

[1018] The concentration measured in the case where the
wavelength absorbed by the blood constituent is selected as
the wavelength A | and the wavelength in which the absorption
coefficients of water are equal to those in the wavelength A, is
selected as the wavelength &, will be described below. When
the absorption coefficients a,””’, @, to which the back-
ground water mainly contributes and the molar absorption
coefficients o, ”, o, of the blood constituent are known for
the wavelengths A, and A.,, the concentration M is determined
by solving the formula (1) which s of the simultaneous equa-
tions including the photoacoustic signal measured value s,
and s, in the wavelengths. Where C is a variable coefficient
which is hardly controlled or calculated, i.e., C is an unknown
multiplier depending on the acoustic coupling, the ultrasonic
detector sensitivity, the distance r between the irradiation
portion and the living body test region, the specific heat, the
thermal expansion coefficient, the sound velocity, the modu-
lation frequency, and the absorption coefficient. When C is
deleted in the formula (1), the formula (4) is obtained, and the
concentration M can be determined from the photoacoustic
signal s,, s, and the already known absorption coefficient.
However, in the formula (4), it is assumed that the absorption
coefficient o, ®, a1, to which the background water mainly
contributes are substantially equal to each other for the wave-
lengths A, and A,. The formula (4) also has the feature of
$,=8,. Thus, the influence of the water on the photoacoustic
signal can be removed by utilizing the two intensity modu-
lated light beams having the mutually different wavelengths
in which the frequencies are equal to each other and the
phases are reversed to each other for the intensity modulated
light 1.

[1019] The light outgoing unit 13 outputs the intensity
modulated light 1 which is intensity-modulated by the light
modulation unit 12. The light outgoing unit 13 is a member
arranged in the portion where the intensity modulated light 1
is outputted, and preferably the light outgoing unit 13 is made
of the material transparent to the intensity modulated light 1.
Glass and plastic can be cited as an example of the transparent
material. In the case where the light outgoing unit 13 is in
contact with the acoustic matching substance, preferable the
light outgoing unit 13 is made of the material which does not
react with the acoustic matching substance. A quartz plate, an
optical glass plate, and a sapphire plate can be cited. The light
outgoing unit 13 may include an optical fiber which can guide
the intensity modulated light 1. The light generation unit 11
and the light modulation unit 12 are arranged at positions
distant from the light outgoing unit 13 by including the optical
fiber, which allows the intensity modulated light 1 to be
guided to the position where the living body test region 97 is
irradiated.

[1020] The ultrasonic detection unit 14 detects the photoa-
coustic signal 3 which is of the acoustic wave. Examples of
the ultrasonic detection unit include the ultrasonic detection
unit such as a crystal microphone, a ceramic microphone, and
a ceramic ultrasonic wave sensor in which the magneto-stric-
tion effect or electro-striction effect is utilized, the ultrasonic
detection unit such as a moving-coil microphone and a ribbon
microphone in which electromagnetic induction is utilized,
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the acoustic wave detector such as a capacitor microphone in
which electrostatic effect is utilized, and the ultrasonic detec-
tion unit such as a magneto-striction vibrator in which mag-
neto-striction is utilized. The ultrasonic detection unit includ-
ing crystal such as PZT and PVDF can be cited as an example
of the ultrasonic detection unit in which piezoelectric effect is
utilized. An underwater microphone such as a hydrophone is
preferably used because the acoustic wave propagating
through the acoustic matching substance is detected. Prefer-
ably, a layer (for example, silicone rubber) for performing the
matching with the acoustic impedance of the acoustic match-
ing substance is formed in the surface of the ultrasonic detec-
tion unit.

[1021] Thetemperature measurement unit 16 is a thermom-
eter which measures the temperature of the acoustic matching
substance. The acoustic matching substance is preferably ina
liquid, sol, or gel, so that a contact type thermometer can be
used as the temperature measurement unit 16. A non-contact
type radiation thermometer may be used.

[1022] The blood constituent concentration measuring
apparatus shown in FIG. 23 may further include a thermostat
unit (not shown) which adjusts the temperature of the acoustic
matching substance according to the temperature measured
by the temperature measurement unit 16. A heater can be
cited as an example of the thermostat unit. The temperatures
of the acoustic matching substance and photoacoustic signal
surface can be stabilized by adjusting the temperature of the
acoustic matching substance according to the temperature
measured by the temperature measurement unit 16. For
example, the temperature of the acoustic matching substance
can be adjusted according to the temperature rise. The stabi-
lization of the temperatures of acoustic matching substance
and photoacoustic signal surface stabilizes the change in pho-
toacoustic signal 3 caused by the temperature change, so that
the computation accuracy of the blood constituent concentra-
tion is increased.

[1023] In the container 21 shown in FIG. 23, the inside 22
can be filled with the acoustic matching substance.

[1024] FIG. 23 shows the example in which the sound
absorbing material 15 is included in the inner wall surface of
the container 21. The sound absorbing material 15 absorbs the
photoacoustic signal 3. For example, the sound absorbing
material 15 can be made of the material in which metal oxide
powders (titanium oxide or tungsten oxide) are included in an
epoxy resin. The multiple-reflection acoustic wave generated
from the unevenness of the internal structure of the living
body test region 97 can be absorbed and removed by includ-
ing the sound absorbing material 15 in at least one part of the
inner wall surface of the container 21. Therefore, the ultra-
sonic detection unit 14 can efficiently detect the photoacous-
tic signal 3 emitted from the living body test region 97.
[1025] FIG. 23 also shows the example in which the con-
tainer 21 includes the outgoing window 17. The outgoing
window 17 is transparent to the intensity modulated light 1.
The transparent glass and plastic can be cited as an example of
the outgoing window 17. Preferably, the outgoing window 17
is scratch resistant, and the quartz plate, the optical glass
plate, and the sapphire plate can be cited as an example of the
outgoing window 17. Preferably, the outgoing window 17 is
made of the material which does not absorb the intensity
modulated light 1. The light outgoing unit 13 can be arranged
outside the inside 22 of the container 21 by including the
outgoing window 17, so that the light outgoing unit 13 can
easily be arranged. Because the intensity modulated light 1
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can be outputted from the inner wall surface of the container
21, the irregularity is eliminated in the inner wall surface of
the container 21, and the reflection of the photoacoustic signal
3 can be decreased.

[1026] The acoustic matching substance has the substan-
tially same acoustic impedance as the living body test region
97. Examples of the acoustic matching substance include
rubber, a soft solid such as resin, a liquid, and sol or gel. The
water may be used as the acoustic matching substance. That
is, the container 21 may be filled with the water which is of the
acoustic matching substance. Because the acoustic imped-
ance of the living body is close to the water, when the pho-
toacoustic signal 3 is detected under the environment in
which the inside 22 which is of the surroundings of the living
body test region 97 is surrounded by the water, the degrada-
tion of the photoacoustic signal 3 can be decreased. The
degradation of the photoacoustic signal 3 is caused by the
boundary reflection between the living body test region 97
and the inside 22 which is of the surroundings thereof and by
the contact between the living body test region 97 and the
ultrasonic detection unit 14.

[1027] FIG. 24 is a transverse sectional view taken on line
D-D' of FIG. 23, and FIG. 24 shows a first mode of the blood
constituent concentration measuring apparatus. In the con-
tainer 21, the shape in transverse section is formed in the
circle. The light outgoing unit 13 and the ultrasonic detection
unit 14 are arranged in the side face of the container 21 while
substantially facing each other.

[1028] FIG. 25 is a transverse sectional view taken on line
D-D' of FIG. 23, and FIG. 25 shows a second mode of the
blood constituent concentration measuring apparatus. In the
container 21 shown in FIG. 25, the shape in transverse section
is formed in the semi-circle, and the light outgoing unit 13 is
arranged at the position of the substantial center point of the
semi-circle. FIG. 25 also shows the example in which ultra-
sonic detection units 14a, 145, 14¢, 14d, and 14e are arranged
in the arc portion of the semi-circle of the container 21. The
ultrasonic detection unit 14« is arranged at the position where
the ultrasonic detection unit 14a faces the light outgoing unit
13, and the ultrasonic detection units 145 to 14¢ are arranged
in the arc portion in the dispersed manner.

[1029] Asshown in FIG. 25, the shape in transverse section
of the container 21 is formed in the semi-circle, and the light
outgoing unit 13 is arranged in the substantial center point of
the circle. Therefore, the distance between the side face of the
case corresponding to the arc portion of the semi-circle and
the light outgoing unit 13 can be uniformed. Accordingly,
when the living body test region 97 is placed so as to be
pressed against the flat surface including the center of the
semi-circle, the photoacoustic signal 3 is generated in the
substantial center of the semi-circle, and the photoacoustic
signal 3 spreads radially. At this point, the distance between
the ultrasonic detection units 14a to 14e and the generation
source of the photoacoustic signal 3 is kept constant, so that
the ultrasonic detection units 144 to 14e can detect the same-
phase photoacoustic signals 3. When the photoacoustic sig-
nals 3 detected by the ultrasonic detection units 14a to 14e are
multiplexed, the photoacoustic signal 3 can efficiently be
detected. When the detection signals are compared to each
other at the same time, the influence caused by the structure
inside the living body test region 97 can also be corrected.
Thus, the accuracy of the photoacoustic signal can further be
increased by improving the sound collective state in the
acoustic wave detection means. The acoustic wave detection
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means can more efficiently detect the radially spread photoa-
coustic signal by arranging two acoustic wave detection
means in the side face of the case corresponding to the arc
portion of the semi-circle.

[1030] FIG. 26 is a longitudinal sectional showing a fourth
mode of the blood constituent concentration measuring appa-
ratus. In the blood constituent concentration measuring appa-
ratus shown in FIG. 26, the bottom surface inside the con-
tainer 21 is formed in a hemisphere. The blood constituent
concentration measuring apparatus of the fourth mode can be
used in the case where the section E-E' is the transverse
section shown in FIG. 25. In FIG. 26, an ultrasonic detection
unit 14f'is shown in the bottom surface, and the ultrasonic
detection unit 14f'is arranged at the position where the dis-
tance from the light outgoing unit 13 is substantially equal to
the distance between the light outgoing unit 13 and the ultra-
sonic detection unit 14a. Thus, the photoacoustic signal 3
spreading radially from the living body test region 97 can be
detected more efficiently by utilizing the ultrasonic detection
unit 1411n addition to the ultrasonic detectionunits 14a to 14e
shown in FIG. 25. The section E-E' is not limited to FIG. 25.
Forexample, the shape in transverse section may be formed in
a sector having arbitrary angles such as 45 degrees, 90
degrees, and 135 degrees.

[1031] A fifth mode ofthe blood constituent concentration
measuring apparatus will be described with reference to
FIGS. 27 and 28. FIG. 27 is a longitudinal sectional showing
the fifth mode of the blood constituent concentration measur-
ing apparatus. FIG. 28 is a transverse sectional view taken on
line F-F' of FIG. 27. In the blood constituent concentration
measuring apparatus shown in FIGS. 27 and 28, the container
21 is formed in the elliptic hemisphere including two focal
points in section, and the light outgoing unit 13 and the
ultrasonic detection unit 14 are arranged at the two focal
points respectively. The container 21 is formed in the elliptic
hemisphere including the two focal points in section, and the
light outgoing unit 13 and the ultrasonic detection unit 14 are
arranged near the two focal points respectively. Therefore, the
photoacoustic signal 3 can be scattered at the bottom portion
of the case and efficiently collected by the ultrasonic detec-
tion unit 14. Because the distance in which the photoacoustic
signal 3 reaches the ultrasonic detection unit 14 is not
changed, the photoacoustic signal 3 is hardly affected by the
influence of the multiple-scattering acoustic wave. Thus, the
accuracy of the photoacoustic signal 3 can further be
increased by improving the sound collective state in the
acoustic wave detection means. As shown in FIG. 27, the
container 21 includes the reflection material 18 in the inner
wall surface of the bottom portion. The reflection material 18
reflects the photoacoustic signal 3. Preferably, the reflection
material 18 does not react with the water. For example, when
the water is used as the acoustic matching substance, the
stablemetal such as stainless steel and aluminum can be cited.
The efficiency of collecting the photoacoustic signal 3 with
acoustic wave detection means can be improved by including
the reflection material 18 in at least one part of the inner wall
surface of the container 21. Therefore, the accuracy of the
photoacoustic signal 3 detected by the ultrasonic detection
unit 14 can be further increased.

[1032] Although the bottom surface is described in the fifth
mode of the blood constituent concentration measuring appa-
ratus, as shown in FIG. 28, the container 21 may be formed in
the ellipse in transverse section, and the light outgoing unit 13
and the ultrasonic detection unit 14 may be arranged at the
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substantial focal points of the ellipse respectively. The shape
of the inner wall surface is formed in the ellipse in transverse
section, and the light outgoing unit 13 and the ultrasonic
detection unit 14 are arranged at the substantial focal points of
the ellipse respectively. Therefore, the photoacoustic signal 3
can be scattered by the side face of the inner wall surface of
the container 21 and efficiently collected by the ultrasonic
detection unit 14. Thus, the accuracy of the photoacoustic
signal 3 can further be increased by improving the sound
collective state in the ultrasonic detection unit 14.

[1033] As described above, by including the container 21,
the living body test region 97 is arranged in the inside 22 of
the container 21 filled with the acoustic matching substance
having the substantially equal acoustic impedance as the liv-
ing body test region 97, and the photoacoustic signal 3 can be
detected from the living body test region 97 under the envi-
ronment in which the inside 22 which is of the surroundings
of the living body test region 97 is surrounded by the acoustic
matching substance. The photoacoustic signal 3 is detected
under the environment in which the inside 22 which is of the
surroundings of the living body test region 97 is surrounded
by the acoustic matching substance, which allows the degra-
dation of the photoacoustic signal 3 to be decreased. The
degradation of the photoacoustic signal 3 is caused by the
boundary reflection between the living body test region 97
and the inside 22 which is of the surroundings thereof and by
the contact between the living body test region 97 and the
ultrasonic detection unit 14.

[1034] The living body test region 97 is a human living
body. Although the finger is shown in FIGS. 23 to 28 by way
of example, any part of the living body may be used as the
living body test region 97. For example, a hand and an arm
may be used as the living body test region 97.

