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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] The presentapplication relates to and incorporates by reference Japanese Patent application No. 2008-154432
filed on June 12, 2008.

Background of the Invention
(The Field of the Invention)

[0002] The presentinvention relates to a biological observation apparatus and a method and, more particularly, to a
biological observation apparatus and a method which use a sound wave and light to obtain characteristic information
indicative of internal states of an object to be examined.

(Related Art)

[0003] Inrecentyears, as optical tomographic imaging for a living body, there have been known optical CT (computed
tomography), optical coherence tomography (hereinafter, referred to as "OCT"), and photoacoustic tomography.
[0004] The optical CT utilizes near-infrared light of a wavelength ranging from 700 nm to 1200 nm, which is compar-
atively weakly influenced by scattering in a living body. Therefore, the optical CT enables obtaining tomograms of deep
parts in the living body, such as up to several centimeters under a mucous membrane.

[0005] OCT, which utilizes interference, can obtain tomographic images of a living body up to a depth of about 2 mm
with high resolution (several um to several tens of um) in a short time. The OCT has already been put into practice in
diagnosing retinopathy in the ophthalmic field. Therefore, the OCT has attracted very keen interest in the medical world.
[0006] Although the optical CT can obtain information on a deep part of a living body, its spatial resolution is as low
as several millimeters. In contrast, it is difficult for the OCT to perform observation at a depth of about 2 mm or more
under a mucous membrane and to provide a good quality image of tumor tissue, such as a cancer. This is because the
optical coherence is greatly disturbed by the influence of absorption of light by blood or strong scattering in the deep
parts of a living body and tumor tissue.

[0007] Considering this situation, a technique for obtaining internal information from a living body other than using
optical CT and OCT has been disclosed in Japanese Patent Laid-open Publication No. 2000-88743. In this technique,
ultrasound waves and light having a single wavelength are radiated into a target portion inside a living body in order to
detect how much the light is scattered by the ultrasound wave in the target portion. Thereby, information on the target
portion of the living body can be obtained.

[0008] An optical measurement apparatus having the above-described configuration disclosed in Japanese Patent
Laid-open Publication No. 2000-88743 obtains a value of how much the light is scattered. The value depends on indexes
of refraction of a nucleus, cytoplasm and the like, which are substances existing in a living body. The publication states
that each index of refraction of the substances constituting the living body is approximately 1.4.

[0009] The optical measurement apparatus uses light having a single wavelength to detect how much light is scattered.
In consequence, due to the above-mentioned factors, the apparatus can obtain the information depending on how much
the light is scattered only in a narrow dynamic range, thereby generating a tomographic image in which the difference
of brightness between a bright section and a dark section is small.

[0010] US 2004/127782 discloses acoustic tagging of scattered light within a medium in order to enable 2D and 3D
imaging. Light of two different frequencies may be used, and, when a scattering coefficient is considered to not vary
significantly, ratios of the absorption coefficients at each of the two frequencies are approximated to the ratios of the
attenuation coefficients at each of the two frequencies.

[0011] US 7,251,518 discloses measuring concentration of blood constituents by measuring backscattered light under
ultrasonic radiation. Light at several frequencies is used, and average light intensity values are determined and Fourier-
transformed to determine a flow rate of the blood.

[0012] US 2005/256403 discloses modulating electromagnetic radiation passing through an imaging volume at the
frequency of ultrasonic waves transmitted through the imaging volume.

[0013] EP 1 810 610 A1 discloses a biological observation apparatus using a sound wave and light with a single
wavelength. Characteristic information of an object is obtained based on a Fourier transformation for a Doppler shift
frequency determined at this wavelength.

[0014] As aresult, for example, the optical measurement apparatus outputs a tomographic image in which the shape
of tumor tissue is difficult to identify. Consequently, there is a problem that the operator is burdened during an observation
of a target portion using the tomographic image.
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Summary of the Invention

[0015] The present invention has been made in consideration of the foregoing conventional situation, and an object
of the present invention is to provide a biological observation apparatus and a method which reduce the burden on the
operator when observing tumor tissue.

[0016] A biological observation apparatus according to claim 1 may comprise: a sound wave radiating unit that radiates
asound wave into an objectto be examined; alight radiating unit that radiates first light having a predetermined wavelength
and second light different from the first light into a portion of the object influenced by the sound wave; a detector that
detects reflected light of the first light and reflected light of the second light; and a calculation unit that calculates
characteristic information of the object based on the reflected light of the first light and the reflected light of the second light.
[0017] Further, a biological observation method according to claim 8 is provided.

Brief Description of the drawings
[0018] In the accompanying drawings:

Fig. 1is a block diagram exemplifying an outline of a biological observation apparatus according to a first embodiment
of the present invention;

Fig. 2is a diagram showing a wavelength dependency of absorbance corresponding to concentrations of oxygenated
hemoglobin and hemoglobin in the blood;

Fig. 3 is a flowchart showing an example of a process performed in the biological observation apparatus shown in
Fig. 1;

Fig. 4 is a diagram exemplifying a state of tumor tissue and a blood vessel existing in living tissue;

Fig. 5 is a diagram exemplifying a tomographic image produced based on the Doppler shift amount obtained by
using light having a single wavelength;

Fig. 6 is a diagram exemplifying a tomographic image obtained by the biological observation apparatus shown in
Fig. 1;

Fig. 7 is a diagram showing a modification of the biological observation apparatus shown in Fig. 1;

Fig. 8 is a diagram showing a modification of the biological observation apparatus shown in Fig. 1;

Fig. 9 is a diagram showing a modification of the biological observation apparatus shown in Fig. 1;

Fig. 10 is a diagram showing a modification of the biological observation apparatus shown in Fig. 1 according to the
first embodiment of the present invention;

Fig. 11 is a diagram showing a configuration of an optical coupler in detail;

Fig. 12 is a sectional diagram exemplifying a configuration of an end part of an optical fiber;

Fig. 13 is a diagram showing a modification of the biological observation apparatus shown in Fig. 10;

Fig. 14 is a diagram showing a modification of the biological observation apparatus shown in Fig. 10;

Fig. 15 is a diagram showing a modification of the biological observation apparatus shown in Fig. 10;

Fig. 16 is a block diagram exemplifying an outline of a biological observation apparatus according to a second
embodiment of the present invention; and

Fig. 17 is a flowchart showing an example of a process performed in the biological observation apparatus shown
in Fig. 16.

Detailed Description of the Preferred Embodiments

[0019] Hereinafter, embodiments of the present invention will now be described in connection with the accompanying
drawings.

[0020] Referring to Figs. 1 to 6, a biological observation apparatus according to the first embodiment of the present
invention will now be described.

[0021] Fig. 1 outlines a biological observation apparatus 1. This biological observation apparatus 1 includes, as shown
in Fig. 1, a radiation/reception unit 2, a scan unit 3, a driving signal generator 4, an amplifier 5, a signal processor 6, a
display unit 8, and a scan signal generator 9, which are main parts.

[0022] The radiation/reception unit 2 radiates ultrasound waves (sound waves) and light into living tissue 101, which
is an object to be examined, and can receive object light, which is the light from the radiation/reception unit 2 reflected
and scattered from the living tissue 101. The scan unit 3 changes the position of the unit 2 (scan position) in response
to a scan signal outputted from the scan signal generator 9 and makes the unit 2 radiate the ultrasound waves and light.
The display unit 8 comprises a monitor.

[0023] The radiation/reception unit 2 has a light source 21, a half mirror 22, a reference mirror 25, an ultrasound
transducer 26 and an acoustic lens 26a with openings formed at their center, and a light detector 27.
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[0024] The light source 21 emits light having a wavelength of A1 and light having a wavelength of A2 alternately based
on the timing at which the light source 21 receives a light source drive signal from the driving signal generator 4. The
light having a wavelength of A1 and the light having a wavelength of A2 can reach the object portion to be examined in
the living tissue 101. The light of wavelength A1 and the light of wavelength A2 have respective wavelengths such that
absorbances (absorption characteristic) thereof with respect to the blood are approximately equal to each other. Spe-
cifically, the light source 21 is composed of, for example, a wavelength tunable laser source (not shown) or a combination
of a white light source or a SLD (Super Luminescent Diode) and an interference filter (not shown).

[0025] The wavelength A1 and the wavelength A2 have values, which are different from each other (A1 = 12), within
a range from 800nm to 930nm where sensitivity with respect to the change of oxygen saturation in the blood is low and
absorbance (molar absorptivity) of the wavelength A1 and the wavelength A2 becomes approximately equal to each
other. The light having a wavelength of A1 and the light having a wavelength of A2 are selected such that the absolute
value of the difference between them (the value of [L1 - 12|) is as large as possible. In the present embodiment, it is
preferable to select two wavelengths of 800 nm and 930 nm for A1 and A2. Fig. 2 shows an example of the wavelength
dependency of absorbance (molar absorptivity) corresponding to concentrations of oxygenated hemoglobin (HbO,) and
hemoglobin (Hb) in the blood.

[0026] In addition, the light of wavelength A1 and the light of wavelength 22 may be pulsed waves, and not limited to
continuous waves.

[0027] The light source 21 emits the light of wavelength A1 (or A2) to the half mirror 22 based on a light source drive
signal provided from the driving signal generator 4.

[0028] Of the light which has traveled from the light source 21, the half mirror 22 reflects part of that light so that the
reflected light is radiated toward the reference mirror 25 and allows the remaining part of that light to be transmitted
toward the ultrasound transducer 26. The light which has traveled from the half mirror 22 to the reference mirror 25 is
reflected by the reference mirror 25, and then made to enter the half mirror 22 as reference light. The light which has
traveled from the half mirror 22 to the ultrasound transducer 26 passes through the opening formed at the center of the
ultrasound transducer 26 and the acoustic lens 26a, before being radiated to the living tissue 101.

[0029] In the present embodiment, a space between (the acoustic lens 26a of) the radiation/reception unit 2 and the
living tissue LT is filled with an ultrasound transmissive medium UM, which is, for example, water, before each unit of
the biological observation apparatus 1 performs operations for obtaining biological information of the living tissue 101.
[0030] This ultrasound transducer 26 is driven in response to the ultrasound wave drive signal provided from the driving
signal generator 4 and radiates a predetermined ultrasound wave, which is a continuous wave, toward the living tissue
101 along the axis of light passing through the opening. The ultrasound wave travels through the inside of the living
tissue 101 as a cyclic compressional wave while the ultrasound wave is converged by the acoustic lens 26a. The
ultrasound wave converges at a predetermined area located in the depth direction (Z-axis direction shown in Fig. 1) of
the living tissue 101.

[0031] Note that the ultrasound wave radiated from the ultrasound transducer 26 is not limited to the continuous wave.
For example, a pulse wave may be used.

[0032] The acoustic lens 26a of the present embodiment can appropriately change the area (position), at which the
ultrasound wave converges, in the depth direction (Z-axis direction shown in Fig. 1) of the living tissue 101 under the
control of, for example, the scan unit 3.

[0033] The light radiated from the radiation/reception unit 2 is reflected at a position, which is one position located in
the depth direction (Z-axis direction shown in Fig. 1) of the living tissue 101, corresponding to the area at which the
ultrasound wave converges. The reflected light passes through the opening of the ultrasound transducer 26 and the
acoustic lens 26a, then enters the half mirror 22 as object light. That is, the light transmitted through the half mirror 22
is reflected at the area (the portion influenced by the ultrasound wave) whose density is increased by the ultrasound
wave and then enters the half mirror 22 as object light.

[0034] The half mirror 22 allows the reference light coming from the reference mirror 25 to interfere with the object
light coming from the ultrasound transducer 26, so that interference light, which is caused by the interference between
the two fluxes of light, is radiated toward the light detector 27.

[0035] The light detector 27 applies heterodyne detection to the interference light coming from the half mirror 22, and
converts the detected interference light into an interference signal, which is an electric signal. The light detector 27
outputs the interference signal to the signal processor 6.

[0036] The scan unit 3 is configured to, in response to each scan signal issued from the scan signal generator 9,
change the spatial position of the ultrasound transducer 26 and the acoustic lens 26a, that is, the spatial position of the
unit 2 (i.e., scan position) in the X-axis or Y-axis direction shown in Fig. 1.

[0037] The driving signal generator 4 produces an ultrasound wave drive signal for making the ultrasound transducer
26 radiate a predetermined ultrasound wave having a predetermined wavelength (or a predetermined frequency), and
outputs the produced ultrasound wave drive signal to the amplifier 5. The driving signal generator 4 outputs a light source
drive signal for driving the light source 21 to the light source 21 at the timing when a control signal is inputted from the
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signal processor 6. The light source 21 changes the wavelength of light to be radiated to the living tissue 101 from one
wavelength to another wavelength in response to the light source drive signal. Furthermore, when the scan position of
the scan unit 3 reaches the end position of the scan range of the scan unit 3, the driving signal generator 4 outputs a
trigger signal to the signal processor 6.

[0038] The amplifier 5 comprises a power amplifier. This amplifier 5 amplifies the power of the ultrasound wave drive
signal outputted from the driving signal generator 4, and provides the amplified ultrasound wave drive signal to the
ultrasound transducer 26.

[0039] The signal processor 6 comprises a computing section 6a, which performs calculation and the like, and a
memory 6b, which stores data such as calculation results of the computing section 6a.

[0040] The computing section 6a is provided with a spectrum analyzer or a digital oscilloscope (not shown). The
computing section 6a receives a first interference signal which is outputted from the light detector 27 after the light having
one wavelength is emitted at one scan position. The computing section 6a calculates the signal level of the firstinterference
signal which is a value corresponding to light intensity of the interference light. Then, the computing section 6a writes
the calculated signal level into the memory 6b. In addition, the computing section 6a outputs a control signal to the driving
signal generator 4 at the timing when the calculated signal level of the first interference signal is written into the memory
6b. The control signal is outputted to make the light source 21 change the wavelength of light radiated to the living tissue
101.

[0041] Thereafter, the computing section 6a receives a second interference signal which is outputted from the light
detector 27 after the light having another wavelength is emitted at the same scan position. The computing section 6a
calculates the signal level of the second interference signal which is a value corresponding to light intensity of the
interference light. Then, the computing section 6a applies FFT (fast Fourier transformation) to the difference value
between the signal level of the first interference signal and the signal level of the second interference signal, thereby
calculating a variation of the Doppler shift amount (i.e., the amount of frequency modulation) at the scan position, which
is characteristic information indicative of internal states of the living tissue. The calculation of the variation of the Doppler
shift amount will be described in detail later.

[0042] Furthermore, the computing section 6a applies an arithmetic operation to the variation of the Doppler shift
amount to produce image data at the scan position. The computing section 6a relates the produced image data to scan
positional information which shows positions within a scan range (X-axis and Y-axis directions) where the scan can be
performed by the scan unit 3, and stores the image data and the scan positional information, which are related to each
other, in the memory 6b.

[0043] When the scan position is not the end position of the scan range of the scan unit 3 (that is, when the whole
scan is not completed), the computing section 6a controls the scan signal generator 9 to change the scan position from
the current scan position to another scan position (in the X-axis or Y-axis direction shown in Fig. 1). In addition, the
computing section 6a outputs a control signal to the driving signal generator 4 to change the wavelength of light radiated
to the living tissue 101.

[0044] When the computing section 6a detects a state in which the scan is completed based on a trigger signal
outputted from the driving signal generator 4, the computing section 6a performs mapping to produce image data for
one frame. The mapping is performed by using the image data and the scan positional information related to the image
data, which are stored in the memory 6b between the time when the previous trigger signal is inputted and the time
when the current trigger signal is inputted. The computing section 6a converts the image data for one frame into a video
signal and outputs the video signal to the display unit 8. Thereby, the display unit 8 displays an image (tomographic
image) inside the living tissue 101 in a plane such as the X-Z plane shown in Fig. 1.

[0045] The scan signal generator 9 provides scan signals to the scan unit 3 under the control of the signal processor
6 to radiate the ultrasound wave and the light while changing the scan position.

[0046] Next, operations of the biological observation apparatus 1 according to the first embodiment will now be de-
scribed with reference to a flowchart shown in Fig. 3.

[0047] First, an operator powers up each part of the biological observation apparatus 1, and positions the ultrasound
transducer 26 (and the acoustic lens 26a) of the radiation/reception unit 2 such that ultrasound waves and light are
radiated in the Z-axis direction shown in Fig. 1 (i.e., the depth direction of the living tissue 101) at one scan position (a
position in X-axis and Y-axis directions). Concurrently, a space between the acoustic lens 26a and the living tissue 101
is filled with an ultrasound transmissive medium UM, for example, water.

[0048] The operator then turns on switches, which are mounted in an operation device (not shown), to instruct the
apparatus 1 to start obtaining biological information of the living tissue 101.

[0049] The driving signal generator 4 outputs an ultrasound wave drive signal for radiating a predetermined ultrasound
wave to the ultrasound transducer 26 via the amplifier 5 in response to the instruction.

[0050] In step S1, the ultrasound transducer 26 and the acoustic lens 26a radiate a predetermined ultrasound wave,
in accordance with the ultrasound wave drive signal received from the amplifier 5, in the direction in which light is radiated
and toward the living tissue 101. Thereby, the ultrasound wave radiated from the ultrasound transducer 26 and the
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acoustic lens 26a travels inside the living tissue 101 as a cyclic compressional wave. The ultrasound wave converges
at a position of z = Z,;, which corresponds to a predetermined area located in the depth direction (Z-axis direction shown
in Fig. 1) of the living tissue 101.

[0051] Meanwhile, the driving signal generator 4 generates a light source drive signal for making the unit 2 emit the
light of wavelength A1 in response to the instruction, and outputs the light source drive signal to the light source 21.
[0052] In step S2, the light source 21 radiates the light of wavelength 11 to the half mirror 22 based on the light source
drive signal received from the driving signal generator 4.

[0053] The light of wavelength A1 and emitted from the light source 21 is radiated to the reference mirror 25 via the
half mirror 22 and is also radiated in the Z-axis direction (the depth direction of the living tissue 101) through the opening
formed at the center of the ultrasound transducer 26 and the acoustic lens 26a.

[0054] The light of wavelength A1 and radiated into the living tissue 101 is reflected from the position of Z = Z,,. The
reflected light passes through the opening of the ultrasound transducer 26 and the acoustic lens 26a and enters the half
mirror 22 as object light.