[1035] An animal, a bird, and plants such as fruit and veg-
etable may be used as the living body test region 97 which is
of the object to be measured. The object to be measured
includes a pipe through which a liquid flows and the container
such as a bottle and a tank in which the liquid sol or gel is
reserved. For example, when the object to be measured is the
fruit, the sugar of the fruit can be measured in the noninvasive
mannet.

[1036] As described above, the control method of blood
constituent concentration measuring apparatus according to
the fourth embodiment including the light generating proce-
dure in which the light generating means generates the light;
the light modulation procedure for electrically intensity-
modulating the light generated from the light generating pro-
cedure at a constant frequency; the light outgoing procedure
in which the light modulation means outputs the intensity
modulated light 1 intensity-modulated in the light modulation
procedure toward the living body test region 97; and the
acoustic wave detection procedure in which the acoustic wave
detection means detects the acoustic wave, i.e., the photoa-
coustic signal 3 emitted from the living body test region 97
irradiated with the intensity modulated light 1 in the light
outgoing procedure. The control method of blood constituent
concentration measuring apparatus is characterized in that the
light outgoing procedure and the acoustic wave detection
procedure are performed in the container 21 filled with the
acoustic matching substance having the substantially equal
acoustic impedance as the living body test region 97.

[1037] Thus, the living body test region 97 and the acoustic
matching substance having the substantially equal acoustic
impedance as the living body test region 97 can be arranged
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between the light outgoing unit 13 and the ultrasonic detec-
tion unit 14, so that the acoustic matching substance can be
placed between the living body test region 97 and the ultra-
sonic detection unit 14 to reduce the boundary reflection at the
interface between the living body test region 97 and the inside
22 which is of the surroundings thereof.

[1038] Preferably, in the light outgoing procedure, as
described above, the light generation unit 11 generates the
two light beams having the mutually different wavelengths A,
and A, and, in the light modulation procedure, the light modu-
lation unit 12 intensity-modulates these light beams having
the different wavelengths A, and A, into the intensity modu-
lated lights 1 having the same frequency and reverse phases.
[1039] As shown in FIGS. 23 to 28, preferably, in the light
outgoing procedure, the living body test region 97 is arranged
while being contact with the outgoing surface of the intensity
modulated light 1 and the living body test region 97 is directly
irradiated with the intensity modulated light 1. The outgoing
window 17 acts as the outgoing surface in FIGS. 23 to 28. The
light outgoing unit 13 acts as the outgoing surface, when the
outgoing window 17 is not included. The living body test
region 97 is arranged so as to come into contact with the
outgoing surface of the intensity modulated light 1, and the
living body test region 97 is directly irradiated with the inten-
sity modulated light 1. Therefore, the degradation of the
intensity modulated light 1 caused by the absorption in the
acoustic matching substance can be prevented. Accordingly,
because the living body test region 97 is efficiently irradiated
with the intensity modulated light 1, the intensity is increased
in the photoacoustic signal 3 emitted from the living body test
region 97, and the accuracy of the photoacoustic signal 3
detected by the ultrasonic detection unit 14 can further be
increased. The arrangement in which the living body test
region 97 is in contact with the intensity modulated light 1 can
also be applied in the first embodiment, the second embodi-
ment, third embodiment, and the later-mentioned fifth
embodiment and sixth embodiment in addition to the fourth
embodiment.

[1040] Asshownin FIGS. 23 to 28, preferably, in the acous-
tic wave detection procedure, the photoacoustic signal 3 is
detected through the acoustic matching substance having the
substantially equal acoustic impedance as the living body test
region 97. FIGS. 23 to 28 show the example in which the
detection is performed through the acoustic matching sub-
stance with which the inside 22 of the container 21 is filled.
However, a solid-state substance such as silicone rubber
arranged between the living body test region 97 and the ultra-
sonic detection unit 14 may be used. The photoacoustic signal
3 is detected through the acoustic matching substance having
the substantially equal acoustic impedance as the living body
test region 97, so that the boundary reflection between the
living body test region 97 and the inside 22 which is of the
surroundings thereof and the pressure and vibration applied
to the ultrasonic detection unit 14 can be prevented.

[1041] As shown in FIGS. 23 to 28, preferably, in the light
outgoing procedure, the intensity modulated light 1 is
arranged in the inner wall surface of the container 21 and the
living body test region 97 is irradiated with the intensity
modulated light 1 through the outgoing window 17 which is
transparent to the intensity modulated light 1. The container
21 includes the outgoing window 17 which is transparent to
the intensity modulated light 1, which allows the light outgo-
ing unit 13 to be arranged outside the container 21. Therefore,
the light outgoing unit 13 is easily arranged. Because the

May 16, 2013

intensity modulated light 1 can be outputted from the inner
wall surface of the container 21, the irregularity is eliminated
in the inner wall surface of the container 21, and the reflection
of the photoacoustic signal 3 can be decreased.

[1042] As shown in FIGS. 23 to 28, in the living body test
region 97, preferably the region irradiated with the intensity
modulated light 1 is covered with the liquid, sol, or gel acous-
tic matching substance. In the living body test region 97, the
region irradiated with the intensity modulated light 1 is cov-
ered with the liquid, sol, or gel acoustic matching substance,
so that the photoacoustic signal 3 can be detected from the
living body test region 97 under the environment in which the
inside 22 which is of the surroundings of the living body test
region 97 is surrounded by the acoustic matching substance.

EXAMPLES

[1043] Specific examples in the fourth embodiment will be
described below.

First Example

[1044] A first example in which the light generating means
generates the two light beams having the different wave-
lengths and the light modulation means intensity-modulates
the two light beams into the intensity modulated light beams
having the same frequency and reverse phases will be
described below with reference FIG. 29. FIG. 29 is a circuit
diagram showing an example of the blood constituent con-
centration measuring apparatus. An oscillator 51 drives drive
circuits 53a and 535 at a constant frequency. A 180°-phase
shifter 52 is arranged between the oscillator 51 and the drive
circuit 535, and the drive circuit 535 is driven in the phase
reversed to the phase of the drive circuit 53a. Light generation
units 11a and 115 generate the light beams having the differ-
ent wavelengths. The drive circuit 53a intensity-modulates
the light generated by the light generation unit 114, and the
drive circuit 53q outputs the intensity modulated light 1a. The
drive circuit 535 intensity-modulates the light generated by
the light generation unit 115, and the drive circuit 535 outputs
the intensity modulated light 15. Therefore, the intensity
modulated light beams 1a and 15 having the different wave-
lengths in which the frequencies are equal to each other while
the phases reversed to each other can be generated. In the first
example, the oscillator 51, the drive circuits 53a and 535, and
the 180°-phase shifter 52 correspond to the light modulation
unit 12 shown in FIG. 23.

[1045] A coupler 55 multiplexes the intensity modulated
light beams 1a and 15, and the light outgoing unit 13 outputs
the multiplexed light as the intensity modulated light 1. The
living body test region 97 is irradiated with the intensity
modulated light 1 outputted from the light outgoing unit 13,
and the photoacoustic signal 3 emitted from the living body
test region 97 is detected by the ultrasonic detection unit 14.
In the photoacoustic signal 3 detected by the ultrasonic detec-
tion unit 14, the photoacoustic signal 3 is extracted by the
filter 57, and the photoacoustic signal 3 is outputted from the
photoacoustic signal output terminal 59 after the photoacous-
tic signal output terminal 59 is amplified by the phase sensi-
tive amplifier 58.

Second Example

[1046] A second example of the blood constituent concen-
tration measuring apparatus of the fourth mode shown in
FIGS. 25 and 26 will be described with reference to FIGS. 30
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and 31. FIG. 30 is a longitudinal sectional view of the blood
constituent concentration measuring apparatus, and FIG. 30
shows an example in which the blood constituent concentra-
tion measuring apparatus is applied to a fingertip of the
human body. FIG. 31 is a transverse sectional view taken on
line H-H'. Referring to FIGS. 30 and 31, the inside 22 of the
cylindrical container 21 into which the living body test region
97 is inserted is filled with water, the outgoing window 17 and
the ultrasonic detection unit 14 are embedded in the inner wall
of the container 21. A power supply 31 which supplies the
electric power to a light source chip 395 and the ultrasonic
detection unit 14, a phase sensitive amplifier 32 which ampli-
fies the output signal of the ultrasonic detection unit 14, a
signal processor 33 which computes the blood constituent
concentration, and a display processing unit 34 which display
data on a display device (not shown) placed outside the base
are provided in the base of the container. The ultrasonic
detection unit 14 and the signal processor 33 are connected to
each other with a connection cable 35. A temperature regu-
lating unit 36 is placed in the inner wall of the container 21, a
heater 37 and a temperature measurement unit 16 are incor-
porated into the container 21 so as to come into contact with
the inside 22 of the container 21.

[1047] Thebottom portion of the cylindrical container 21 is
formed in a quarter sphere having a radius of 5 cm. In the
ultrasonic detection unit 14 incorporated into the container
21, a preamplifier 38 which amplifies the photoacoustic sig-
nal 3 detected by the ultrasonic detection unit 14 are placed.
The crystal such as PZT and PVDF having the piezoelectric
effect is used as the ultrasonic detection unit 14. A matching
layer is formed in the surface of the ultrasonic detector unit 14
to match the acoustic impedance with the water. When sili-
cone rubber which is frequently used in a percutaneous treat-
ment tool is used as the matching layer of the ultrasonic
detection unit 14, the reflection can be decreased by 9% in the
surface.

[1048] In the inner wall of the container 21 filled with the
water, the inner wall of the container 21 except for the surface
of the ultrasonic detection unit 14 is filled with a sound
absorbing material 15 in order to decrease the reflection at the
interface between the materials of the matching layer and
container 21. The material in which metal oxide powders
(titanium oxide or tungsten oxide) are included in the epoxy
resin is effectively used as the sound absorbing material
which prevents the reflection. In the light outgoing unit 13
shown in FIG. 23, the two light beams having the mutually
different wavelengths are generated with light source chips
394 and 395 and lenses 40a and 405, the two light beams
having the mutually different wavelengths are multiplexed
with a polarization beam splitter 41, and the fingertip portion
is irradiated with the collimate light through the outgoing
window 17. The semiconductor laser is effectively used as the
light source chips 39a and 395 from the viewpoints of price,
size, and chip lifetime. As to the two wavelengths, the wave-
length of the light source chip 39a is set at 1380 nm and the
wavelength of the light source chip 394 is set at 1608 nm.

[1049] Theintensity modulated light beams 1a and 1 from
the light source chips 39a and 395 are collimated with the
lenses 40a and 405 to adjust the distance between the light
source chip 39q and the lens 40q, the material and curvature
of the lens 404, the distance between the light source chip 395
and the lens 405, and the material and curvature of the lens
405, which allows the intensity modulated light beams 1a and
15 to be adjusted in the beam diameter suitable to the pho-
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toacoustic measurement. In the second example, the two
beam diameters are set at 5.0 mm. The scratch-resistant mate-
rial in which the absorption is not exhibited in the two wave-
lengths is suitable to the outgoing window 17. For example,
the quartz plate, the optical glass plate, and the sapphire plate
can be used. A pressure sensitive device in which the piezo-
electric material is used is embedded in an edge portion of the
outgoing window 17 which is in contact with the living body
test region 97, and the pressure sensitive device senses the
pressure applied to the outgoing window 17 to start the supply
of the electric power to the light source chips 39a and 395.
[1050] In the temperature regulating unit 36, the heater 37
is embedded in the inner wall of the container 21, the current
to the heater 37 is adjusted while the difference between the
temperature measured by the temperature measurement unit
16 and the temperature setting value of the acoustic matching
substance in the inside 22 of the container 21 is monitored.
The temperature of the acoustic matching substance is set at
36° C. which is close to the body temperature of the living
body. The metal layer (not shown) made of metal (copper or
aluminum) having the high heat conductivity is provided in
the inner wall of the container 21, the temperature of the
acoustic matching substance can efficiently be controlled by
bringing the heater 37 and the metal layer into contact with
each other.

Third Example

[1051] An example of the blood constituent concentration
measuring apparatus of the fifth mode shown in FIGS. 27 and
28 will be described with reference to FIGS. 32 and 33. FIG.
32 is a longitudinal sectional view of the blood constituent
concentration measuring apparatus, and FIG. 32 shows an
example in which the blood constituent concentration mea-
suring apparatus is applied to the finger of the human body.
FIG. 33 is a transverse sectional view taken on line N-N' of
FIG. 32. The bottom portion of the cylindrical container is
formed in elliptic hemisphere having a major axis of 100 mm
and a minor axis of 50 mm. The intensity modulated light
beams 1a and 15 from the light source chips 39a and 395 are
guided to an optical fiber 42 through the lenses 40a and 405
and the beam splitter 41. The intensity modulated light 1
incident to the optical fiber 42 is guided to the outgoing
window 17 through the optical fiber 42, and the intensity
modulated light 1 is outputted to the inside 22 of the container
21. The living body test region 97 is irradiated with the
intensity modulated light 1 outputted from the outgoing win-
dow 17.

[1052] The lens 40a or 405 is placed at the end face of the
optical fiber 42, the irradiation beam diameters of the inten-
sity modulated light beams 1a and 15 are adjusted from the
distance between the lenses 40a and 405, and the beam diam-
eters of the two intensity modulated light beams 1 are set at
5.0 mm. The drive currents of the light source chips 39a and
394 are adjusted such that the power of the irradiation inten-
sity modulated light 1 becomes 4 mW, and the intensity
modulation is performed at 200 kHz by the oscillator (not
shown). The outgoing window 17 is placed such that the
interface between the outgoing window 17 and the water
which is of the acoustic matching substance becomes the
focal point of the ellipse, namely, the interface between the
outgoing window 17 and the living body test region 97 is
placed at the focal point of the ellipse during the measure-
ment. A commercially available hydrophone in which the
acoustic matching is performed with the water is used as the
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ultrasonic detection unit 14, and the ultrasonic detection unit
14 is placed at the focal point of the ellipse different from the
irradiation portion of the living body test region 97. The
needle hydrophone is adopted as the ultrasonic detection unit
14 to finely adjust the position, and the ultrasonic detection
unit 14 is placed at the position where the photoacoustic
signal becomes the maximum.