[0055] The object light coming from the ultrasound transducer 26 interferes with the reference light coming from the
reference mirror 25 in the half mirror 22 and enters the light detector 27 as first interference light.

[0056] In step S3, the light detector 27 applies heterodyne detection to the first interference light coming from the half
mirror 22, and converts the detected first interference light into a first interference signal, which is an electrical signal.
The light detector 27 outputs the first interference signal to the signal processor 6.

[0057] Hereinafter, a case is considered in which a position located in the depth direction (Z-axis direction shown in
Fig. 1) of one scan position is defined as Z = Z,,, and a blood vessel having a thickness (diameter) of d, which is a light
absorber, exists in a position of the surface side with respect to the position of Z = Z; (that is, Z < Z;). In this case, the
intensity of the light of wavelength A1 exponentially decreases with the increase of the thickness of d, as shown in, for
example, A(A1) of the following expression (1).

A(Al)=exp(-a(a1)-d) - - - (1)

[0058] Note that o(11) in the expression (1) is defined as a constant obtained by substituting a wavelength of 11 into
A of a predetermined function a()). If no blood vessel, which is a light absorber, exists in a position of the surface side
with respect to the position of Z = Z; located in the depth direction, the thickness of d is defined as 0.

[0059] A(L1) of the expression (1) is a value by which the alternating-current component of the signal level of the first
interference signal is multiplied. Therefore, in step S4, the computing section 6a defines the direct-current component
ofthe firstinterference signalas DC. The computing section 6a defines the amplitude of the alternating-current component
of the first interference signal as m(Z)) in a case where there is no blood vessel, which is a light absorber, existing toward
the surface side with respect to the position of Z = Z located in the depth direction. The computing section 6a also
defines the phase of the light of wavelength A1 as ¢1. The computing section 6a calculates the signal level of the first
interference signal, which is a value corresponding to light intensity of the first interference light, as I(A1, Z;) shown by
the following expression (2).

1(A1,Z,) = DC + A(A1)- m(Z,) cos{2mAf (A1)-t + 91} - - - (2

[0060] The computing section 6a writes the solution of the expression (2) which is the signal level of the first interference
signal, which is a value corresponding to light intensity of the first interference light, into the memory 6b. Then, the
computing section 6a outputs a control signal for changing the wavelength of light radiated to the living tissue 101 to the
driving signal generator 4 at the timing when the solution of the expression (2) is written into the memory 6b.

[0061] The driving signal generator 4 outputs an ultrasound wave drive signal for radiating a predetermined ultrasound
wave to the ultrasound transducer 26 via the amplifier 5 at the timing when the control signal is inputted from the signal
processor 6. The driving signal generator 4 then outputs a light source drive signal for changing the wavelength of the
light radiated to the living tissue 101 from A1 to A2.

[0062] In step S5, the ultrasound transducer 26 and the acoustic lens 26a radiate a predetermined ultrasound wave,
in accordance with the ultrasound wave drive signal received from the amplifier 5, in the direction in which light is radiated
and toward the living tissue 101. In step S6, the light source 21 radiates the light of wavelength A2 to the half mirror 22
in response to the light source drive signal received from the driving signal generator 4.

[0063] The light of wavelength A2 and emitted from the light source 21 is radiated to the reference mirror 25 via the
half mirror 22 and is also radiated in the Z-axis direction (the depth direction of the living tissue 101) through the opening
formed at the center of the ultrasound transducer 26 and the acoustic lens 26a.
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[0064] The light of wavelength A2 and radiated into the living tissue 101 is reflected from the position of Z = Z; as in
the case of the light of wavelength A1. The reflected light passes through the opening of the ultrasound transducer 26
and the acoustic lens 26a and enters the half mirror 22 as object light.

[0065] The object light coming from the ultrasound transducer 26 interferes with the reference light coming from the
reference mirror 25 in the half mirror 22 and enters the light detector 27 as second interference light.

[0066] In step S7, the light detector 27 applies heterodyne detection to the second interference light coming from the
half mirror 22, and converts the detected second interference lightinto a second interference signal, which is an electrical
signal. The light detector 27 outputs the second interference signal to the signal processor 6.

[0067] Inthis case, the intensity of the light of wavelength A2 exponentially decreases with the increase of the thickness
of d, as shown in, for example, A(A2) of the following expression (3).

A(A2)=exp(- a(A2)-d) - - - (3)

[0068] Note that o(12) in the expression (3) is defined as a constant obtained by substituting a wavelength of 1.2 into
A of the predetermined function o()\) described above. If there is no blood vessel, which is a light absorber, existing
toward the surface side with respect to the position of Z = Z, located in the depth direction, the thickness of d is defined as 0.
[0069] A(L2) of the expression (3) is a value by which the alternating-current component of the signal level of the
second interference signal is multiplied. Therefore, in step S8, the computing section 6a defines the direct-current
component of the second interference signal as DC. The computing section 6a defines the amplitude of the alternating-
current component of the second interference signal as m(Z)) in a case where there is no blood vessel, which is a light
absorber, existing toward the surface side with respect to the position of Z = Z, located in the depth direction. The
computing section 6a also defines the phase of the light of wavelength A2 as ¢2. The computing section 6a calculates
the signal level of the second interference signal, which is a value corresponding to light intensity of the second interference
light, as (A2, Zy) shown by the following expression (4).

1(A2,Z,)= DC + A(A2)- m(Z,) cos2mAf (A2)-t + 42} - - - (4)

[0070] The function a()) is a function showing the wavelength dependency of the absorptivity of the blood, that is, a
function which corresponds to the shape of a graph shown in Fig. 2. Therefore, the value of (a(A) corresponds with the
value obtained by scaling the graph shown in Fig. 2 with a constant value.

[0071] In addition, the wavelengths A1 and A2 of the light emitted from the light source 21 are selected from a range
from 800 nm to 930 nm, where sensitivity with respect to any change of oxygen saturation in the blood is low and
absorbance (molar absorptivity) of the wavelengths A1 and A2 becomes approximately equal to each other. In conse-
quence, the value of constant a(L1) shown in the expression (1) is approximately equal to the value of constant a.(\2)
shown in the expression (3).

[0072] Accordingly, when assuming that a(A1) = a(A2), the value of the right side of the expression (1) and the value
of the right side of the expression (3) are equal to each other. Furthermore, when assuming that A(A1) = Aa(A2) = A,,
the expressions (2) and (4) can be rewritten as the following expressions (5) and (6).

1(A1,Z,)= DC + A, -m(Z,)cos{2zAf(A1)-t + 41} - - - (5)

1(12,2,)= DC + 4, -m(Z,)cos{2aAf(A2)-t + 92} - - - (6)

[0073] Accordingly, in step S9, the computing section 6a calculates the difference value Al between the solution of
the expression (5) and the solution of the expression (6) as shown in the following expression (7) with reference to the
data stored in the memory 6a.
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Al = 1(A1,Z,)-1(A2,2,)

= 4, - m(Z,)[cos{2mf (A1)t + g1} - cos2mrf (42)- ¢ + ¢2}]

...(7)

[0074] Then, in step S10, the computing section 6a applies FFT (fast Fourier transformation) to the right side of the
expression (7), thereby calculating a variation of the Doppler shift amount Afy, at one area (one position located in the
Z-axis direction) of one scan position as shown in the following expression (8).

Afy, = Af(A1)-Af(A2) - - - (8)

[0075] Note that Af(A1) shown in the expression (8) is defined as the Doppler shift amount generated when the light
of wavelength A1 is reflected at a position of Z = Z, located in the depth direction. In addition, Af(A2) shown in the
expression (8) is defined as the Doppler shift amount generated when the light of wavelength A2 is reflected at one area
of one scan position.

[0076] Meanwhile, the velocity of a predetermined ultrasound wave radiated from the ultrasound transducer 26 and
the acoustic lens 26a is defined as V5. The wavelength of the predetermined ultrasound wave is defined as A . The
index of refraction of tumor tissue is defined as n(A) when the light of wavelength of A1 enters the tumor tissue. The
amount of change in the index of refraction generated depending on the radiated ultrasound wave is defined as An(}).
In this case, the Doppler shift amounts Af(A1) and Af(A2) are shown by the following expressions (9) and (10).

Af (A1) = 27, (n(A1) + An(A1)}/ A, - - - (9)

Af(A2)= {2V, (n(A2) + An(A2)}/A,, - - - (10)

[0077] Then, the computing section 6a substitutes the expressions (9) and (10) into the expression (8) and divides
the expression (8) by A, / 2V, thereby obtaining the following expression (11).

Afy (A, [2V, ) = (n(A1) + An(A1)) — (n(A2) + An(12))

(11)

[0078] In step S11, the computing section 6a assumes the value of the right side of the expression (11), which is a
value obtained by subtracting the amount of change in the index of refraction of tumor tissue generated when the light
of wavelength A2 is emitted from the amount of change in the index of refraction of the tumor tissue generated when
the light of wavelength A1 is emitted, as a pixel value of one area of one scan position, and produces image data of the
one area of the one scan position. Then, the computing section 6a relates the produced image data to scan positional
information, which shows positions within a scan range where the scan can be performed by the scan unit 3, and
positional information in the Z-axis direction, and stores the image data, the scan positional information, and the positional
information in the Z-axis direction in the memory 6b.