[1053] The outgoing window 17, the inner wall surface on
a horizontal plane, and the bottom surface except for the
outgoing window 17 are filled with the reflection material 18
in order to efficiently reflect the photoacoustic signal 3. The
stable metal (stainless steel or aluminum), which does not
chemically react with the water, is used as the reflection
material 18. Other inner surfaces except for above portions
are filled with sound absorbing material 15 to decrease the
influence multiple reflections.

Fifth Embodiment

[1054] FIG. 34 is a circuit diagram of a blood constituent
concentration measuring apparatus according to a fifth
embodiment. The blood constituent concentration measuring
apparatus shown in FIG. 34 includes light generating means
for generating the intensity modulated light 1 intensity-
modulated at a constant frequency; a excitation light source
23 which is of the light modulation means and light outgoing
means; an acoustic wave generator 24 which outputs the
acoustic wave 2; and an acoustic wave detector 25 which is of
the acoustic wave detection means for detecting the acoustic
wave, i.e., photoacoustic signal 3 and the acoustic wave 2, the
photoacoustic signal 3 being emitted from the living body test
region 97 which is of the test subject irradiated with the
intensity modulated light 1, the acoustic wave 2 being trans-
mitted through the living body test region 97 from the acous-
tic wave generator 24. In FIG. 34, the circuit diagram of a
blood constituent concentration measuring apparatus accord-
ing to the fifth embodiment further includes a control unit 26
which compares the signal intensity of the acoustic wave 2
from the output signal 4 of the acoustic wave 2 detected by the
acoustic wave detector 25, the control unit 26 outputting the
control signal 5 to control a drive unit 27 such that the inten-
sity of the acoustic wave 2 becomes a particular value; the
drive unit 27 which varies the positions of the excitation light
source 23, acoustic wave generator 24, and acoustic wave
detector 25 by the control signal 5; and acoustic coupling
elements 28 which are located in surfaces where acoustic
wave generator 24 and acoustic wave detector 25 come into
contact with the living body test region 97, the acoustic cou-
pling element 28 having the substantially equal acoustic
impedance as the living body test region 97.

[1055] FIG. 34 shows the example in which the blood con-
stituent concentration measuring apparatus has a transmis-
sion window 29 in a central portion of the acoustic wave
generator 24 and the transmission window 29 transmits the
intensity modulated light 1 from the excitation light source
23. Preferably, the acoustic wave generator 24 is arranged
close to the beam of the intensity modulated light 1 from the
excitation light source 23. The reflection/scattering can cor-
rectly be examined in the propagation path of the photoacous-
tic signal 3 by arranging the acoustic wave generator 24 close
to the beam of the intensity modulated light 1 from the exci-
tation light source 23. Preferably, the acoustic wave 2 is
generated to the living body test region 97 at the position close
to the living body test region 97. Because the photoacoustic
signal 3 is generated near the cuticle of the living body test
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region 97 to which the intensity modulated light 1 is incident,
the reflection/scattering can further correctly be examined in
the propagation path of the photoacoustic signal 3. The acous-
tic wave 2 can be causes to propagate efficiently to the living
body test region 97 by generating the acoustic wave 2 at the
position near the living body test region 97.

[1056] The excitation light source 23 shown in FIG. 34
outputs the intensity modulated light 1 which is intensity-
modulated at the constant frequency. The excitation light
source 23 outputs the light having the absorption wavelength
of the measuring object whose concentration is measured. For
example, in the case where the measuring object is glucose,
the wavelength becomes 1608 nm. The light emitted at a
particular frequency from the light source device may be
intensity-modulated at a constant frequency using the oscil-
lator, the drive circuit, the 180°-phase shifter, and the like.
Examples of the light source device, which emits the light at
a particular frequency, include various lasers such as a gas
laser, a solid-state laser, and the semiconductor laser and the
light generating diode. The blood constituent concentration
measuring apparatus may further include a light shielding
hood, around at least one part of the optical path of the
intensity modulated light 1, the light shielding hood prevent-
ing the leakage of the intensity modulated light 1 outside the
blood constituent concentration measuring apparatus. The
leakage of the intensity modulated light 1 outside the blood
constituent concentration measuring apparatus including por-
tions of the living body test region 97 except for the portion to
be examined is prevented by further including the light
shielding hood. In addition to the fifth embodiment, the light
shielding hood can also applied in the first embodiment, the
second embodiment, the third embodiment, and the later-
mentioned sixth embodiment.

[1057] The excitation light source 23 may be fixed to the
acoustic wave generator 24 so as to simultaneously operate
with the acoustic wave generator 24. For example, the exci-
tation light source 23 may be integrated with the acoustic
wave generator 24. Because the excitation light source 23
simultaneously operates with the acoustic wave generator 24,
the excitation light source 23 can automatically be moved to
the position suitable to the measurement. The fifth embodi-
ment shows the mode in which the excitation light source 23
outputs one light beam. However, the excitation light source
23 can also emit the two light beams having the mutually
different wavelengths A, and A, and output the intensity
modulated light beams having the same frequency and
reverse phases. As described in the first embodiment to the
fourth embodiment, the two light beams having the mutually
different wavelengths in which the frequencies are equal to
each other and the phases are reversed to each other are used
as the intensity modulated light 1, which allows the influence
of the water on the photoacoustic signal to be removed.
[1058] The acoustic wave generator 24 shown in FIG. 34
generates and outputs the acoustic wave 2 which is of the
ultrasonic wave. The frequency of the ultrasonic wave gen-
erated by acoustic wave generator 24 generates the frequency
ofthe photoacoustic signal 3 generated by the living body test
region 97. For example, the acoustic wave generator, which
generates the acoustic wave having the frequency of about
200 kHz, may be used as acoustic wave generator 24.
[1059] Preferably, in the acoustic wave generator 24, the
frequency and/or intensity of the outputted acoustic wave 2 is
variable. When the frequency of the outputted acoustic wave
2 is variable, the frequency of the photoacoustic signal 3 in
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which the generated frequency is changed by the change of
the living body test region 97 can be outputted from the
acoustic wave generator 24. When the intensity of the output-
ted acoustic wave 2 is variable, the intensity of the acoustic
wave 2 outputted from the acoustic wave generator 24 can be
decreased and increased according to the intensity of the
acoustic wave 2 detected by ultrasonic detector 25, so that the
intensity can be compared even if the intensity detected by the
acoustic wave detector 25 is small.

[1060] FIG. 35 is a schematic view showing examples of
the acoustic wave generator 24 and the acoustic wave detector
25,FIG. 35(a) is an external view, FIG. 35(b) is a top view of
the acoustic wave generator, FIG. 35(c) is a perspective view
of the acoustic wave generator, and FIG. 35(d) is a bottom
view of the acoustic wave generator. FIG. 35(a) shows the
state in which the living body test region 97 is clamped by the
acoustic wave generator 24 in which the acoustic coupling
element 28 is arranged and the acoustic wave detector 25 in
which the acoustic coupling element 28 is arranged. As
shown in FIGS. 35(b), 35(c), and 35(d), the transmission
window 29 which transmits the intensity modulated light
beam may be further included in a part of the acoustic wave
generator 24. The transmission window 29 may be used as a
through hole. A transparent member, which is transparent to
the intensity modulated light, may be arranged in the surface
which is in contact with the living body test region 97. The
acoustic coupling element 28 may be used as the transparent
member. Thus, the transmission window 29 is further
included, the acoustic wave generator 24 is arranged between
the excitation light source and the living body test region 97,
and thereby the living body test region 97 can be irradiated
from above the acoustic wave generator 24. Accordingly,
because the living body test region 97 can be irradiated with
the intensity modulated light at the substantially same posi-
tion as the position where the acoustic wave suitable to the
measurement is outputted, the living body test region 97 can
be irradiated with the intensity modulated light such that the
photoacoustic signal propagates in the propagation path suit-
able to the measurement. The propagation path suitable to the
measurement is confirmed by the acoustic wave.

[1061] The acoustic wave detector 25 shown in FIG. 34
detects the acoustic wave 2 and the photoacoustic signal 3
which are of the ultrasonic wave. The acoustic wave detector
25 also includes one which detects the photoacoustic signal 3
to output the electric signals proportional to the acoustic
pressures of the acoustic wave 2 and the photoacoustic signal
3 as the output signal 4. Examples of the acoustic wave
detector 25 include the acoustic wave detector such as a
crystal microphone, a ceramic microphone, and a ceramic
ultrasonic wave sensor in which the magneto-striction effect
or electro-striction effect is utilized, the acoustic wave detec-
tor such as a moving-coil microphone and a ribbon micro-
phone in which electromagnetic induction is utilized, the
acoustic wave detector such as a capacitor microphone in
which electrostatic effect is utilized, and the acoustic wave
detector such as a magneto-striction vibrator in which mag-
neto-striction is utilized. The frequency flat type electro-stric-
tion device (ZT) and the acoustic wave detector including the
crystal such as PVDF (polyvinylidene fluoride) can be cited
as an example of the acoustic wave detector in which the
piezoelectric effect is utilized. PZT into which the FET (Field
Effect Transistor) amplifier is incorporated may be used as
acoustic wave detector 25.
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[1062] The acoustic coupling element 28 shown in FIG. 34
is a member having the substantially equal acoustic imped-
ance as the living body test region 97. Examples of the acous-
tic matching substance include rubber, a soft solid such as
resin, a liquid, and sol or gel. Preferably, the acoustic coupling
element 28 is arranged in the surface in which at least one of
the acoustic wave generator 24 and the acoustic wave detector
25 is in contact with living body test region 97, and the
reflection/scattering can be decreased at the surface which is
in contact with the living body test region by arranging the
acoustic coupling element 28.

[1063] The drive unit 27 shown in FIG. 34 moves the posi-
tion at least one of the acoustic wave generator 24 and the
acoustic wave detector 25. For example, the excitation light
source 23 and the acoustic wave generator 24 may be fixed by
a structure such that the optical axis of the excitation light
source 23 coincides with the transmission window 29 of the
acoustic wave generator 24, and the excitation light source 23
and the acoustic wave generator 24 may be rotated around the
living body test region 97 while the positions of the excitation
light source 23 and the acoustic wave generator 24 are main-
tained. The excitation light source 23 and the acoustic wave
generator 24 may be moved on the circumference. The dis-
tance between the excitation light source 23 and the acoustic
wave generator 24 may be varied on the circumference. The
excitation light source 23 and the acoustic wave generator 24
may be moved on the surface which is in contact with the
living body test region 97. The excitation light source 23 and
the acoustic wave generator 24 may three-dimensionally be
moved. In FIG. 34, the specific drive mechanism of the drive
unit 27 is neglected.

[1064] In the drive unit 27, the acoustic wave detector 25
may be fixed while the acoustic wave generator 24 is mov-
able. The acoustic wave generator 24 may be fixed while the
acoustic wave detector 25 is movable. Both the acoustic wave
generator 24 and the acoustic wave detector 25 may be mov-
able. In the drive unit 27, the excitation light source 23 may be
movable. In the drive unit 27, the excitation light source 23
may be moved while simultaneously operating with the
acoustic wave generator 24. Because the excitation light
source 23 simultaneously operates with the acoustic wave
generator 24, the excitation light source 23 can automatically
be moved to the position suitable to the measurement. The
drive unit 27 may be operated by an instruction from the
control unit 26.

[1065] The acoustic wave generator 24 is moved with the
drive unit 27 by including the above-described drive unit 27,
and the influence of the scatterer can be examined in each
region in the living body test region 97 using the acoustic
wave 2. Therefore, a transmission property of the photoa-
coustic signal 3 can be estimated in the propagation path of
the photoacoustic signal 3. At least one of the irradiation
angle and the irradiation position of the intensity modulated
light 1 to the living body test region 97 is changed by moving
the excitation light source 23 in conjunction with the acoustic
wave generator 24, the acoustic wave 2 is monitored in each
case such that the acoustic wave 2, which reaches the acoustic
wave detector 25 from the acoustic wave generator 24,
becomes a particular value, and the influence of the reflected/
scattered scatterer on the photoacoustic signal is detected in
each propagation path. Therefore, the photoacoustic signal
can be detected in the detected optimum arrangement.
[1066] The control unit 26 shown in FIG. 34 controls the
drive unit 27 such that the intensity of the acoustic wave 2
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detected by the acoustic wave detector 25 becomes the par-
ticular value. For example, the control unit 26 determines the
position where the intensity of the acoustic wave 2 becomes
the particular value from the signal intensity of the output
signal 4 having the signal intensity which is outputted from
the acoustic wave detector 25 and proportional to the acoustic
pressure of the acoustic wave 2, and the control unit 26
outputs the control signal 5 to the drive unit 27. The particular
value is, the maximum value in the acoustic waves 2 detected
by the acoustic wave detector 25. The photoacoustic signal 3
can be detected in the arrangement in which the reflection/
scattering become the minimum by setting the acoustic wave
2 at the maximum value. The particular value may be a value
which is previously determined before the measurement.
When the predetermined value is set at the particular value,
the acoustic wave 2 having the constant intensity is outputted,
the propagation path is scanned such that the acoustic wave 2
is detected in the predetermined intensity, and the photoa-
coustic signal 3 is detected in the propagation path. Therefore,
the photoacoustic signals 3 having the substantially same
influence of reflection/scattering can be detected. Accord-
ingly, the photoacoustic signal 3 can automatically be
detected in the detected optimum arrangement.

[1067] For example, a comparison circuit which compared
two degrees or more of signal intensity, can be used as the
comparison of the signal intensity. The output signals 4 to be
compared may be electric signals converted into direct-cur-
rent signals with a smoothing circuit. The drive unit may be
controlled by a small oscillation method in which the two
consecutively detected degrees of signal intensity are com-
pared to move the drive unit toward the direction having the
larger signal intensity.

[1068] Either the excitation light source 23 or the acoustic
wave detector 25 may be moved by the control signal 5. In the
case where the excitation light source 23 and the acoustic
wave generator 24 are integrated, the acoustic wave generator
24 may be moved by the control signal 5. The excitation light
source 23, the acoustic wave generator 24, and the acoustic
wave detector 25 may be moved by the control signal 5. The
drive unit 27 is controlled such that the intensity of the acous-
tic wave 2 detected by the acoustic wave detector 25 becomes
the particular value, which allows the photoacoustic signal 3
to be automatically detected in the optimum propagation
path.

[1069] An operation of the blood constituent concentration
measuring apparatus will be described with reference to FIG.
34. The living body test region 97 such as the finger is inserted
between the acoustic wave generator 24 and the acoustic
wave detector 25, and the drive unit 27 brings the acoustic
wave generator 24 and the acoustic wave detector 25 into
contact with living body test region 97. Then, the acoustic
wave 2 is generated and outputted from the acoustic wave
generator 24. The outputted acoustic wave 2 is transmitted
through the acoustic coupling element 28 arranged in the
acoustic wave generator 24, the living body test region 97,
and the acoustic coupling element 28 arranged in the acoustic
wave detector 25, and the outputted acoustic wave 2 is
detected by the acoustic wave detector 25. The detected
acoustic wave 2 is converted into the electric signal propor-
tional to the acoustic pressure, a phase sensitive amplifier (not
shown) included in the acoustic wave detector 25 performs
the integration and averaging processes to the electric signal,
and the output signal 4 is outputted. The control unit 26
obtains the output signal 4 as a reference signal in a first state
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set by the drive unit 27. Then, the control unit 26 sets a second
state in which the output position is changed with respect to
the living body test region 97 by the drive unit 27, and the
same measurement as the first state is performed. Thus, the
control unit 26 obtains the reference signal in each output
position. When the acoustic wave 2 is detected predetermined
times or in the predetermined range, the operation of the
acoustic wave generator 24 is stopped.

[1070] The control unit 26 compares the degrees of inten-
sity in each time of the detection of the reference signal to
specify the position where the intensity of the particular value
is obtained. At this point, it is assumed that the particular
value is the maximum value in the acoustic waves 2 detected
by the acoustic wave detector 25. The control unit 26 outputs
the control signal 5 to the drive unit 27 such that the detection
can be performed at the position where the intensity of the
particular value is obtained. The drive unit 27 moves the
excitation light source 23, the acoustic wave generator 24,
and the acoustic wave detector 25 to positions such that the
detection can be performed at the position where the intensity
of the particular value is obtained. The excitation light source
23 outputs the intensity modulated light 1 from the moved
position. The intensity modulated light 1 is transmitted
through the transmission window 29, and the living body test
region 97 is irradiated with the intensity modulated light 1.
The photoacoustic signal 3 generated in the living body test
region 97 is detected by the acoustic wave detector 25. Simi-
larly to the acoustic wave 2, the detected photoacoustic signal
3 is outputted as the output signal 4 from the acoustic wave
detector 25. The drive unit 27 may change not the output
position of the acoustic wave 2 outputted from the acoustic
wave generator 24, but the output angle to the living body test
region 97. The photoacoustic signal 3 is detected by the above
operation, which allows the photoacoustic signal 3 to be
detected in the arrangement in which the influences of the
reflection/scattering become the minimum.

[1071] Another operation of the blood constituent concen-
tration measuring apparatus will further be described with
reference to FIG. 34. The living body test region 97 such as
the finger is inserted between the acoustic wave generator 24
and the acoustic wave detector 25, and the drive unit 27 brings
the acoustic wave generator 24 and the acoustic wave detector
25 into contact with living body test region 97. Then, the
acoustic wave 2 is generated and outputted from the acoustic
wave generator 24. The acoustic wave 2 is transmitted
through the acoustic coupling element 28 arranged in the
acoustic wave generator 24, the living body test region 97,
and the acoustic coupling element 28 arranged in the acoustic
wave detector 25, and the outputted acoustic wave 2 is
detected by the acoustic wave detector 25. The detected
acoustic wave 2 is converted into the electric signal propor-
tional to the acoustic pressure, the phase sensitive amplifier
(not shown) included in the acoustic wave detector 25 per-
forms the integration and averaging processes to the electric
signal, and the output signal 4 is outputted. The control unit
26 obtains the output signal 4 as the reference signal in the
first state set by the drive unit 27.

[1072] Then, the operation of the acoustic wave generator
24 is stopped, and the living body test region 97 is irradiated
with the intensity modulated light 1 which is outputted from
the excitation light source 23 and transmitted through the
transmission window 29. Similarly to the acoustic wave 2, the
photoacoustic signal 3 detected by the acoustic wave detector
25 is outputted as the output signal 4 from the acoustic wave
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detector 25. The output signal 4 from the photoacoustic signal
3 becomes the actual signal in the first state. After the settings
of the acoustic wave generator 24 and acoustic wave detector
25 are completed with respect to the living body test region
97, the reference signal and the actual signal are instantly
obtained in an electronic manner, so that the position change
of the living body test region 97 caused by the body move-
ment is hardly generated.

[1073] Then, the control unit 26 sets the second state in
which the output angle and the output position are changed
with respect to the living body test region 97 by the drive unit
27, and the same measurement as the first state is performed.
In this case, only the first and second states are illustrated.
However, the measurement may be performed in three or
more states. Thus, the measurement is sequentially per-
formed, and the actual signal corresponding to the state in
which the reference signal becomes the particular value can
be utilized as the measured value. The particular value may be
the value which is previously determined before the measure-
ment. The photoacoustic signals 3 having the substantially
same influence of reflection/scattering can be detected by
utilizing the actual signal corresponding to the state, in which
the acoustic wave 2 of the predetermined signal intensity is
detected, as the measured value. Therefore, the blood con-
stituent concentration can be measured while the influences
of many parameters associated with the change in arrange-
ment of the blood constituent concentration measuring appa-
ratus are removed.

[1074] The control method of blood constituent concentra-
tion measuring apparatus according to the fifth embodiment
sequentially includes an optimum position detection proce-
dure and a photoacoustic signal detection procedure. In the
optimum position detection procedure, the acoustic wave
generator 24 outputs the acoustic wave 2 from two or more
different positions to the living body test region 97 which is of
the test subject, and the acoustic wave detector 25 which is of
the acoustic wave detection means detects the position where
the intensity of the acoustic wave 2 transmitted through the
living body test region 97 becomes the particular value. In the
photoacoustic signal detection procedure, the light generat-
ing means, the light modulation means, and the excitation
light source 23 which is of the light outgoing means irradiate
the living body test region 97 with the intensity modulated
light beams which are intensity-modulated at the constant
frequency from the positions where the intensity of the acous-
tic wave 2 becomes the particular value, and the acoustic
wave detector 25 detects the photoacoustic signal 3 emitted
from the living body test region 97.

[1075] After the influence of the reflected/scattered scat-
terer on the photoacoustic signal is detected in each propaga-
tion path by changing the propagation path of the acoustic
wave 2, the living body test region 97 is irradiated with the
intensity modulated light 1 to detect the photoacoustic signal
3 such that the photoacoustic signal 3 propagates through the
path in which the intensity of the acoustic wave 2 detected by
the acoustic wave detector 25 becomes the particular value.
Therefore, the photoacoustic signal can be detected in the
detected optimum arrangement.

[1076] In the optimum position detection procedure, pref-
erably the acoustic wave generator 24 outputs the acoustic
wave 2 to the surface of the living body test region 97. There-
fore, the generated acoustic wave 2 can efficiently be trans-
mitted to the living body test region 97.
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[1077] 1In the photoacoustic signal detection procedure,
preferably the excitation light source 23 irradiates the living
body test region 97 with the intensity modulated light 1
through the transmission window which is provided in a part
of the acoustic wave generator 24 and transparent to the
intensity modulated light 1. The excitation light source 23 can
irradiate the living body test region 97 with the intensity
modulated light 1 from above the acoustic wave generator 24.
Accordingly, the living body test region 97 can be irradiated
with the intensity modulated light 1 at the substantially same
position as the position of the acoustic wave generator 24
where the optimum acoustic wave 2 is detected.

[1078] Inthe light outgoing procedure, as described above,
the excitation light source 23 generates the two light beams
having the mutually different wavelengths A, and A,, the
excitation light source 23 intensity-modulates the two light
beams having the mutually different wavelengths A, and A,
into the intensity modulated light 1 having the same fre-
quency and reverse phases, and the excitation light source 23
outputs the intensity modulated light 1.

[1079] In the optimum position detection procedure, pref-
erably the acoustic wave generator 24 outputs the acoustic
wave 2 having the substantially same frequency as the fre-
quency of the intensity modulated light 1. Because the scat-
terer can be detected with the acoustic wave 2 having the same
frequency as the detected photoacoustic signal 3, the influ-
ence of the scatterer on the photoacoustic signal 3 can be
examined more correctly.

[1080] In the optimum position detection procedure, pref-
erably the acoustic wave generator 24 increases and decreases
the intensity of the outputted acoustic wave 2 according to the
intensity of the acoustic wave 2 detected by the acoustic wave
detector 25. Because the intensity of the acoustic wave 2
outputted from the acoustic wave generator 24 is increased or
decreased according to the intensity of the acoustic wave 2
detected by the acoustic wave detector 25, the detected inten-
sity can be compared even if the intensity detected by the
acoustic wave detector 25 is small.

[1081] In the optimum position detection procedure, pref-
erably the acoustic wave generator 24 and the acoustic wave
detector 25 are pressed against the living body test region 97
to detect the acoustic wave 2 with the pressuring force in
which the pressure can be controlled. Because the pressure at
which the acoustic wave generator 24 and the acoustic wave
detector 25 are pressed against the living body test region 97
is variable, the pressure at which the acoustic wave generator
24 and the acoustic wave detector 25 come into contact with
the living body test region 97 can be maintained at a constant
pressure. Therefore, the influence of the pressure pressing the
living body test region 97 can be reduced.

[1082] Thecircuit diagram of the blood constituent concen-
tration measuring apparatus shown in FIG. 34 may includes
pressing means (not shown) for pressing the acoustic wave
generator and the acoustic wave detector against the living
body test region with the pressuring force in which the pres-
sure can be controlled. For example, a U-shape arm in which
the acoustic wave generator and the acoustic wave detector
are fixed to both ends can be used as the pressing means. The
arm can change the distance between the acoustic wave gen-
erator and the acoustic wave detector to vary the pressure at
which the acoustic wave generator and the acoustic wave
detector are pressed against the living body test region. There-
fore, the pressure at which the acoustic wave generator and
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the acoustic wave detector come into contact with the living
body test region can be maintained at a constant pressure.

[1083] InFIG. 34, the living body test region 97 is set at the
finger of human body. However, an animal, a bird, and plants
such as fruit and vegetable may be used as the object to be
measured. The object to be measured includes a pipe through
which a liquid flows and the container such as a bottle and a
tank in which the liquid, sol or gel is reserved. For example,
when the object to be measured is the fruit, the sugar of the
fruit can be measured in the noninvasive manner.

[1084] As described above, the blood constituent concen-
tration measuring apparatus according to the fifth embodi-
ment detects the arrangement in which the positional relation-
ship between the generation source of the photoacoustic
signal and the acoustic wave detector becomes optimum.
Therefore, the photoacoustic signal is detected in the opti-
mum arrangement in which the scatterer such as the bone has
a little influence on the photoacoustic signal, and the blood
constituent concentration can be measured. The photoacous-
tic signal is detected in the arrangement in which the signal
intensity of the detected acoustic wave becomes the predeter-
mined value. Therefore, the blood constituent concentration
can be measured while the influences of many parameters
associated with the change in arrangement of the blood con-
stituent concentration measuring apparatus are removed.

EXAMPLES

[1085] Specific examples in the fifth embodiment will be
described below.

First Example

[1086] A first example of the blood constituent concentra-
tion measuring apparatus according to the fifth embodiment
of the invention will be described with reference to FIG. 36.
FIG. 36 is a circuit diagram of the blood constituent concen-
tration measuring apparatus according to the first example.
An acoustic wave generator 404 is connected to an oscillator
403. A hole 410 which is of the outgoing window, is made in
the acoustic wave generator 404. The hole 410 is large enough
to irradiate the test subject 405 with the intensity modulated
light 1 from above the test subject 405. The acoustic wave
generator 404 generates the acoustic wave 2 in association
with the oscillation frequency of the oscillator 403. The
acoustic wave 2 passes through the test subject 405, and an
acoustic wave detector 407 detects the acoustic wave 2
through an acoustic coupling element 406, and the acoustic
wave detector 407 converts the acoustic wave 2 into the
output signal 4 proportional to the acoustic pressure. The
waveform of the output signal 4 is observed by a phase sen-
sitive amplifier 408, and the output signal 4 is outputted to an
output terminal 409. The phase sensitive amplifier 408 is
triggered by the signal synchronized with the frequency of the
oscillator 403, and the phase sensitive amplifier 408 can mea-
sure the output signal 4 while performing the integration and
averaging to the output signal 4. The acoustic wave 2 genet-
ated from the acoustic wave generator 404 is detected while
the arrangement of the acoustic wave detector 407 and the
pressing force against the test subject 405 are changed. The
signalintensity of the detected acoustic wave 2 is sequentially
measured, and the acoustic wave detector 407 is fixed to the
position where the intensity becomes the particular value.
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The optimum arrangement among the devices is realized
while avoiding the influence of the reflection/scattering in the
living body.

[1087] On the other hand, the oscillator 403 is also con-
nected to a drive power supply 402. The drive power supply
402 supplies the rectangular excitation current associated
with the oscillation frequency of the oscillator 403 to a semi-
conductor laser device 401.

[1088] After the arrangement among the devices is cali-
brated, the semiconductor laser device 401 generates the
intensity modulated light 1 while the intensity modulation is
performed in the frequency of the oscillator 403. The test
subject 405 is irradiated with the intensity modulated light 1
passing through the hole 410 made in the center of the acous-
tic wave generator 404. The intensity modulated light 1 gen-
erates the photoacoustic signal 3 in the test subject 405. The
photoacoustic signal 3 is detected through the acoustic cou-
pling element 406 by the acoustic wave detector 407, and the
photoacoustic signal 3 is converted into the output signal 4
proportional to the acoustic pressure. The waveform of the
output signal 4 is observed by the phase sensitive amplifier
408. The phase sensitive amplifier 408 is triggered by the
signal synchronized with the frequency of the oscillator 403,
and the phase sensitive amplifier 408 can measure the output
signal 4 while performing the integration and averaging to the
output signal 4. The measured signal is outputted to the out-
side from the output terminal 409.