[0079] The operations of the steps S1 to S11 are performed multiple times while changing the position, at which the
ultrasound wave converges, in the depth direction (Z-axis direction shown in Fig. 1) of the living tissue 101 (that is, z =
Zy, 21, Z2,...) by the acoustic lens 26a under the control of the signal processor 6.

[0080] In step S12, the computing section 6a determines whether or not the current scan position at which the image
data is obtained is the end position of the scan range of the scan unit 3. When the current scan position at which the
image data is obtained is not the end position of the scan range of the scan unit 3 (that is, when the whole scan is not
completed), in step S13, the computing section 6a controls the scan signal generator 9 to change the scan position from
the current scan position to another scan position (in the X-axis or Y-axis direction shown in Fig. 1). In addition, the
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computing section 6a outputs a control signal to the driving signal generator 4 to change the wavelength of light radiated
to the living tissue 101. Thereafter, each part of the biological observation apparatus 1 repeats the above-described
operations until the computing section 6a determines, in step S12, that the current scan position is the end position of
the scan range of the scan unit 3.

[0081] Thereafter, when the computing section 6a detects a state in which the scan is completed based on a trigger
signal outputted from the driving signal generator 4, in step S14, the computing section 6a performs mapping to produce
image data for one frame. The mapping is performed by using the image data, and the scan positional information and
the positional information in the Z-axis direction related to the image data, which are stored in the memory 6b between
the time when the previous trigger signal is inputted and the time when the current trigger signal is inputted. The computing
section 6a converts the image data for one frame into a video signal and outputs the video signal to the display unit 8.
Thereby, based on the image data, the display unit 8 displays an image (tomographic image) inside the living tissue 101
in a plane such as an X-Z plane shown in Fig. 1.

[0082] Fig. 4 is a diagram exemplifying a state of tumor tissue and a blood vessel existing in living tissue. Fig. 5is a
diagram exemplifying a tomographic image produced based on the Doppler shift amount obtained by using the light
having a single wavelength. When tumor tissue 101a and a blood vessel 101b exist in a state where they overlap with
each other on the same cross-section as shown in Fig.4 and the Doppler shift amount is obtained by using the light
having a single wavelength, a tomographic image is produced based on the Doppler shift amount as shown in Fig. 5.
[0083] In the image shown in Fig. 5, part of the tumor tissue 101a is difficult to see due to the blood vessel 101b. In
addition, since part of the light is absorbed by the blood vessel 101b, an area 101c deeper than the position at which
the blood vessel 101b exists is blackened. Furthermore, in the image shown in Fig. 5, since the dynamic range of the
information obtained based on the Doppler shift amount is narrow, the difference of brightness between an area corre-
sponding to the boundary of the tumor tissue 101a and the other areas becomes small.

[0084] That is, when the Doppler shift amount is obtained by using the light having a single wavelength, and a tomo-
graphic image is produced based on the Doppler shift amount, a tomographic image in which the shape or the like of
the tumor tissue 101 is difficult to identify is displayed on the display unit 8.

[0085] In contrast, in the biological observation apparatus 1, the blood vessel 101b is identified by using the light of
wavelength A1 and the light of wavelength A2, which are two types of light matching the conditions described above.
Then, the biological observation apparatus 1 calculates the difference between the Doppler shift amount obtained by
using the light of wavelength A1 and the Doppler shift amount obtained by using the light of wavelength 12, thereby
removing the image corresponding to the blood vessel 101b and the blackened image of the area 101c.

[0086] Fig. 6 is a diagram exemplifying a tomographic image obtained by the biological observation apparatus shown
in Fig. 1. The biological observation apparatus 1 having the configuration described above allows the dynamic range of
the information obtained depending on the Doppler shiftamount to be widened. Thereby, as shown in Fig. 6, a tomographic
image in which the shape or the like of the tumor tissue 101a is easy to identify can be displayed on the display unit 8.
In consequence, the biological observation apparatus 1 of the presentembodiment can reduce the burden on the operator
when observing tumor tissue.

[0087] In addition, even when the blood vessel 101b, which is a light absorber, exists in the scan range of the scan
unit 3, the biological observation apparatus 1 having the configuration described above can detect light scattering
information of the area 101c deeper than the position at which the blood vessel 101b exists with high accuracy.
[0088] Note that the angle of the direction in which the light is radiated and the angle of the direction in which the
ultrasound wave is radiated are not limited to the same angle with respect to the living tissue 101, and may be different
from each other with respect to the living tissue 101. In this case, for example, the ultrasound transducer 26 and the
acoustic lens 26a may be disposed so that the direction in which the ultrasound wave is radiated is inclined with respect
to the optical axis (Z-axis) of the light. Thereby, even when using an ultrasound wave composed of a continuous wave
and light composed of a continuous wave, object light having no noise can be obtained from a predetermined area.
[0089] When applying the configuration described above to the biological observation apparatus 1 shown in Fig. 1,
the area at which the ultrasound wave converges is changed in the depth direction of the living tissue 101 by moving
the whole radiation/reception unit 2 in the Z-axis direction by the scan unit 3.

[0090] The biological observation apparatus 1 shown in Fig. 1 may be modified to a biological observation apparatus
1’ shown in Fig. 7 which provides the same advantages as those of the biological observation apparatus 1 described
above. The same reference numerals as in Fig.1 denote the same parts in Fig. 7.

[0091] In Fig. 7, the light of wavelength A1 and the light of wavelength A2 are not emitted from the same light source
and are emitted from two separate light sources, respectively. That is, in a radiation/reception unit 2’ shown in Fig. 7, a
light source 211 emits the light of wavelength A1 and a light source 212 emits the light of wavelength A.2. The respective
light sources 211 and 212 are composed of a laser diode (LD). Alternatively, the respective light sources 211 and 212
may be composed of a combination of a white light source or an SLD and a filter.

[0092] In this case, the driving signal generator 4 outputs a light source drive signal to the light source 211 or the light
source 212 at the timing when a control signal is inputted from the signal processor 6 to make the light source 211 or
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the light source 212 emit light having a wavelength of A1 or A2, respectively. Light having a wavelength of A1 emitted
from the light source 211 is reflected at a mirror 281, passes through a mirror 282, and is radiated to the half mirror 22.
Light having a wavelength of A2 emitted from the light source 212 is reflected at a mirror 282 and is radiated to the half
mirror 22.

[0093] The biological observation apparatus 1 shown in Fig. 1 may be modified to provide a biological observation
apparatus 1" shown in Fig. 8 which provides the same advantages as those of the biological observation apparatus 1
described above. According to the configuration, image data inside the living tissue 101 is produced without using the
reference light described above, that is, without using the interference light. The same reference numerals as in Fig. 1
denote the same parts in Fig. 8.

[0094] In Fig. 8, a light absorber 25’ composed of a board having a black color or the like is disposed instead of the
reference mirror 25 shown in Fig. 1. Due to the configuration, the light emitted from the light source 21 and reflected at
the half mirror 22 is absorbed in the light absorber 25’. Therefore, the light absorber 25’ does not radiate the reference
light. The light detector 27 detects only the object light reflected from the half mirror 22. This configuration can also obtain
tomographic images by which the shape or the like of tumor tissue can be easily identified. Note that, instead of using
the light absorber, a configuration in which the reference light does not enter the half mirror 22 may be employed.
[0095] In addition, the biological observation apparatus 1’ shown in Fig. 7 may be modified to provide a biological
observation apparatus 1" shown in Fig. 9 in which the light absorber 25’ composed of a board having a black color or
the like is disposed instead of the reference mirror 25.

[0096] The biological observation apparatus 1 shown in Fig. 1 may be modified to provide a biological observation
apparatus 1A shown in Fig. 10 which provides the same advantages as those of the biological observation apparatus
1 described above. The same reference numerals as in Fig.1 denote the same parts in Fig. 10.

[0097] Specifically, the biological observation apparatus 1A includes a scan unit 3, a driving signal generator 4, an
amplifier 5, a signal processor 6, a display unit 8, a scan signal generator 9, a light source 21, a reference mirror 25, an
ultrasound transducer 26, an acoustic lens 26a, and a light detector 27, as well as optical fibers 52a, 52b, 52c, and 52d,
an optical coupler 53, and a collimating lens 56, which are main parts.

[0098] In addition, the optical coupler 53 comprises, as shown in Fig. 11, a first coupler 53a and a second coupler 53b.
[0099] The optical fiber 52a has one end (first end) connected to the light source 21 and the other end (second end)
connected to the first coupler 53a, as shown in Figs. 10 and 11.

[0100] The optical fiber 52b comprises, as shown in Fig. 11, a light-receiving fiber bundle 60a and a light-sending fiber
bundle 60b. The fiber bundle 60a has one end (first end) connected to the second coupler 53b and the other end (second
end) connected to the openings (not shown) formed at the center of the ultrasound transducer 26 and the acoustic lens
26a in such a manner that the other end (second end) is inserted therethrough. Meanwhile, the fiber bundle 60b has
one end (first end) connected to the first coupler 53a and the other end (second end) connected to the openings formed
at the center of the ultrasound transducer 26 and the acoustic lens 26a in such a manner that the other end (second
end) is inserted therethrough. Both the other ends (second ends) of the fiber bundles 60a and 60b are arranged at the
openings of the ultrasound transducer 26 and the acoustic lens 26a as illustrated in Fig. 12. In Fig. 12, the fiber bundle
60a is adapted to a core and surrounded by the fiber bundle 60b.