[1089] In the above configuration, the acoustic wave gen-
erator 404 has the diameter of about 30 mm, the acoustic wave
generator 404 has the hole in the center, and the hole has the
radius of 10 mm. The acoustic wave generator is brought into
close contact with the test subject 405 through the ultrasonic
wave gel. The generated acoustic wave 2 is 200 kHz, and the
acoustic wave 2 is controlled by the oscillator 403.

[1090] The acoustic wave detector 407 is the frequency flat
type electrostrictive device (PZT) into which the field effect
transistor (FET) amplifier is incorporated. The ultrasonic
wave gel is used as the acoustic coupling element 406. In the
above configuration, the signal intensity of Vr=1 to 15 mV is
obtained as the output signal 4 corresponding to the acoustic
wave 2 at the output terminal 409 of the phase sensitive
amplifier 408 in which the time constant is set at 0.1 second.
Therefore, the optimum arrangement is fixed to the position
where Vr=15 mV is detected.

[1091] On the other hand, the wavelength of the semicon-
ductor laser device 401 is set at 1608 nm. The wavelength of
1608 nm corresponds to the absorption wavelength of glu-
cose. The modulation frequency in which the intensity modu-
lated light 1 is intensity-modulated is set at 200 kHz, and the
output of the intensity modulated light 1 is 5.0 mW.

[1092] The light beam diameter with which the test subject
405 is irradiated is set at 2.7 mm such that the Fresnel number
becomes 0.1 while the distance between the acoustic wave
detector 407 and the position of the test subject 405 irradiated
with the beam is set at 10 mm.

[1093] In this state of things, the irradiation intensity to the
skin with the output light of the semiconductor laser device
401 is 0.22 mW/mm?® in the output light of the semiconductor
laser device 401, and the irradiation intensity is in the safe
level which is lower than a half of the maximum tolerance.
However, preferably the light shielding hood (not shown) is
placed at the position where the test subject 405 is arranged
such that the light is reflected or scattered from the acoustic
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coupling element 406 does not leak outside during the mea-
surement or during the test subject 405 is not placed.

[1094] The acoustic wave detector 407 is the frequency flat
type electrostrictive device (PZT) into which the field effect
transistor (FET) amplifier is incorporated. The ultrasonic
wave gel is used as the acoustic coupling element 406. In the
above configuration, in the case where the test subject 405 is
irradiated only with the intensity modulated light 1 outputted
from the semiconductor laser device 401, the signal intensity
of Vr=20 uV is obtained as the output signal 4 corresponding
to the photoacoustic signal 3 at the output terminal 409 of the
phase sensitive amplifier 408 in which the time constant is set
at 0.1 second.

[1095] Thus, before the photoacoustic measurement, the
arrangement is calibrated using the acoustic wave 2 generated
by the acoustic wave generator 404 as the reference signal, the
output signal 4 proportional to the acoustic pressure of the
photoacoustic signal 3 is measured by the semiconductor
laser device 401, and the photoacoustic signal 3 correspond-
ing to the glucose absorption in the test subject 405 is mea-
sured.

Second Example

[1096] A second example will be described with reference
to FIG. 36. The acoustic wave generator is connected to the
oscillator. The hole is made in the acoustic wave generator
404, and the hole is large enough to irradiate the test subject
405 with the excitation light from above the test subject 45.

[1097] The acoustic wave generator 404 generates the
acoustic wave 2 in association with the oscillation frequency
of the oscillator 403. The acoustic wave 2 passes through the
test subject 405, and the acoustic wave detector 407 detects
the acoustic wave 2 through the acoustic coupling element
406, and the acoustic wave detector 407 converts the acoustic
wave 2 into the output signal 4 proportional to the acoustic
pressure. The phase sensitive amplifier 408 can measure the
waveform of the output signal 4 while performing the inte-
gration and averaging to the output signal 4. The acoustic
wave 2 generated from the acoustic wave generator 404 is
detected while the arrangement of the acoustic wave detector
407 and the pressing force against the test subject 405 are
changed. The signal intensity of the detected acoustic wave 2
is sequentially measured, and the acoustic wave detector 407
is fixed to the position where the intensity becomes the pat-
ticular value. The optimum arrangement among the devices is
realized while avoiding the influence of the reflection/scat-
tering in the living body.

[1098] On the other hand, the oscillator 403 is also con-
nected to the drive power supply 402. The drive power supply
402 supplies the rectangular excitation current to the semi-
conductor laser device 401.

[1099] After the arrangement among the devices is cali-
brated, the semiconductor laser device 401 generates the
intensity modulated light 1 while the intensity modulation is
performed in the frequency of the oscillator 403. The test
subject 405 is irradiated with the intensity modulated light 1
passing through the hole 410 made in the center of the acous-
tic wave generator 404. The intensity modulated light 1 gen-
erates the photoacoustic signal 3 in the test subject 405. The
photoacoustic signal 3 is detected through the acoustic cou-
pling element 406 by the acoustic wave detector 407, and the
photoacoustic signal 3 is converted into the output signal 4
proportional to the acoustic pressure. The waveform of the
output signal 4 is observed by the phase sensitive amplifier
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408. The phase sensitive amplifier 408 is triggered by the
signal synchronized with the frequency of the oscillator 403,
and the phase sensitive amplifier 408 can measure the output
signal 4 while performing the integration and averaging to the
output signal 4. The measured signal is outputted to the out-
side from the output terminal 409.

[1100] In the above configuration, the acoustic wave gen-
erator 404 has the diameter of about 30 mm, the acoustic wave
generator 404 has the hole in the center, and the hole has the
radius of 10 mm. The acoustic wave generator is brought into
close contact with the test subject 405 through the ultrasonic
wave gel. The generated acoustic wave 2 is 200 kHz, and the
acoustic wave 2 is controlled by the oscillator 403.

[1101] The acoustic wave detector 407 is the frequency flat
type electrostrictive device (PZT) into which the FET (Field
Effect Transistor) amplifier is incorporated. The ultrasonic
wave gel is used as the acoustic coupling element 406. In the
above configuration, the signal intensity of Vr=1 to 15 mV is
obtained as the output signal 4 corresponding to the acoustic
wave 2 at the output terminal 409 of the phase sensitive
amplifier 408 in which the time constant is set at 0.1 second.
Therefore, the optimum arrangement is fixed to the position
where Vr=15 mV is detected.

[1102] On the other hand, the wavelength of the semicon-
ductor laser device 401 is set at 1608 nm. The wavelength of
1608 nm corresponds to the absorption wavelength of glu-
cose. The intensity modulation frequency is set at 200 kHz,
and the output is 5.0 mW.

[1103] The beam diameter of the intensity modulated light
1 with which the test subject 405 is irradiated is set at 2.7 mm
such that the Fresnel number N becomes 0.1 while the dis-
tance between the acoustic wave detector 407 and the position
of the test subject 405 irradiated with the beam is set at 10
mm.

[1104] In this state of things, the irradiation intensity to the
skin of the test subject 405 with the output light of the semi-
conductor laser device 401 is 0.22 mW/mm?, and the irradia-
tion intensity is in the safe level which is lower than a half of
the maximum tolerance. However, preferably the light shield-
ing hoods (not shown) is placed at the position where the test
subject 405 is arranged such that the light reflected or scat-
tered from the acoustic coupling element 406 does not leak
outside during the measurement or during the test subject 405
is not placed.

[1105] The acoustic wave detector 407 is the frequency flat
type electrostrictive device (PZT) into which the FET (Field
Effect Transistor) amplifier is incorporated. The ultrasonic
wave gel is used as the acoustic coupling element 406. In the
above configuration, in the case where the test subject 405 is
irradiated only with the intensity modulated light 1 outputted
from the semiconductor laser device 401, the signal intensity
of Vr=20 uV is obtained as the output signal 4 corresponding
to the photoacoustic signal 3 at the output terminal 409 of the
phase sensitive amplifier 408 in which the time constant is set
at 0.1 second.

[1106] After the above measurement is performed, the
measuring apparatus is detached, and the same measurement
is performed again. The acoustic wave 2 generated from the
acoustic wave generator 404 is detected while the arrange-
ment of the acoustic wave detector 407 and the pressing force
against the test subject 405 are changed. The signal intensity
of Vr=1 to 15 mV is obtained as the output signal 4 corre-
sponding to the acoustic wave 2 at the output terminal 409 of
the phase sensitive amplifier 408 in which the time constant is
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set at 0.1 second. Therefore, the optimum arrangement is
fixed to the position where Vr=15 mV is detected.

[1107] When the photoacoustic signal 3 generated by the
semiconductor laser device 401 is measured at the fixed posi-
tion using the phase sensitive amplifier 408, the signal inten-
sity of Vr=20 pV is obtained.

[1108] Thus, in performing the re-measurement, the
arrangement is calibrated by utilizing the acoustic wave 2
generated by the acoustic wave generator 404 as the reference
signal, which allows the measurement to be performed with
good reproducibility for the measurement of the photoacous-
tic signal 3.

Sixth Embodiment

[1109] A blood constituent concentration measuring appa-
ratus according to a sixth embodiment includes light gener-
ating means for generating two light beams having different
wavelengths; light modulation means for electrically inten-
sity-modulating each of the two light beams having the mutu-
ally different wavelengths using signals having the same fre-
quency and reverse phases; light outgoing means for
multiplexing into one light flex to output the intensity-modu-
lated two light beams having the mutually different wave-
lengths toward a living body; acoustic wave detection means
for detecting an acoustic wave generated in the living body by
the outputted light; and enduing means for mounting at least
the light outgoing means and the acoustic wave detection
means, the enduing means having an annular portion in which
the living body is fitted while surrounding the living body.
The blood constituent concentration measuring apparatus of
the sixth embodiment is characterized in that the light outgo-
ing means and the acoustic wave detection means are
arranged inside the annular portion of the enduing means in a
portion which is in contact with the living body. The enduing
means according to the sixth embodiment can also applied in
the blood constituent concentration measuring apparatus
according to the first embodiment, the second embodiment,
the third embodiment, the fourth embodiment, and the fifth
embodiment.

[1110] Particularly, in the blood constituent concentration
measuring apparatus according to the sixth embodiment, the
light generating means effectively sets one of the light wave-
lengths of the two light beams at the wavelength in which the
blood constituent exhibits the characteristic absorption, and
the light generating means effectively sets the other light
wavelength at the wavelength in which the water exhibits the
absorption parallelly equal to that in one of the light wave-
lengths.

[1111] A basic configuration of a measuring system of the
blood constituent concentration measuring apparatus accord-
ing to the sixth embodiment will be described with reference
to FIG. 37. FIG. 37 shows the basic configuration of the
measuring system of the blood constituent concentration
measuring apparatus according to the sixth embodiment. The
components concerning the later-mentioned mounting tech-
nique and the components, such as a power supply, which can
be realized by the conventional techniques are not shown in
FIG. 37.

[1112] In FIG. 37, the first light source 101 which is of a
part of the light generating means is intensity-modulated in
synchronization with the oscillator 103 which is of a part of
the light modulation means by the drive circuit 104 which is
of a part of the light modulation means.
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[1113] On the other hand, the second light source 105
which is of a part of the light generating means is intensity-
modulated in synchronization with the oscillator 103 which is
ofapart of the light modulation means by the drive circuit 108
whichisofapart of the light modulation means. However, the
output of the oscillator 103 is supplied to the drive circuit 108
through the 180°-phase-shift circuit 107 which is of a part of
the light modulation means. As a result, the second light
source 105 is configured so as to be intensity-modulated with
the signal whose phase is changed by 180° with respect to the
light source 101.

[1114] In the wavelengths of the first light source 101 and
the second light source 105 shown in FIG. 37, one of the light
wavelengths of the two light beams is set at the wavelength in
which the blood constituent exhibits the characteristic
absorption, and the other light wavelength is set at the wave-
length in which the water exhibits the absorption parallelly
equal to that in one of the light wavelengths.

[1115] By way of example, in the case where the blood
constituent ofthe measuring object is set at glucose, i.e., inthe
case where the blood sugar level is measured, it is effective
that the wavelength (A, ) of the first light source 101 is set at
1608 nm and the wavelength (A,) of the second light source
105 is set at 1381 nm. In the case of the longer wavelength
band, it is effective that the wavelength (A,) of the first light
source 101 is set at 2126 nm and the wavelength (A, ) of the
second light source 105 is set at 1837 nm or 2294 nm. FIG. 7
shows a relationship between the wavelength (2.,) of the first
light source 101 and the wavelength () of the second light
source 105.

[1116] Thefirstlight source 101 and the second light source
105 output the light beams having the different wavelengths
respectively, the outputted light beams are multiplexed into
one light flux by the coupler 109 which is of the light outgoing
means, and the multiplexed light is outputted to the living
body test region 110. The acoustic waves, i.e., the photoa-
coustic signals generated in the living body test region 110 by
the light beams outputted from the first light source 101 and
the second light source 105 are detected by the ultrasonic
detector 113 which is of a part of the acoustic wave detection
means, and the photoacoustic signals are converted into the
electric signals proportional to the acoustic pressures of the
photoacoustic signals. The phase sensitive amplifier 114
which is of a part of the acoustic wave detection means
synchronized with the oscillator 103 performs the synchro-
nous detection to the electric signal, and the electric signal
proportional to the acoustic pressure is outputted to the output
terminal 115.

[1117] At this point, the intensity of the signal outputted to
the output terminal 115 is proportional to a light quantity in
which the light beam outputted from each of the first light
source 101 and the second light source 105 is absorbed by the
constituent in the living body test region 110, so that the
signal intensity is proportional to the mount of constituent in
the living body test region 110. Accordingly, the blood con-
stituent concentration computation means (mot shown) com-
putes the mount of constituent of the measuring object in the
blood of the living body test region 110 from the measured
value of the intensity of the signal outputted to the output
terminal 115.

[1118] In the blood constituent concentration measuring
apparatus according to the embodiment, the two light beams
having the different wavelengths outputted from the first light
source 101 and the second light source 105 are intensity-
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modulated using the signals having the same period, i.e., the
same frequency. Therefore, the blood constituent concentra-
tion measuring apparatus according to the sixth embodiment
has a feature that the blood constituent concentration measur-
ing apparatus according to the sixth embodiment is not
affected by the unevenness of the frequency characteristics of
the ultrasonic detector 113. This is the excellent point as
compared with the currently existing techniques.

[1119] In the blood constituent concentration measuring
apparatus according to the sixth embodiment, the light modu-
lation means is effectively formed by light modulation means
for performing the modulation at the same frequency as the
resonant frequency concerning the detection of the acoustic
wave generated in the living body.

[1120] Thus, the two light beams having different wave-
lengths is modulated with the same frequency as the resonant
frequency concerning the detection of the acoustic wave gen-
erated in the living body, which allows the acoustic wave
generated in the living body to be detected with high sensi-
tivity.

[1121] On the other hand, the non-linear absorption coeffi-
cient dependence existing in the measured value of the pho-
toacoustic signal, which becomes troublesome in the conven-
tional technique, can be solved by performing the
measurement using the light beams having the plural wave-
lengths for giving the equal absorption coefficient in the
blood constituent concentration measuring apparatus accord-
ing to the sixth embodiment. That will be described below.
[1122] That is, in the case where background absorption
coefficients o, ”’, 0, and molar absorptions o, ”, a,” of
the blood constituent set as the measuring object are already
known for light beams having a wavelength A, and a wave-
length A, respectively, the simultaneous equations including
measured values s; and s, of the photoacoustic signal in the
wavelengths are expressed by the formula (1).

[1123] The unknown blood constituent concentration M is
determined by solving the formula (1). Where C is a variable
coefficient which is hardly controlled or calculated, i.e., C is
an unknown multiplier depending on an acoustic coupling
state, ultrasonic detector sensitivity, a distance between the
light outgoing means and the acoustic wave detection means
(hereinafter defined as r), specific heat, a thermal expansion
coefficient, sound velocity, the modulation frequency, and the
absorption coefficient.

[1124] When the difference is generated in C of the first line
and the second line of the formula (1), the difference is an
amount concerning the irradiation light, i.e., the difference by
the absorption coefficient. At this point, when a combination
of the wavelength A, and the wavelength 2., is selected such
that the parentheses of the lines of the formula (1), i.e., the
absorption coefficients are equal to each other, the absorption
coefficients are equal to each other, and C in the first line is
equal to C in the second line. However, when the above
operation is exactly performed, it is inconvenient because the
combination of the wavelength A, and the wavelength A,
depends on the unknown blood constituent concentration M.
[1125] At this point, the background (0, i=1 and 2) is
remarkably larger than a term (Mai®) including the blood
constituent concentration M in an occupying ratio in the
absorption coefficient (parenthesis in each line) of the for-
mula (1). That is, the two light beams having the mutually
different wavelength A, and wavelength A, may be selected
such that the absorption coefficients o, and 0, of the
background are equal to each other. Thus, when C in the first
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line is equalized to C in the second line, Cs are deleted as an
unknown constant, and the blood constituent concentration M
of the measuring object is expressed by the following formula
(4). In the deformation of the rear stage of the formula (4),
quality of s, =s, is used.

[1126] Referring to the formula (4), in the denominator, the
difference in absorption coefficient of the blood constituent of
the measuring object emerges in wavelength A, and wave-
length A, . As the difference is increased, the difference signal
s,—s, of the photoacoustic signal is increased, and the mea-
surement becomes easy. In order to maximize the difference,
the wavelength in which the constituent absorption coeffi-
cient 0., of the measuring object becomes the maximum is
selected as the wavelength A, and the wavelength in which
a,”=0, i.e., the constituent of the measuring object does not
exhibit the absorption characteristics is selected as the wave-
length . At this point, in the second wavelength A, it is
necessary that a,=a,?, i.., the background absorption
coefficient is equal to the absorption coefficient of the first
wavelength 2.

[1127] In the formula (4), the photoacoustic signal s,
emerges only in the form of the difference of s, —s, between
the photoacoustic signal s, and the photoacoustic signal s,.
For example, when glucose is set at the constituent of the
measuring object, as described above, there is only the dif-
ference 0.1% or less between the intensity of the photoacous-
tic signal s, and the intensity of the photoacoustic signal s,.
[1128] However, in the denominator of the formula (4), it is
sufficient that the photoacoustic signal s, has the accuracy of
about 5%. Accordingly, the accuracy is easily kept in mea-
suring the difference s,—s, between the photoacoustic signal
s, and the photoacoustic signal s, to divide the measured
value by the separately measured photoacoustic signal s,
rather than sequentially separately measuring the photoa-
coustic signal s, and the photoacoustic signal s,. Accordingly,
in the blood constituent concentration measuring apparatus
according to the sixth embodiment, when the light beams
having the wavelength A | and the wavelength A, are intensity-
modulated into the light beams having the reverse phases to
irradiate the living body, and the difference signal s, -s, of the
photoacoustic signals is measured. The difference signal
$,—s, of the photoacoustic signals is generated in the living
body while the photoacoustic signal s, and the photoacoustic
signal s, are mutually superposed.

[1129] As described above, in measuring the blood con-
stituent concentration, using the two light beams having the
mutually different particular wavelengths, the measurement
is performed not by separately measuring the photoacoustic
signals generated in the living body, but by measuring the
difference between the photoacoustic signals, one of the pho-
toacoustic signals is measured while the other photoacoustic
signal is set to zero, and the measured values are computed by
the formula (4). Therefore, the blood constituent concentra-
tion can easily be measured.

[1130] A mounting structure of the blood constituent con-
centration measuring apparatus according to the sixth
embodiment will be described below. FIG. 38 shows a con-
figuration of an enduing means of the blood constituent con-
centration measuring apparatus according to the sixth
embodiment. In an enduing unit 130 which is of the enduing
means shown in FIG. 38, at least a light irradiation unit 133
which is of the light outgoing means and an ultrasonic detec-
tion unit 135 which is of the acoustic wave detection means
are mounted inside an annular support frame 132 having an
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annular shape surrounding a living body 131 which is of the
test subject. In FIG. 38, the light irradiation unit 133 and the
ultrasonic detection unit 135 are mounted in the surface
which is in contact with the living body 131 inside the annular
support frame 132, and the light irradiation portion of the
light irradiation unit 133 and the ultrasonic wave reception
portion of the ultrasonic detection unit 135 are mounted while
facing each other across the living body 131.

[1131] In the enduing unit 130 having the above structure,
the living body 131 is securely held, the movement and the
change in shape of the living body 131 are effectively mini-
mized, the constant thickness of the living body 131 is main-
tained between the light irradiation unit 133 and the ultra-
sonic detection unit 135, the change in shape of the living
body 131 is suppressed near the ultrasonic detection unit 135,
and the change in reflection of the ultrasonic wave from the
living body 131 is decreased near the ultrasonic detection unit
135. Therefore, the blood constituent concentration can cor-
rectly be measured.

[1132] As described above, the light irradiation unit 133
and the ultrasonic detection unit 135 are arranged at the while
substantially facing each other in the annular portion of the
enduing unit 130. Therefore, the ultrasonic wave generated in
the living body 131 by the light emitted from the light irra-
diation unit 133 can efficiently be detected by the ultrasonic
detection unit 135.

[1133] In the blood constituent concentration measuring
apparatus of the sixth embodiment, preferably a cushioning
material layer having the acoustic impedance close to that of
the living body is arranged at least half around a portion
which is in contact with the living body. The portion also
includes the point where the acoustic wave detection means is
arranged, and the portion is located inside the annular portion
of the enduing means. In the configuration of the enduing
means in the blood constituent concentration measuring
apparatus according to the sixth embodiment, as shown in
FIG. 39, the layer made of a cushioning material 136 having
the acoustic impedance close to that of the living body is
arranged at least half around the portion which is in contact
with the living body. The portion also includes the ultrasonic
detection unit 135 is arranged, and the portion is located
inside the annular portion of the enduing unit 130.

[1134] When the acoustic wave is incident to the interface
between the mediums having the acoustic impedances Z, and
7, generally the incident acoustic wave propagates while
divided into a transmitted wave and a reflected wave. A ratio
of the reflected wave to the incident wave of the acoustic
pressure is called pressure reflectivity. In the case where the
acoustic wave is normally incident to the interface, it is known
that the pressure reflectivity is expressed by the formula (4).
[1135] Because it is known that the acoustic impedance 7,
of the living body 131 is close to that of the water, the acoustic
impedance Z, is about 1.48 MRays (1 MRays=10° kg/m*'s).
On the other hand, air which is normally in contact with the
surface of the living body 131, has the acoustic impedance of
4.08x10* MRays, and there is a difference more than three
figures between the acoustic impedance values. As a result,
the pressure reflectivity exceeds 99.9% when the acoustic
wave is normally incident to the surface of the living body
131, and the pressure reflectivity is larger when the acoustic
wave is obliquely incident to the surface of the living body
131.

[1136] Suchreflection can be reduced by utilizing the cush-
ioning material 136 having the acoustic impedance close to
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that of the living body 131 to perform the acoustic matching.
For example, silicone rubber which is not harmful to the
living body 131 and is also used in a human body embedded
type medical tool typically has the acoustic impedance of
1.24 MR. The pressure reflectivity can be reduced to about
9% at the interface between air and the living body 131 by
utilizing the silicone rubber as the cushioning material 136.
[1137] In the noninvasive blood constituent concentration
measuring apparatus according to the sixth embodiment, the
living body 131 is irradiated with the light having the wave-
length 1 pm or longer. In this case, because the moisture
occupying the large part of the living body 131 exhibits the
strong absorption, a sound source is locally formed near the
skin surface immediately below the living body 131 of the
region irradiated with the light from the light irradiation unit
133, and the generated ultrasonic wave can be regarded as the
spherical wave.

[1138] As described later, because the light beam diameter
of the light irradiation unit 133 is enlarged to about 5 mm, the
sound source formed by the irradiation light exhibits a disc
shape, and the thickness of the disc depends on the absorption
length a™! of the living body 131. In the light irradiation
having the wavelength of about 1.6 um, the thickness of the
disc becomes about 1.6 mm. In the light irradiation having the
wavelength of about 2.1 um, the thickness of the disc
becomes about 0.4 mm.

[1139] Because the sound source exhibits the thin disc
shape, directivity is generated in the ultrasonic wave, and the
ultrasonic wave generated in the living body 131 propagates
in a focused way toward the direction of the ultrasonic detec-
tion unit 135. Accordingly, it is effective that the cushioning
material 136 is arranged at least half around the portion which
is in contact with the living body while including the ultra-
sonic detection unit 135. The portion is located inside the
annular portion of the enduing unit 130.

[1140] As described above, the layer made of the cushion-
ing material 136 having the acoustic impedance close to that
of the living body 131 is arranged at least half around the
portion which is in contact with the living body 131. The
portion also includes the ultrasonic detection unit 135 to be
arranged, and the portion is located inside the annular portion
of the enduing unit 130. Therefore, in the ultrasonic wave
generated in the living body 131 by the light emitted from the
light irradiation unit 133, the portion of the ultrasonic wave
which directly reaches the ultrasonic wave detection unit 135,
is efficiently detected by the ultrasonic detection unit 135.
Further, the amount of ultrasonic wave which is received by
the ultrasonic detection unit 135 as a noise after the multiple
reflection is generated at the interface between the living body
131 and the inside of the annular support frame 132 of the
enduing unit 130 is decreased. Accordingly, the blood con-
stituent concentration can be measured more correctly.
[1141] In the blood constituent concentration measuring
apparatus according to the sixth embodiment, the gap
between the cushioning material layer and the surface inside
the annular portion of the enduing means can be filled with the
sound absorbing material. As shown in FIG. 40, in the con-
figuration of the enduing means in the blood constituent con-
centration measuring apparatus according to the sixth
embodiment, the gap between the cushioning material 136
and the surface inside the annular support frame 132 of the
annular portion of the enduing unit 130 can be filled with the
sound absorbing material 137. The material which well
absorbs the ultrasonic wave is used as the sound absorbing
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material 137. For example, in the case where the silicone
rubber is used as the cushioning material 136, assuming that
the gap is not filled with the sound absorbing material 137,
when the ultrasonic wave traveling in the cushioning material
136 reaches the annular support frame 132 made of metal, the
ultrasonic wave is reflected by the surface of the annular
support frame 132 because the pressure reflectivity is about
60% between the silicone rubber and the metal. Then, the
ultrasonic wave reversely travels in the silicone rubber of the
cushioning material 136, and the ultrasonic wave reaches the
living body 131 again.

[1142] Inorderto prevent the above reflection, itis effective
that the material in which the metal oxide powders (titanium
oxide or tungsten oxide) are included in the epoxy resin is
used as the sound absorbing material 137.

[1143] As described above, the gap between the cushioning
material 136 and the surface inside the annular support frame
132 of the annular portion of the enduing unit 130 is filled
with the sound absorbing material 137, which reduces the
amount of ultrasonic wave, which is detected as the noise by
the ultrasonic detection unit 135 after the ultrasonic wave
generated in the living body 131 by the light emitted from the
light irradiation unit 133 is reflected from the interface
between the cushioning material 136 and the annular support
frame 132. Therefore, the blood constituent concentration
can correctly be measured.

[1144] In the blood constituent concentration measuring
apparatus according to the sixth embodiment, the light gen-
erating means can be formed by the light generating means in
which the two light beams having different wavelengths are
generated by plural semiconductor laser devices.

[1145] As described above, the light generating means gen-
erates the two light beams having different wavelengths with
the plural semiconductor laser devices, which allows the sig-
nificant miniaturization and weight reduction to be achieved
in the blood constituent concentration measuring apparatus
according to the sixth embodiment.

[1146] 1In the blood constituent concentration measuring
apparatus according to the sixth embodiment, preferably the
light outgoing means includes a beam diameter enlarger
which enlarges the light beam diameter generated by the light
generating means.

[1147] As described above, the light outgoing means
includes a beam diameter enlarger which enlarges the light
beam diameter generated by the light generating means.
Therefore, the light beam outputted to the living body is
enlarged, and the relatively strong light can be outputted
without affecting the reverse influence on the living body.
Accordingly, the blood constituent concentration of the living
body can be measured more correctly.

[1148] In the blood constituent concentration measuring
apparatus according to the sixth embodiment, the enduing
means is a ring in which the finger of the human body is fitted,
and the enduing means can be formed in the enduing means in
which the light outgoing means is arranged on the dorsal side
of the finger while the acoustic wave detection means is
arranged on the palm side of the finger.