[0101] The optical fiber 52c comprises, as shown in Fig. 11, a light-receiving fiber bundle 60c and a light-sending fiber
bundle 60d. The fiber bundle 60c has one end (first end) connected to the second coupler 53b and the other end (second
end) arranged at a position where the light can enter from the collimating lens 56. Moreover, the fiber bundle 60d has
one end (first end) connected to the first coupler 53a and the other end (second end) arranged at a position where the
light can be radiated to the collimating lens 56.

[0102] The optical fiber 52d has, as shown in Figs. 10 and 11, one end (first end) connected to the second coupler
53b and the other end (second end) connected to the light detector 27.

[0103] According to the configuration described above, in the biological observation apparatus 1A, the light of wave-
length A1 emitted from the light source 21 is radiated to the living tissue 101 via the optical fiber 52a, the first coupler
53a, and the fiber bundle 60b and to the collimating lens 56 via the optical fiber 52a, the first coupler 53a, and the fiber
bundle 60d.

[0104] The light which enters the collimating lens 56 is converted to parallel-flux light and radiated to the reference
mirror 25. This light is reflected from the reference mirror 25. The reflected light passes through the collimating lens 56
again, and enters the fiber bundle 60c as reference light. This reference light incident on the fiber bundle 60c is then
radiated to the second coupler 53b.

[0105] Meanwhile, the light of wavelength A1 and radiated into the living tissue 101 via the fiber bundle 60b travels
inside the living tissue 101 in the depth direction (Z-axis direction shown in Fig. 10). The light reaches a portion corre-
sponding to the area where the predetermined ultrasound wave radiated from the ultrasound transducer 26 and the
acoustic lens 26a converges. The light is reflected from the portion. The light reflected from the portion enters the fiber
bundle 60a as object light.

[0106] In the second coupler 53b, the object light coming from the fiber bundle 60a interferes with the reference light
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coming from the fiber bundle 60c, thereby producing first interference light. The first interference light enters the light
detector 27 via the optical fiber 52d.

[0107] The signal processor 6 then applies the same process as performed by the biological observation apparatus
1 (the process based on the expressions (1) and (2)) to the first interference signal outputted from the light detector 27.
Thereby, the signal level of the first interference signal, which is a value corresponding to light intensity of the first
interference light, is calculated and then written into the memory 6b.

[0108] After the calculation of the value of the signal level of the first interference signal is completed, a control signal
is outputted from the signal processor 6, and the light of wavelength A2 is radiated from the light source 21 into the living
tissue 101 via the path described above.

[0109] The light of wavelength A2 and radiated into the living tissue 101 is reflected at the same portion as that at
which the light of wavelength A1 is reflected. The light reflected from the portion enters the fiber bundle 60a as object
light. This object light incident on the fiber bundle 60a is then radiated to the second coupler 53b.

[0110] In the second coupler 53b, the object light coming from the fiber bundle 60a interferes with the reference light
coming from the fiber bundle 60c, thereby producing second interference light. The second interference light enters the
light detector 27 via the optical fiber 52d.

[0111] The signal processor 6 then applies the same process as that of the biological observation apparatus 1 (the
process based on the expressions (3) and (4)) to the second interference signal outputted from the light detector 27.
Thereby, the signal level of the second interference signal, which is a value corresponding to light intensity of the second
interference light, is calculated.

[0112] Then, processes based on the expressions (5) to (11) are subsequently performed in series, thereby producing
image data for one pixel corresponding to one position located in the Z-axis direction of one scan position. Furthermore,
the process for producing image data for one pixel is repeated until the scan position reaches the end position of the
scan range. Thereby, the image data for one frame is produced and converted into the video signal, and the video signal
is outputted to the display unit 8.

[0113] The biological observation apparatus 1A shown in Fig. 10 having the configuration described above provides
the same advantages as those of the biological observation apparatus 1 described above.

[0114] The biological observation apparatus 1A shown in Fig. 10 may be modified to a biological observation apparatus
1A’ shown in Fig. 13 which provides the same advantages as those of the biological observation apparatus 1 described
above. The same reference numerals as in Fig.10 denote the same parts in Fig. 13.

[0115] In Fig. 13, the light of wavelength A1 and the light of wavelength A2 are not emitted from the same light source
and are emitted from two separate light sources, respectively. That is, in the same manner as in Fig. 7, in the apparatus
1A’ shown in Fig. 13, the light source 211 emits light having a wavelength of A1 and the light source 212 emits light
having a wavelength of A2. The light of wavelength 11 emitted from the light source 211 enters the optical coupler 53
via an optical fiber 52aA, an optical coupler 54, and the optical fiber 52a. The light of wavelength A2 emitted from the
light source 212 enters the optical coupler 53 via an optical fiber 52aB, an optical coupler 54, and the optical fiber 52a.
[0116] The biological observation apparatus 1A shown in Fig. 10 may be modified to a biological observation apparatus
1A" shown in Fig. 14 which provides the same advantages as those of the biological observation apparatus 1 described
above. According to the configuration, image data inside the living tissue 101 is produced without using the reference
light described above, that is, without using the interference light. The same reference numerals as in Fig. 10 denote
the same parts in Fig. 14.

[0117] InFig. 14, the optical fiber 52c, the collimating lens 56, and the reference mirror 25 shown in Fig. 10 are removed.
Due to the configuration, the reference light does not enter the optical coupler 53. The light detector 27 detects only the
object light from the optical coupler 53. This configuration can also obtain tomographic images by which the shape or
the like of tumor tissue can be easily identified.

[0118] Inaddition, the biological observation apparatus 1A’ shown in Fig. 13 may be modified to a biological observation
apparatus 1A"™ shown in Fig. 15 in which the optical fiber 52c, the collimating lens 56, and the reference mirror 25 are
removed.

[0119] Referring to Figs. 16 and 17, a biological observation apparatus according to the second embodiment of the
present invention will now be described.

[0120] Hereinafter, explanations of parts having the same configuration as those of the first embodiment will be omitted.
The biological observation apparatus of the second embodiment has a configuration similar to that of the biological
observation apparatus of the first embodiment. For this reason, in the second embodiment, parts which are different
from those of the biological observation apparatus of the first embodiment will be mainly described.

[0121] Fig. 16 outlines a biological observation apparatus 1B. The same reference numerals as in Fig. 1 denote the
same parts in Fig. 16. This biological observation apparatus 1B comprises, as shown in Fig. 16, the radiation/reception
unit 2, the scan unit 3, the driving signal generator 4, the amplifier 5, a signal processor 6A, the display unit 8, and the
scan signal generator 9, which are main parts. The signal processor 6A comprises the computing section 6a, the memory
6b, and a determination section 6c.
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[0122] The determination section 6¢ determines whether a value written in the memory 6b as a calculation result of
the signal level of the first interference signal of one scan position is a significant value or not, that is, whether reflected
light of the light of wavelength A1 has been detected or not.

[0123] Then, when the determination section 6¢ determines that the value written in the memory 6b as a calculation
result of the signal level of the first interference signal of one scan position is a significant value, the determination section
6¢ judges that object light entering the radiation/reception unit 2 has such intensity that the object light can be detected.
The determination section 6¢ then outputs a calculation continuing instruction, which is an instruction for the continuation
of calculation and the like concerning the current scan position, to the computing section 6a.

[0124] When the determination section 6¢ determines that the value written in the memory 6b as a calculation result
of the signal level of the first interference signal is not a significant value, the determination section 6¢ judges that object
light entering the radiation/reception unit 2 has such intensity that the object light cannot be virtually detected. The
determination section 6¢ then outputs an instruction of changing the scan position from the current scan position to
another scan position to the computing section 6a.

[0125] Next, operations of the biological observation apparatus 1B according to the second embodiment will now be
described with reference to a flowchart shown in Fig. 17.

[0126] After each part of the biological observation apparatus 1B is powered up, the switches, which are mounted in
the operation device (not shown) are turned on. Thereby, the apparatus 1B is instructed to start obtaining biological
information of the living tissue 101.

[0127] Thedriving signal generator 4 outputs an ultrasound wave drive signal for radiating a predetermined ultrasound
wave to the ultrasound transducer 26 via the amplifier 5 in response to the instruction.

[0128] In step S21, the ultrasound transducer 26 and the acoustic lens 26a radiate a predetermined ultrasound wave,
in response to the ultrasound wave drive signal received from the amplifier 5, in the direction in which light is radiated
and toward the living tissue 101.

[0129] Meanwhile, the driving signal generator 4 generates a light source drive signal for making the unit 2 emit light
having a wavelength of A1 in response to the instruction, and outputs the light source drive signal to the light source 21.
[0130] Instep S22, the light source 21 radiates light having a wavelength of 11 to the half mirror 22 at one scan position
in response to the light source drive signal received from the driving signal generator 4.

[0131] Thereafter, as in the case of the first embodiment, object light, which is the light reflected at the position (position
of Z = Z,) corresponding to the area at which the ultrasound wave converges, enters the half mirror 22.

[0132] The objectlight entering the half mirror 22 from the ultrasound transducer 26 and the acoustic lens 26a interferes
with the reference light coming from the reference mirror 25 and enters the light detector 27 as first interference light.
[0133] In step S23, the light detector 27 applies heterodyne detection to the first interference light coming from the
half mirror 22, and converts the detected first interference light into a first interference signal, which is an electric signal.
The light detector 27 outputs the first interference signal to the signal processor 6A.