[1149] As described above, the enduing means is the ring in
which the finger of the human body is fitted, the light outgo-
ing means is arranged on the dorsal side of the finger, and the
acoustic wave detection means is arranged on the palm side of
the finger. Therefore, the acoustic wave detection means eas-
ily comes into contact with the relatively soft skin in the
finger, and the acoustic wave detection means can efficiently
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measure the ultrasonic wave generated in the finger, so that
the blood constituent concentration can be measured more
correctly. Further, the light outgoing means and the acoustic
wave detection means are mounted in the inner surface of the
ring, which allows the blood constituent concentration of the
human body to be easily and continuously measured without
causing difficulties in a daily life.

[1150] In the blood constituent concentration measuring
apparatus according to the sixth embodiment, the enduing
means is a bracelet in which the arm of the human body is
fitted, and the enduing means can be formed in the enduing
means in which the light outgoing means is arranged on the
palm side of the hand while the acoustic wave detection
means 1s arranged on the dorsal side of the hand.

[1151] As described above, the enduing means is the brace-
let in which the arm of the human body is fitted, the light
outgoing means is arranged on the palm side of the hand, and
the acoustic wave detection means is arranged on the dorsal
side of the hand. Therefore, the acoustic wave detection
means easily comes into contact with the relatively soft skin
of the arm, and the acoustic wave detection means can effi-
ciently measure the ultrasonic wave generated in the arm, so
that the blood constituent concentration can be measured
more correctly. Further, the light outgoing means and the
acoustic wave detection means are mounted in the inner sur-
face of the bracelet, which allows the constituent concentra-
tion of the human body to be easily and blood continuously
measured without causing difficulties in a daily life.

EXAMPLES

[1152] Specific examples in the sixth embodiment will be
described below.

First Example

[1153] FIG. 41 shows a first example in which the blood
constituent concentration measuring apparatus according to
the sixth embodiment is applied to the human body to realize
the enduing means as the ring.

[1154] FIG. 41 shows a first example in which the blood
constituent concentration measuring apparatus according to
the sixthembodiment is fitted to thehand. In FIG. 41, the light
outgoing means and the acoustic wave detection means are
embedded in the enduing unit 207 whichis of the ring type the
enduing means in which the living body 193 which is of the
test subject is fitted, and the power supply phase, the phase
sensitive amplifier, and the blood constituent concentration
detection means are incorporated into a wristwatch type dis-
play unit 221. The power supply supplies the electric power to
the light outgoing means and the acoustic wave detection
means. The phase sensitive amplifier which is of a part of the
acoustic wave detection means amplifies the electric signal
outputted from the ultrasonic detector which is of a part of the
acoustic wave detection means. The enduing unit 207 and the
display unit 221 are connected with the connection cable 210.
[1155] A display device which plays the measured blood
constituent concentration, is provided outside the display unit
221, and at least one button for starting the measurement is
also provided. A time measuring function, a function of stor-
ing and reading the measurement concentration data, and a
communication function of transmitting the stored measured
data to the external device are also effective functions.
[1156] Desirably the connection cable 210 has stretching
properties so as not to block the hand movement, and the
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connection cable 210 is arranged between the finger extensor
tendons in the dorsal of the hand. In F1G. 41, the second finger
of the left hand is fitted in the enduing unit 207. However,
obviously the enduing unit 207 may be formed such that any
finger of the hand can be fitted in.

[1157] FIG. 42 is a view showing a state in which the ring
type enduing unit 207 is detached from the finger, and F1G. 42
shows a state in which the connection cable 210 is placed ina
ring frame 222. In order to hold the connection cable 210
between the tendons of the fingers, a lead-out portion of the
connection cable 210 is provided in the enduing unit 207
while biased from the top of a bezel of the ring. FIG. 43 show
a sectional view taken on broken line a-a of FIG. 42, i.e., the
center of the width of the frame 222.

[1158] In the section of the enduing unit 207 of FIG. 43, a
light source chip 314 which is of a part of the light generating
means and an irradiation window 313, a reflecting mirror 316,
and a concave mirror 317, which constitute the light outgoing
means, are placed in the portion corresponding to the bezel of
the ring which is located on the dorsal side (upward direction
of FIG. 43) of the finger during the fitting. On the other hand,
an ultrasonic detector 305 which is of a part of the acoustic
wave detection means is placed in the portion on the palm side
(downward direction of FIG. 43) of the finger

[1159] Because the ultrasonic detector 305 has the high
output impedance, from the viewpoint of noise, it is inadvis-
able that the output is directly guided to the display unit 221
shown in FIG. 41 through the connection cable 310. There-
fore, a preamplifier 312 is placed close to the ultrasonic
detector 305 which converts the impedance, the preamplifier
312 is connected to the output terminal of the ultrasonic
detector 305 to convert the output impedance of the ultrasonic
detector 305 into lower level, and the output signal of the
preamplifier 312 is supplied to the display unit 221 through
the connection cable 210 shown in FIG. 41.

[1160] The countermeasures for reflection of the ultrasonic
wave are made on both sides of the ultrasonic detector 305 as
shown in FIG. 43. That is, the silicone rubber which is of the
cushioning material 306, is placed about half around the
surface inside the enduing unit 207 while including a directly
overhead portion of the ultrasonic detector 305. Additionally
the gap between the cushioning material 306 and the frame
311 is filled with the sound absorbing material 307.

[1161] The semiconductor laser device may be used as the
light source chip 314 which is of the light generating means.
In addition to a compact size and a long lifetime, the semi-
conductor laser has an advantage that the intensity modula-
tion operation necessary to the photoacoustic, method can
directly be performed to the device by modulating the injec-
tion current.

[1162] When the semiconductor laser device is used as the
light source chip 314, usually the output beam 315 is a diffuse
light flux, and the beam diameter is much smaller than a beam
diameter suitable to the photoacoustic method immediately
after the light is outputted. Therefore, after the beam diameter
is enlarged, itis necessary to obtain the irradiation light 304 to
the living body. In the first example, the optical system for
enlarging the beam diameter includes the reflecting mirror
316 and the concave mirror 317. That is, the reflecting mirror
316 is placed at a distance of 1.2 mm from the outgoing end
face of the light source chip 314 with respect to the output
beam 315 having the outgoing total angle of 46° (numerical
aperture NA=0.39), and the output beam 315 is reflected
toward the concave mirror 317 located above. The concave
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mirror 317 is maintained while separated away from the
reflecting mirror 316 by 4.7 mm. The concave mirror 317
converts the incident light flux from the reflecting mirror 316
into the parallel light flux, and the concave mirror 317 reflects
the light toward the direction of the irradiation window 313
(downward of FIG. 43).

[1163] Inthe first example, the focal distance, i.e., ¥2 ofthe
radius of curvature of the concave mirror 317 is set so as to be
equal to the sum of the optical path between the outgoing end
face of the light source chip 314 and the reflecting mirror 316
and the optical path between the reflecting mirror 316 and the
concave mirror 317, so that the irradiation light 304 having
the diameter of 5.0 mm is obtained through the irradiation
window 313.

[1164] Theirradiation window 313 protects the light source
chip 314, the reflecting mirror 316, and the concave mirror
317, and the irradiation window 313 also functions as a seat
plate with which the light source chip 314 and the reflecting
mirror 316 are attached with high accuracy. Because the
transparency to the irradiation light 304 and the scratch resis-
tance are required for the material for the irradiation window
313, the sapphire plate is used in the first embodiment.
[1165] Thebackside of the concave mirror 317 is a portion
corresponding to the top of the bezel of the ring in the enduing
unit 207, and the backside of the concave mirror 317 is the
point which plays the central role in the usual use as the ring
of the jewelry. In the first example, the backside of the con-
cave mirror 317 can be utilized for the purpose of ornament.
[1166] It is necessary that the irradiation window 313 and
the concave mirror 317 be fixed to the frame 311 while the
relative positions are maintained. Therefore, a notch for
alignment of the irradiation window 313 and the concave
mirror 317 is provided in the frame 311. The frame 311 also
includes a hollow portion (wiring cavity) for electric wiring
and a groove to which the sound absorbing material 307 and
the cushioning material 306 are bonded. Similarly to the ring
base, the frame 311 having the above structure can suffi-
ciently be generated by a die (casting) technique in the jew-
elry industry.

[1167] FIG. 44 shows a mounting mode of the light source
chip 314. The two semiconductor laser devices having the
different wavelengths are used in the first example. Specifi-
cally, the semiconductor laser device is formed on a substrate
321 shown in FIG. 44 by a MEMS technique. The substantial
size of the light source chip 314 shownin FIG. 44 is 1 mmx1.5
mmx0.6 mm (thickness), and thelight source chip 314 has the
size which can easily be mounted as the ring type enduing
means.

[1168] In FIG. 44, the first semiconductor laser 318 is
placed at the end face of a principal branch of an optical
waveguide 322 made of polyimide fluoride, and the first
semiconductor laser 318 outputs the laser oscillation light to
the principal branch of the optical waveguide 322. On the
other hand, the second semiconductor laser 319 is placed at
the end face of a side branch of the optical waveguide 322
made of polyimide fluoride, and the second semiconductor
laser 319 outputs the laser oscillation light to the side branch
of the optical waveguide 322. The drive currents are supplied
to the two semiconductor laser devices through the electrode
pads 320 respectively.

[1169] A coupler 323 which is of the light outgoing means,
is formed at a nodal point of the principal branch and the side
branch of the optical waveguide 322. The coupler 323 is the
gap where the polyimide fluoride is removed. Based on the
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multiple interference effect, so-called etalon effect, the cou-
pler 323 exhibits the transmission for the oscillation wave-
length of the first semiconductor laser 318, and the coupler
323 exhibits the reflection for the oscillation wavelength of
the second semiconductor laser 319.

[1170] According to the above configuration, the output
light beams having the different wavelengths outputted from
the two semiconductor laser device are multiplexed, the light
beam propagates in the optical waveguide 322, and the output
beam 315 is outputted from the end face at which the semi-
conductor laser device of the optical waveguide 322 is not
placed.

[1171] FIG. 45 shows the ring type enduing unit, and FIG.
45 is a sectional view taken on line a-a of FIG. 42. In F1G. 45,
the ultrasonic detector 305 and surroundings thereof are
shown in an enlarged manner. The well-known piezoelectric
ultrasonic wave detection device such as PZT and PVDF
(polyvinylidene fluoride) can be used as ultrasonic detector
305. However, because PZT has thehigh acoustic impedance,
it is necessary to add an impedance matching layer. Although
PVDF is an advantageous to the acoustic impedance, PVDF
has the low output voltage, i.e., the low sensitivity. In the first
example, a MEMS type ultrasonic wave detection device
generated by the MEMS technique is used instead of PZT or
PVDFE.

[1172] In FIG. 45, an ultrasonic detector 305 is formed by
a vibration membrane 324 and a fixed electrode 325.

[1173] The cushioning material 306 for acoustic matching
is in contact with the vibration membrane 324 in the ultra-
sonic detector 305. In the MEMS type ultrasonic detector
305, a flow passage is provided in order to release the back-
pressure on the side of the fixed electrode 325. The flow
passage is communicated with the atmospheric pressure
through a thin hole made in the frame 311 at the back of the
fixed electrode 325. The ultrasonic detector 305 detects the
ultrasonic wave by the capacitance change caused by the
displacement of the vibration membrane 324 in a flat sheet
capacitor formed by the vibration membrane 324 and the
fixed electrode 325. Accordingly, in addition to the imped-
ance conversion function, a function of supplying a constant
electric charge to the flat sheet capacitor of the ultrasonic
detector 305 is added to the preamplifier 312 connected to the
ultrasonic detector 305.

[1174] The preamplifier 312 and the wiring cavity 326 are
placed in the frame 311. The wiring cavity 326 is used for the
wiring to the connection cable 310 shown in FIG. 43. The
frame 311 is located behind the sound absorbing material
307. This configuration can prevent the preamplifier 312 and
the wiring cavity 326 from reflecting the ultrasonic wave.
[1175] In FIG. 41, various ideas could be made for the
devices, circuits, and connection methods among these
devices and circuits, which are incorporated in the ring type
enduing unit 207 and display unit 221 without departing from
the spirit of the sixth embodiment. For example, an optical
fiber (small bending radius is advisable in order to hold the
stretching properties of the cable) is included in the connec-
tion cable, the light source chip 314 is placed in display unit
221, and only the optical system for enlarging the beam can be
left as the light outgoing means of the ring type enduing unit
207.

[1176] On the other hand, a battery is incorporated in the
ring type enduing unit 207, and all the components concern-
ing the portable type noninvasive blood constituent concen-
tration measuring apparatus including the drive power supply

May 16, 2013

of the light source and the phase sensitive amplifier can be
mounted on the ring type enduing unit 207. In this case, the
wireless communication of the blood constituent concentra-
tion measured value can also be performed between the ring
type enduing unit 207 and the display unit 221.

Second Example

[1177] FIG. 46 shows a configuration in which the blood
constituent concentration measuring apparatus according to
the sixth embodiment is applied to the human body and real-
ized as a wrist-fitted bracelet type enduing means.

[1178] FIG. 46 shows a state in which the blood constituent
concentration measuring apparatus according to the sixth
embodiment is fitted to the wrist as the bracelet type enduing
means. In the fitting mode in the wrist of the bracelet type
enduing means of the blood constituent concentration mea-
suring apparatus shown in FIG. 46, a bracelet type display
unit 419 fitted in aliving body 400, which is of the test subject,
has the configuration in which the wrist-watch type display
unit 221 and ring type enduing unit 207 which are described
in the first example are integrated.

[1179] Anultrasonic detector which is of the acoustic wave
detection means, is incorporated into a display unit 419, and
the light generating means, the light modulation means, and
the light outgoing means are also incorporated in to the dis-
play unit 419. The display device which displays the mea-
surement result of the blood constituent concentration, is
provided outside the display unit 419, and at least one button
for directing the measurement start is also provided. The
functions added to the display unit 419 are similar to the first
example.

[1180] FIG. 47 shows a state in which the bracelet type
enduing means is detached from the wrist. The bracelet type
enduing means includes a display unit 419, a wrist band 428,
and light irradiation unit 421 which is of the light outgoing
means, and all the components are placed so as to surround
the wrist. The bracelet type enduing means has an appearance
similar to the usual wristwatch, but bracelet type enduing
means differs from the wristwatch in the attachment method.
That is, in the case of the usual wristwatch, a buckle and the
like for attachment and detachment are placed in overlapping
portions of both side bands (referred to as wristwatch band in
the wristwatch). On the contrary, in the bracelet type enduing
means, the light irradiation unit 421 is placed. Accordingly,
another type of an attachment and detachment mechanism is
required in the bracelet type enduing means.

[1181] In the second example, the bracelet type enduing
means is provided with a sheet-belt-like attachment and
detachment mechanism including an insertion key 429, an
opening 430, and an release button 431 as the attachment and
detachment mechanism of the bracelet type enduing means.

[1182] Inthesecond example, theultrasonic detector which
1s of the acoustic wave detection means, is embedded in the
back cover of the display unit 419. Similarly to the first
example, PZT, PVDF, and MEMS type ultrasonic wave
detection device can be used as the ultrasonic detector.

[1183] Thecushioning materials 418 are placed in the ultra-
sonic detector and contact surfaces which is in contact with
the living body on the both sides of the ultrasonic detector,
and the inside of the cushioning material 418 is filled with the
sound absorbing material.
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[1184] In the second example, the bracelet type enduing
means is fitted such that the ultrasonic detector comes into
contact with the dorsal side of the wrist while the light irra-
diation unit 421 comes into contact with the palm side.
Because there is irregularity formed by the tendons of long
palmer muscle, basilic veins, and the like on the palm side of
the wrist, the ultrasonic detector hardly comes into close
contact with the skin to obtain the good acoustic coupling on
the palm side of the wrist.

[1185] FIG. 48 shows sectional view along the center line
from the light irradiation unit 421 toward the wrist band 428.
FIG. 48 shows a section of the light irradiation unit 421 of the
bracelet type the enduing means shown in FIG. 47. Similarly
to the first example, after the beam diameter of the output
beam 415 of the light source chip 414 which is of a part of the
light generating means, is enlarged, the irradiation light 417
to the living body is obtained.

[1186] In the second example, the optical system for
enlarging the beam diameter is composed of a reflecting
mirror 416 and a lens 432. That is, the reflecting mirror 416 is
placed at a distance of 2.7 mm from the outgoing end face of
the light source chip 414 with respect to the output beam 415
having the outgoing total angle of 46° (numerical aperture
NA=0.39), and the output beam 415 is reflected toward the
lens 432. The lens 432 is maintained while separated away
from the reflecting mirror 416 by 3.2 mm. The lens 432
converts the incident light flux from the reflecting mirror 416
into the parallel light flux, and the lens 432 irradiates the light
toward the direction of the irradiation window 413 (upward of
FIG. 48).

[1187] Inthe second example, the focal distance of the lens
432 is set so as to be equal to the sum of the optical path
between the outgoing end face of the light source chip 414
and the reflecting mirror 416 and the optical path between the
reflecting mirror 416 and the lens 432, so that the irradiation
light 417 having the diameter of 5.0 mm is obtained through
the irradiation window 413. The irradiation window 413 is
provided to protect the components inside the light irradiation
unit 421, and it is necessary that the irradiation window 413 is
transparent to the irradiation light 417 and scratch resistant.
The light source chip 414 and the reflecting mirror 416 are
attached to the light sources chassis 433 with high accuracy.
[1188] In addition to the above examples, the bracelet type
enduing means according to the sixth embodiment can be also
applied to an armlet in which a brachium is fitted, an anklet in
which an ankle is fitted, and a choker ring in which the neck
is fitted (however, only the anklet and the choker ring having
the good contact property can be used) without departing
from the spirits of the embodiments.

INDUSTRIAL APPLICABILITY

[1189] The liquid constituent concentration measuring
apparatus and liquid constituent concentration measuring
apparatus controlling method according to the embodiments
can be applied to the field of measuring the constituent con-
centration in the liquid, for example, the sugar measurement
of the fruit.

[1190] The blood constituent concentration measuring
apparatus and control method of blood constituent concen-
tration measuring apparatus according to the embodiments
can be utilized for daily health control and beauty check. The
blood constituent concentration measuring apparatus and
control method of blood constituent concentration measuring
apparatus according to the embodiments can also be utilized
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not only for the health control of the living body of the human,
but also for the health control of the living body of the animal.

1-175. (canceled)

176. A constituent concentration measuring apparatus
comprising:

light generating means for generating light;

light modulation means for electrically intensity-modulat-

ing the light at a constant frequency, the light being
generated by the light generating means;

light outgoing means for outputting the intensity modu-

lated light toward an object to be measured, the intensity
modulated light being intensity-modulated by the light
modulation means; and

acoustic wave detection means for detecting an acoustic

wave which is emitted from the object to be measured
irradiated with said intensity modulated light,

the constituent concentration measuring apparatus charac-

terized in that an acoustic matching substance and said
objectto be measured can be arranged between said light
outgoing means and said acoustic wave detection
means, the acoustic matching substance having acoustic
impedance substantially equal to that of said object to be
measured.

177. A constituent concentration measuring apparatus
characterized by comprising:

light generating means for generating light;

light modulation means for electrically intensity-modulat-

ing the light at a constant frequency, the light being
generated by the light generating means;

light outgoing means for outputting the intensity modu-

lated light toward an object to be measured, the intensity
modulated light being intensity-modulated by the light
modulation means;

acoustic wave detection means for detecting an acoustic

wave which is emitted from the object to be measured
irradiated with said intensity modulated light; and

a container in which a space between said light outgoing

means and said acoustic wave detection means is filled
with an acoustic matching substance having acoustic
impedance substantially equal to that of said object to be
measured.

178. A constituent concentration measuring apparatus as
claimed in claim 176 or 177, characterized in that

said light generating means generates two light beams

having different wavelengths, and

said light modulation means intensity-modulates each of

said light beams into the intensity modulated light
beams, the intensity modulated light beams having the
same frequency and reverse phases.

179. A constituent concentration measuring apparatus as
claimed in claim 176 or 177, characterized by further com-
prising recording means for recording the acoustic wave as a
function of the modulation frequency, the acoustic wave
being detected by said acoustic wave detection means.

180. A constituent concentration measuring apparatus
comprising:

light generating means for generating light;

light modulation means for electrically intensity-modulat-

ing the light at a constant frequency, the light being
generated by the light generating means;

light outgoing means for outputting the intensity modu-

lated light toward a test subject, the intensity modulated
light being intensity-modulated by the light modulation
means; and
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acoustic wave detection means for detecting an acoustic
wave which is emitted from said test subject irradiated
with said intensity modulated light,

the constituent concentration measuring apparatus charac-

terized in that an acoustic matching substance and said
test subject can be arranged between said light outgoing
means and said acoustic wave detection means, the
acoustic matching substance having acoustic impedance
substantially equal to that of said test subject.

181. A constituent concentration measuring apparatus
characterized by comprising:

light generating means for generating light;

light modulation means for electrically intensity-modulat-

ing the light at a constant frequency, the light being
generated by the light generating means;

light outgoing means for outputting the intensity modu-

lated light toward a test subject, the intensity modulated
light being intensity-modulated by the light modulation
means;

acoustic wave detection means for detecting an acoustic

wave which is emitted from said test subject irradiated
with said intensity modulated light; and

a container in which a space between said light outgoing

means and said acoustic wave detection means is filled
with an acoustic matching substance having acoustic
impedance substantially equal to that of said test subject.

182. A constituent concentration measuring apparatus as
claimed in claim 181, characterized in that said container is
filled with water as for said acoustic matching substance.

183. A constituent concentration measuring apparatus as
claimed in claim 181, characterized in that

said light generating means generates two light beams

having different wavelengths, and

said light modulation means intensity-modulates each of

said light beams into the intensity modulated light
beams, the intensity modulated light beams having the
same frequency and reverse phases.

184. A constituent concentration measuring apparatus as
claimed in claim 181, characterized in that a cross-sectional
shape of said container is a semicircle, and said light outgoing
means is positioned substantially at the center of said semi-
circle.

185. A constituent concentration measuring apparatus as
claimed in claim 184, characterized in that said two or more
acoustic wave detection means are arranged on an arc portion
of said semicircle of said container.

186. A constituent concentration measuring apparatus as
claimed in claim 181, characterized in that a cross-sectional
shape of said container is an ellipse, and said light outgoing
means and said acoustic wave detection means are positioned
substantially at the focal points of said ellipse respectively.

187. A constituent concentration measuring apparatus as
claimed in claim 181, characterized in that the bottom portion
of said container forms a semi-ellipsoid containing the two
focal points in sectional plane, and said light outgoing means
and said acoustic wave detection means are positioned sub-
stantially at each of the two focal points of said semi-ellipsoid
respectively.

188. A constituent concentration measuring apparatus as
claimed in claim 186 or 187, characterized by comprising a
reflection material on at least a part of the inner wall of said
container.
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189. A constituent concentration measuring apparatus as
claimed in claim 181, characterized by comprising a sound
absorbing material on at least a part of the inner wall of said
container.

190. A constituent concentration measuring apparatus as
claimed in claim 181, characterized by further comprising an
outgoing window on the inner wall of said container, the
outgoing window being transparent for said intensity modu-
lated light.

191. A constituent concentration measuring apparatus as
claimed in claim 181, characterized in that said light outgoing
means includes an optical fiber which guides the intensity
modulated light to said container.

192. A constituent concentration measuring apparatus as
claimed in claim 181, characterized by further comprising:

temperature measuring means for measuring a temperature
of said acoustic matching substance; and

temperature adjustment means for adjusting a temperature
of said acoustic matching substance according to the
temperature being measured by the temperature measur-
ing means.

193. A constituent concentration measuring apparatus as
claimed in claim 183, characterized by further comprising
recording means for recording the acoustic wave as a function
of the modulation frequency, the acoustic wave being
detected by said acoustic wave detection means.

194. A constituent concentration measuring apparatus as
claimed in claim 180 or 181, characterized in that said light
outgoing means and said acoustic wave detection means are
arranged at positions substantially opposing to each other.

195. A constituent concentration measuring apparatus as
claimed in claim 183, characterized in that said light outgoing
means and said acoustic wave detection means are arranged at
positions substantially opposing to each other.

196. A constituent concentration measuring apparatus as
claimed in claim 180 or 181, characterized by further com-
prising a light shielding hood surrounding at least a part of the
optical path of said intensity modulated light, the light shield-
ing hood preventing said intensity modulated light from leak-
ing to the outside of said constituent concentration measuring
apparatus.

197. A constituent concentration measuring apparatus con-
trolling method comprising:

a light generating procedure in which light generating

means generates light;

a light modulation procedure in which light modulation
means electrically intensity-modulates the light ata con-
stant frequency, the light being generated by said light
generating procedure;

a light outgoing procedure in which light outgoing means
outputs the intensity modulated light toward an object to
be measured, the intensity modulated light being inten-
sity-modulated by said light modulation procedure; and

an acoustic wave detection procedure in which acoustic
wave detection means detects an acoustic wave which is
emitted from said object to be measured by said intensity
modulated light in said light outgoing procedure,

the constituent concentration measuring apparatus control-
ling method characterized in that

said light outgoing procedure and said acoustic wave
detection procedure are performed in a container which
is filled with an acoustic matching substance having
acoustic impedance substantially equal to that of the
object to be measured.
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198. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized in that,
in said acoustic wave detection procedure, said acoustic wave
is detected through an acoustic matching substance having an
acoustic impedance substantially equal to that of said object
to be measured.

199. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized in that,
in said light outgoing procedure, said intensity modulated
light is arranged on the inner wall of said container, and said
intensity modulated light is outputted to said object to be
measured through an outgoing window which is transparent
for said intensity modulated light.

200. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized in that,
in said object to be measured, a region irradiated with said
intensity modulated light is covered with said acoustic match-
ing substance in either sol or gel form.

201. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized in that
said detected acoustic wave is further rectified and amplified
to detect amplitude of the acoustic wave.

202. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized by
further comprising a liquid constituent concentration compu-
tation procedure for computing a constituent concentration of
a liquid constituent from pressure of the acoustic wave
detected in said acoustic wave detection procedure, the liquid
constituent being set as a measuring object.

203. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized by
further comprising a recording procedure for recording the
acoustic wave as a function of the modulation frequency after
said acoustic wave detection procedure, the acoustic wave
being detected in said acoustic wave detection procedure.

204. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 197, characterized in that,
in said light outgoing procedure, an object to be measured is
placed in contact with an outgoing surface of said intensity
modulated light, and said object to be measured is directly
irradiated with said intensity modulated light.

205. A constituent concentration measuring apparatus con-
trolling method comprising:

a light generating procedure in which light generating

means generates light;

a light modulation procedure in which light modulation
means electrically intensity-modulates the lightat a con-
stant frequency, the light being generated in said light
generating procedure;

a light outgoing procedure in which light outgoing means
outputs the intensity modulated light intensity-modu-
lated in said light modulation procedure; and
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an acoustic wave detection procedure in which acoustic
wave detection means detects an acoustic wave genet-
ated by said intensity modulated light in said light out-
going procedure,

the constituent concentration measuring apparatus control-
ling method characterized in that said light outgoing
procedure and said acoustic wave detection procedure
are performed in a container filled with an acoustic
matching substance having an acoustic impedance sub-
stantially equal to that of a test subject.

206. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized in that,
in said acoustic wave detection procedure, said acoustic wave
is detected through an acoustic matching substance having an
acoustic impedance substantially equal to that of said test
subject.

207. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized in that,
in said light outgoing procedure, said intensity modulated
light is arranged on the inner wall surface of said container,
and said intensity modulated light is outputted through an
outgoing window which is transparent for said intensity
modulated light.

208. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized in that,
in said test subject, a region irradiated with said intensity
modulated light is covered with said acoustic matching sub-
stance in either sol or gel form.

209. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized in that
said container is filled with water as for said acoustic match-
ing substance.

210. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized in that
a blood constituent which is set as the measuring object, is
glucose or cholesterol.

211. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized by
further comprising a recording procedure after said acoustic
wave detection procedure, recording procedure recording the
acoustic wave as a function of the modulation frequency, the
acoustic wave being detected by said acoustic wave detection
procedure.

212. A constituent concentration measuring apparatus con-
trolling method as claimed in claim 205, characterized in that,
in said light outgoing procedure, a test subject is placed in
contact with an outgoing surface of said intensity modulated

light.
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