[0134] Instep S24,the computing section 6a of the signal processor 6A calculates the signal level of the firstinterference
signal as I(A1, Z,) which is shown by the expression (2), based on the first interference signal. The computing section
6a then writes the calculated value into the memory 6b.

[0135] In step S25, the determination section 6¢ determines whether or not a value written in the memory 6b as a
calculation result of the signal level of the first interference signal for one area of one scan position is a significant value,
that is, a non-zero value.

[0136] Then, when the determination section 6¢ determines that the value written in the memory 6b as a calculation
result of the signal level of the first interference signal for one area of one scan position is a significant value, the
determination section 6¢ judges that object light entering the radiation/reception unit 2 has such intensity that the object
light can be detected. The determination section 6¢ outputs a calculation continuing instruction, which is an instruction
for the continuation of calculation and the like for the one area of the one scan position, to the computing section 6a.
[0137] When the determination section 6¢ determines that the value written in the memory 6b as a calculation result
of the signal level of the first interference signal is not a significant value, that is, a value of zero, the determination
section 6¢ judges that object light entering the radiation/reception unit 2 has such intensity that the object light cannot
be virtually detected. The determination section 6¢ then outputs an instruction of changing the scan position from the
current scan position to another scan position to the computing section 6a. Then, when the computing section 6a receives
the instruction from the determination section 6c, the computing section 6a subsequently performs a process (described
later) shown in step S33.

[0138] Meanwhile, after the computing section 6a writes the calculation result of the signal level of the first interference
signal into the memory 6b, when the computing section 6a receives the calculation continuing instruction from the
determination section 6¢, the computing section 6a outputs a control signal for changing the wavelength of light radiated
to the living tissue 101 to the driving signal generator 4.

[0139] Thedriving signal generator 4 outputs an ultrasound wave drive signal for radiating a predetermined ultrasound
wave to the ultrasound transducer 26 via the amplifier 5 at the timing when the control signal is inputted from the signal
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processor 6A. The driving signal generator 4 then outputs a light source drive signal for changing the wavelength of light
radiated to the living tissue 101 from A1 to A.2.

[0140] In step S26, the ultrasound transducer 26 and the acoustic lens 26a radiate a predetermined ultrasound wave,
in response to the ultrasound wave drive signal received from the amplifier 5, in the direction in which light is radiated
and toward the living tissue 101. In step S27, the light source 21 radiates the light of wavelength A2 to the half mirror
22 in response to the light source drive signal received from the driving signal generator 4.

[0141] The light of wavelength A2 is reflected from the position of Z = Z as in the case of the light of wavelength A1.
The reflected light passes through the opening of the ultrasound transducer 26 and the acoustic lens 26a and enters
the half mirror 22 as object light.

[0142] The objectlight coming from the ultrasound transducer 26 and the acoustic lens 26a interferes with the reference
light coming from the reference mirror 25 in the half mirror 22 and enters the light detector 27 as second interference light.
[0143] In step S28, the light detector 27 applies heterodyne detection to the second interference light coming from the
half mirror 22, and converts the detected second interference light into a second interference signal, which is an electric
signal. The light detector 27 outputs the second interference signal to the signal processor 6A.

[0144] In step S29, the computing section 6a of the signal processor 6A calculates the signal level of the second
interference signal, which is shown as 1(A2, Z;)) by the expression (4), based on the second interference signal. In step
S30, the computing section 6a calculates the difference value Al between the signal level of the first interference signal
shown by the expression (5) and the signal level of the second interference signal shown by the expression (6) by using
the expression (7).

[0145] Then, in step S31, the computing section 6a applies FFT (fast Fourier transformation) to the right side of the
expression (7), thereby, calculating a variation of the Doppler shift amount Afyg at one area of one scan position as
shown in the expression (8). In addition, the computing section 6a obtains a calculation result of the expression (11) by
using the expressions (8), (9) and (10).

[0146] In step S32, the computing section 6a assumes the value of the right side of the expression (11), which is a
value obtained by subtracting the amount of change in the index of refraction of tumor tissue generated when the light
of wavelength A2 is emitted from the amount of change in the index of refraction of the tumor tissue generated when
the light of wavelength A1 is emitted, as a pixel value of the one area of the current scan position and produces image
data of the one area of the current scan position. Then, the computing section 6a relates the produced image data to
scan positional information, which shows positions within a scan range where the scan can be performed by the scan
unit 3, and positional information in the Z-axis direction, and stores the image data, the scan positional information, and
the positional information in the Z-axis direction in the memory 6b.

[0147] The operations of the steps S21 to S32 are performed multiple times while changing the position, at which the
ultrasound wave converges, in the depth direction (Z-axis direction shown in Fig. 1) of the living tissue 101 (that is, z =
Zy, Z1,72,...) by the acoustic lens 26a under the control of the signal processor 6.

[0148] In step S33, the computing section 6a determines whether or not the current scan position at which the image
data is obtained is the end position of the scan range of the scan unit 3. When the current scan position at which the
image data is obtained is not the end position of the scan range of the scan unit 3 (that is, when the whole scan is not
completed), in step S34, the computing section 6a controls the scan signal generator 9 to change the scan position from
the current scan position to another scan position (in the X-axis or Y-axis direction shown in Fig. 16). In addition, the
computing section 6a outputs a control signal to the driving signal generator 4 to change the wavelength of light radiated
to the living tissue 101. Thereafter, each part of the biological observation apparatus 1B repeats the above described
operations until the computing section 6a determines, in step S33, that the current scan position is the end position of
the scan range of the scan unit 3.

[0149] Note that, after the process in step S25, when the computing section 6a subsequently performs the processes
in steps S33 and S34, the computing section 6a does not output the control signal for changing the wavelength of light
radiated to the living tissue 101 to the driving signal generator 4 in order to make the light source 21 radiate the light of
wavelength A1 again.

[0150] Thereafter, when the computing section 6a detects a state in which the scan is completed based on a trigger
signal outputted from the driving signal generator 4, in step S35, the computing section 6a performs mapping to produce
image data for one frame. The mapping is performed by using the image data, and the scan positional information and
the positional information in the Z-axis direction related to the image data, which are stored in the memory 6b between
the time when the previous trigger signal is inputted and the time when the current trigger signal is inputted. The computing
section 6a converts the image data for one frame into a video signal and outputs the video signal to the display unit 8.
Thereby, based on the image data, the display unit 8 displays an image (tomographic image) inside the living tissue 101
in a plane such as an X-Z plane shown in Fig. 16.

[0151] The biological observation apparatus 1B of the second embodiment shown in Fig. 16 having the configuration
described above provides the same advantages as those of the biological observation apparatus 1 of the firstembodiment.
[0152] Note that, in the biological observation apparatus 1B of the second embodiment, for example, when it is de-
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termined at least a predetermined number of times that the value written in the memory 6b is not significant, the biological
observation apparatus 1B may skip the process for producing image data for one frame (the process in step S35 shown
in Fig. 12) to prevent the image which is not suitable for observation from being produced. In addition, while skipping
the process for producing image data for one frame (the process in step S35 shown in Fig. 12), a notification that the
image suitable for observation cannot be obtained may be provided on the display unit 8.

[0153] The biological observation apparatus 1B shown in Fig. 16 may be modified to a configuration which provides
the same advantages described above. The biological observation apparatus 1B may be modified to emit the light of
wavelength A1 and the light of wavelength A2 from two separate light sources, respectively. In addition, in the biological
observation apparatus 1B shown in Fig. 16, a light absorber composed of a board having a black color or the like may
be disposed instead of the reference mirror 25 as in the case of Fig. 8. In addition, the biological observation apparatus
1B shown in Fig. 16 may be modified to a configuration in which the light of wavelength A1 and the light of wavelength
A2 are emitted from two separate light sources, respectively, and a light absorber composed of a board having a black
color or the like is disposed instead of the reference mirror 25 as in the case of Fig. 9.

[0154] According to the biological observation apparatus and method of the embodiments of the present invention,
the burden on an operator can be reduced when treating tumor tissue.

[0155] Although the description above contains many specificities, these should not be construed as limiting the scope
of the invention but as merely providing illustrations of some of the presently preferred embodiments of the present
invention. Thus the scope of the present invention should be determined by the appended claims.

Claims
1. A biological observation apparatus comprising:

a sound wave radiating unit (2) configured to radiate a sound wave into an object (101) to be examined;

a driving signal generator (4) configured to output a light source drive signal;

a light radiating unit (21, 211, 212) configured to alternately radiate first light having a predetermined wavelength
and second light having a predetermined wavelength different from the first light into a portion of the object
(101) influenced by the sound wave based on the light source drive signal received from the driving signal
generator (4);

a detector (27) configured to detect reflected light of the first light and reflected light of the second light; and

a calculation unit (6a) configured to calculate characteristic information of the object (101) based on the reflected
light of the first light and the reflected light of the second light;

wherein the calculation unit (6a) is configured to calculate a difference value between an intensity of the reflected
light of the first light and an intensity of the reflected light of the second light, to apply a fast Fourier transformation
to the difference value, thereby calculating a variation of an amount of frequency modulation at the portion of
the object influenced by the sound wave, which is a variation of a Doppler shift amount, for each wavelength
and to produce image data of the object based on the difference between the Doppler shift amount obtained
by using the first light and the Doppler shift amount obtained by using the second light.

2. The apparatus according to claim 1, further comprising a determination unit (6c) that determines whether or not the
detector (27) has detected the reflected light of the first light, wherein the light radiating unit (21, 211, 212) radiates
the second light when the determination unit (6¢c) determines that the detector (27) has detected the reflected light
of the first light.

3. The apparatus according to claim 1, wherein the predetermined wavelengths are selected in a wavelength range
where sensitivity with respect to any change of oxygen saturation in the blood of the object is low and the absorbance

at the first and second wavelength becomes substantially equal to each other.

4. The apparatus according to claim 1, further comprising a display unit (8) that displays a tomographic image of the
object (101) based on the image data.

5. The apparatus according to claim 1, wherein a wavelength of the first light and a wavelength of the second light are
selected within a range from 800nm to 930nm.

6. The apparatus according to claim 1, wherein the light radiating unit (21, 211, 212) includes a first light radiating unit
(211) that radiates the first light and a second light radiating unit (212) that radiates the second light.
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7. The apparatus according to claim 1, wherein an angle of a direction in which the first light and the second light are
radiated and an angle of a direction in which the sound wave is radiated are different from each other with respect
to the object (101).

8. A biological observation method comprising the steps of:

radiating a sound wave into an object (101) to be examined;
radiating first light having a predetermined wavelength into a portion of the object (101) influenced by the sound
wave based on a timing at which a light source drive signal is received;
detecting reflected light of the first light;
radiating second light having a predetermined wavelength different from the first light into a portion of the object
(101) influenced by the sound wave based on the timing at which the light source drive signal is received;
detecting reflected light of the second light; and
calculating characteristic information of the object based on the reflected light of the first light and the reflected
light of the second light;
the method further comprising:
selecting the wavelengths in a wavelength range where sensitivity with respect to any change of oxygen
saturation in blood of the object is low and the absorbance at the first and second wavelength becomes
substantially equal to each other; calculating a difference value between the intensity of the reflected light
of the first light and the intensity of the reflected light of the second light;
applying a fast Fourier transformation to the difference value, thereby calculating a variation of an amount
of frequency modulation at the portion of the object influenced by the sound wave, which is a variation of
a Doppler shift amount, at each wavelength; and
producing image data of the object (101) based on the difference of the Doppler shift amount obtained by
using the first light and the Doppler shift amount obtained by using the second light.

9. The method according to claim 8, further comprising
determining whether or not the reflected light of the first light has been detected, and
radiating the second light when it is determined that the reflected light of the first light has been detected.

10. The method according to claim 8, wherein wherein the predetermined wavelengths are selected in a wavelength
range where sensitivity with respect to any change of oxygen saturation in the blood of the object is low and the
absorbance at the first and second wavelength becomes substantially equal to each other.

11. The method according to claim 8, further comprising:

displaying a tomographic image of the object (101) based on the image data.

12. The method according to claim 8, wherein a wavelength of the first light and a wavelength of the second light are
selected within a range from 800nm to 930nm.

Patentanspriiche

1. Biologische Betrachtungsvorrichtung, umfassend:

eine Schallwellen-Abstrahleinheit (2), die dazu ausgebildetist, eine Schallwelle in ein zu untersuchendes Objekt
(101) abzustrahlen;

ein Antriebssignal-Geber (4), der dazu ausgebildet ist, ein Lichtquellen-Antriebssignal auszugeben;

eine Licht-Abstrahleinheit (21, 211, 212), die dazu ausgebildet ist, abwechselnd erstes Licht mit einer vorbe-
stimmten Wellenldnge und zweites Licht mit einer vorbestimmten, von dem ersten Licht verschiedenen Wel-
lenldnge in einen Bereich des Objekts (101) abzustrahlen, der unter dem Einfluss der Schallwelle steht, basie-
rend auf dem von dem Antriebssignal-Geber (4) erhaltenen Lichtquellen-Antriebssignal;

ein Detektor (27), der dazu ausgebildet ist, reflektiertes Licht des ersten Lichts und reflektiertes Licht des zweiten
Lichts nachzuweisen; und

eine Berechnungseinheit (6a), die dazu ausgebildet ist, charakteristische Informationen beziglich des Objekts
(101) basierend auf dem reflektierten Licht des ersten Lichts und dem reflektierten Licht des zweiten Lichts zu
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berechnen;

wobei die Berechnungseinheit (6a) dazu ausgebildet ist, einen Differenzwert zwischen einer Intensitat des
reflektierten Lichts des ersten Lichts und einer Intensitat des reflektierten Lichts des zweiten Lichts zu berechnen,
eine schnelle Fourier-Transformation auf den Differenzwert anzuwenden, um so eine Veranderung eines Be-
trags einer Frequenzmodulation in dem Bereich des Objekts zu berechnen, der unter dem Einfluss der Schall-
welle steht, welche eine Veranderung eines Doppler-Verschiebungs-Betrags ist, fir jede Wellenlange, und
Bilddaten des Objekts basierend auf dem Unterschied zwischen dem Doppler-Verschiebungs-Betrag, der unter
Verwendung des ersten Lichts erhalten wird, und dem Doppler-Verschiebungs-Betrag, der unter Verwendung
des zweiten Lichts erhalten wird, zu erzeugen.

Vorrichtung nach Anspruch 1, ferner umfassend

eine Bestimmungs-Einheit (6a), die bestimmt, ob oder ob nicht der Detektor (27) das reflektierte Licht des ersten
Lichts nachgewiesen hat, wobei

die Licht-Abstrahleinheit (21, 211, 212) das zweite Licht abstrahlt, wenn die Bestimmungs-Einheit (6a) bestimmt,
dass der Detektor (27) das reflektierte Licht des ersten Lichts nachgewiesen hat.

Vorrichtung nach Anspruch 1, wobei die vorbestimmten Wellenlangen in einem Wellenldngenbereich gewahlt wer-
den, in dem die Empfindlichkeit bezlglich jeder Veranderung der Sauerstoffsattigung in dem Blut des Objekts niedrig
ist und der Absorptionsgrad bei der ersten und zweiten Wellenlange im Wesentlichen gleich ist.

Vorrichtung nach Anspruch 1, ferner umfassend eine Anzeigeeinheit (8), die ein tomographisches Bild des Objekts
(101) basierend auf den Bilddaten anzeigt.

Vorrichtung nach Anspruch 1, wobei eine Wellenlange des ersten Lichts und eine Wellenlange des zweiten Lichts
innerhalb eines Bereichs von 800 nm bis 930 nm gewahlt wurden.

Vorrichtung nach Anspruch 1, wobei die Licht-Abstrahleinheit (21, 211, 212) eine erste Licht-Abstrahleinheit (211),
die das erste Licht abstrahlt, und eine zweite Licht-Abstrahleinheit (212), die das zweite Licht abstrahlt, umfasst.

Vorrichtung nach Anspruch 1, wobei ein Richtungswinkel, unter dem das erste und zweite Licht abgestrahlt werden,
und ein Richtungswinkel, unter dem die Schallwelle abgestrahlt wird, bezliglich des Objekts (101) unterschiedlich
voneinander sind.

Biologisches Betrachtungsverfahren, welches die Schritte aufweist:

Abstrahlen einer Schallwelle in ein zu untersuchendes Objekt (101);

Abstrahlen von erstem Licht mit einer vorbestimmten Wellenlange in einen Bereich des Objekts (101), der unter
dem Einfluss der Schallwelle steht, basierend auf einem Zeitpunkt, zu dem ein Lichtquellen-Antriebssignal
erhalten wird;

Nachweisen von reflektiertem Licht des ersten Lichts;

Abstrahlen von zweitem Licht mit einer vorbestimmten, von dem ersten Licht verschiedenen Wellenlange in
einen Bereich des Objekts (101), der unter dem Einfluss der Schallwelle steht, basierend auf einem Zeitpunkt,
zu dem das Lichtquellen-Antriebssignal erhalten wird;

Nachweisen von reflektiertem Licht des zweiten Lichts; und

Berechnen von charakteristischer Information bezlglich des Objekts basierend auf dem reflektierten Licht des
ersten Lichts und dem reflektierten Licht des zweiten Lichts;

wobei das Verfahren ferner umfasst:

Wahlen der Wellenldngen in einem Wellenldngenbereich, in dem die Empfindlichkeit bezlglich jeder Verande-
rung der Sauerstoffsattigung in dem Blut des Objekts niedrig ist und der Absorptionsgrad bei der ersten und
zweiten Wellenlange im Wesentlichen gleich ist;

Berechnen eines Differenzwertes zwischen der Intensitat des reflektierten Lichts des ersten Lichts und der
Intensitat des reflektierten Lichts des zweiten Lichts;

Anwenden einer schnellen Fourier-Transformation aufden Differenzwert, um so eine Veranderung eines Betrags
einer Frequenzmodulation in dem Bereich des Objekts zu berechnen, der unter dem Einfluss der Schallwelle
steht, welche eine Veranderung eines Doppler-Verschiebungs-Betrags ist, bei jeder Wellenlange; und
Erzeugen von Bilddaten des Objekts (101) basierend auf dem Unterschied zwischen dem Doppler-Verschie-
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bungs-Betrag, der unter Verwendung des ersten Lichts erhalten wurde, und dem Doppler-Verschiebungs-Be-
trag, der unter Verwendung des zweiten Lichts erhalten wurde.

Verfahren nach Anspruch 8, ferner umfassend

Bestimmen, ob oder ob nicht das reflektierte Licht des ersten Lichts nachgewiesen wurde, und

Abstrahlen des zweiten Lichts, wenn bestimmt wurde, dass das reflektierte Licht des ersten Lichts nachgewiesen
wurde.

Verfahren nach Anspruch 8, wobei die vorbestimmten Wellenlangen in einem Wellenl&dngenbereich gewahlt werden,
in dem die Empfindlichkeit bezuglich jeder Verédnderung der Sauerstoffsattigung in dem Blut des Objekts niedrig ist
und der Absorptionsgrad bei der ersten und zweiten Wellenlange im Wesentlichen gleich ist.

Verfahren nach Anspruch 8, ferner umfassend:

Anzeigen eines tomographisches Bildes des Objekts (101) basierend auf den Bilddaten.

Verfahren nach Anspruch 8, wobei eine Wellenldnge des ersten Lichts und eine Wellenldnge des zweiten Lichts
innerhalb eines Bereichs von 800 nm bis 930 nm gewahlt werden.

Revendications

1.

Appareil d'observation biologique, comprenant :

une unité de rayonnement d’onde sonore (2) configuré pour rayonner une onde sonore dans un objet (101) a
examiner ;

un générateur de signal d’entrainement (4) configuré pour délivrer en sortie un signal de commande de source
de lumiére ;

une unité de rayonnement de lumiére (21, 211, 212) configurée pour rayonner alternativement une premiére
lumiére ayant une longueur d’'onde prédéterminée et une seconde lumiere ayant une longueur d’onde prédé-
terminée différente de la premiére lumiere dans une partie de I'objet (101) influencé par 'onde sonore sur la
base du signal de commande de source de lumiére regu a partir du générateur de signal de commande (4) ;
un détecteur (27) configuré pour détecter la lumiére réfléchie de la premiére lumiére et la lumiére réfléchie de
la seconde lumiére ; et

une unité de calcul (6a) configurée pour calculer les informations caractéristiques de 'objet (101) sur la base
de la lumiére réfléchie de la premiére lumiére et la lumiére réfléchie de la seconde lumiére ;

dans lequel I'unité de calcul (6a) est configurée pour calculer une valeur de différence entre une intensité de
la lumiére réfléchie de la premiére lumiére et une intensité de la lumiére réfléchie de la seconde lumiére, pour
appliquer une transformation de Fourier rapide a la valeur de différence, calculant ainsi une variation d’'une
quantité de la modulation de fréquence au niveau de la partie de I'objet influencée par 'onde sonore, qui est
une variation d’une quantité de décalage Doppler, pour chaque longueur d’onde, et pour produire des données
d’'image de l'objet sur la base de la différence entre la quantité de décalage Doppler obtenue en utilisant la
premiére lumiere et la quantité de décalage Doppler obtenue en utilisant la seconde lumiére.

Appareil selon la revendication 1, comprenant en outre

une unité de détermination (6¢) qui détermine si oui ou non le détecteur (27) a détecté la lumiére réfléchie de la
premiére lumiére, dans laquelle

I'unité de rayonnement de lumiére (21, 211, 212) rayonne la seconde lumiére lorsque I'unité de détermination (6c¢)
détermine que le détecteur (27) a détecté la lumiére réfléchie de la premiére lumiére.

Appareil selon la revendication 1, dans lequel les longueurs d’onde prédéterminées sont choisies dans une plage
de longueur d’onde ou la sensibilité a 'égard de toute modification de la saturation en oxygéne dans le sang de
I'objet est faible et 'absorbance a la premiére et la seconde longueur d’'onde deviennent sensiblement égales I'une
a l'autre.

Appareil selon larevendication 1, comprenant en outre une unité d’affichage (8) qui affiche une image tomographique
de I'objet (101) sur la base des données d’image.
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Appareil selon la revendication 1, dans lequel une longueur d’'onde de la premiére lumiére et une longueur d’'onde
de la seconde lumiéere sont choisies dans une plage de 800 nm a 930 nm.

Appareil selon la revendication 1, dans lequel I'unité de rayonnement de lumiére (21, 211, 212) comprend une
premiére unité de rayonnement de lumiére (211) qui rayonne la premiéere lumiére et une seconde unité de rayon-
nement de lumiere (212) qui rayonne la seconde lumiére.

Appareil selon la revendication 1, dans lequel un angle d’'une direction dans laquelle la premiére lumiére et la
seconde lumiére sont rayonnées et un angle d’'une direction dans laquelle 'onde sonore est rayonnée sont différents
I'un de l'autre en ce qui concerne I'objet (101).

Procédé d’observation biologique comprenant les étapes de :

rayonnement d’'une onde sonore dans un objet (101) a examiner ;

rayonnement d’'une premiére lumiére ayant une longueur d’'onde prédéterminée dans une partie de I'objet (101)
influencée par 'onde sonore sur la base d’'un moment auquel un signal de commande de source lumineuse
estregu ;

détection de la lumiere réfléchie de la premiére lumiére ;

rayonnement d’une seconde lumiere ayantune longueur d’'onde prédéterminée différente de la premiére lumiére
dans une partie de I'objet (101) influencée par I'onde sonore sur la base du moment auquel le signal de com-
mande de source lumineuse est regu ;

détection de la lumiére réfléchie de la seconde lumiére ; et

calcul des informations caractéristiques de 'objet sur la base de la lumiére réfléchie de la premiere lumiere et
la lumiére réfléchie de la seconde lumiére ;

le procédé comprenant en outre :

la sélection des longueurs d’onde dans une plage de longueur d’onde ou la sensibilité a I'égard de toute
modification de la saturation en oxygéne dans le sang de I'objet est faible et 'absorbance a la premiere et la
seconde longueur d’'onde deviennent sensiblement égales I'une a l'autre ; le calcul d’'une valeur de différence
entre l'intensité de la lumiére réfléchie de la premiere lumiére et I'intensité de la lumiére réfléchie de la seconde
lumiére ;

I'application d’'une transformation de Fourier rapide a la valeur de différence, calculant ainsi une variation d’'une
quantité de modulation de fréquence a la partie de I'objet influencée par 'onde sonore, qui est une variation
d’'une quantité de décalage Doppler, a chaque longueur d’onde ; et

la production de données d'image de I'objet (101) surla base de la différence de la quantité de décalage Doppler
obtenue en utilisant la premiére lumiére et la quantité de décalage Doppler obtenue en utilisant la seconde
lumiére.

Procédeé selon la revendication 8, comprenant en outre

la détermination si oui ou non la lumiére réfléchie de la premiere lumiére a été détectée, et

le rayonnement de la seconde lumiére lorsqu’il est établi que lalumiere réfléchie de la premiére lumiére a été détectée.
Procédé selon la revendication 8, dans lequel les longueurs d’onde prédéterminées sont choisies dans une plage
de longueur d’onde ou la sensibilité a I'égard de toute modification de la saturation en oxygéne dans le sang de
I'objet est faible et 'absorbance a la premiére et la seconde longueur d’onde deviennent sensiblement égales I'une
a lautre.

Procédé selon la revendication 8, comprenant en outre :

I'affichage d’'une image tomographique de I'objet (101) sur la base des données d’image.

Procédé selon la revendication 8, dans lequel une longueur d’onde de la premiére lumiére et une longueur d’onde
de la seconde lumiéere sont choisies dans une plage de 800 nm a 930 nm.

18



EP 2 138 101 B1

¢~  waHnawy - _
f i X A
i
] t
v ~] woIvuanad \T\/..ll&l/
TYNOIS DNIANG w7 TN
R f .__ i ___ v»-.\s_:
. | \ -
..... e
S “
! 0z :
¥ ! i
NOLL3S ! - - - i
Eozsmzs < " _l_ — — = m
T~ 40SS3008d -, ! { -~ “
W _wols | L /2 2 | o |
“ !
NN 9 " 308N0S _
AVidsid A 2~ “\Hon |
w | ! o ]
HOLVYINID
6~ TNDIS VDS >| LINO NYDS

"0l . F

19



EP 2 138 101 B1

000}

056 0c6

(WY ) HLONTTIAYAM

006

08

008

0SL

I

(fow/,w)06:06 = [GH{2OH] —--—
(iot/y WaYoE:0f = [QH]{Z09H] - -----
(owy, wd)0z:08 = [H][209H] —-—

(Jow/; Wo)G:66 = [AH][¢09H] ——

1

It e 4 4

1140 4 1 ¢

¢ Ol4

of

001

goot

0000}

00000}

(low/y.10) ALIALLEMOSEY ¥V IO

20



EP 2 138 101 B1

FIG.3

S13

§

RADIATE A PREDETERMINED
ULTRASOUND WAVE

. S1

]

RADIATE LIGHT HAVING A WAVELENGTH OF 11

S2

v

DETECT FIRST INTERFERENCE LIGHT

~ S3

¥

CALCULATE THE SIGNAL LEVEL OF
A FIRST INTERFERENCE SIGNAL

~ S4

¥

RADIATE A PREDETERMINED ULTRASOUND WAVE

~ S5

v

RADIATE LIGHT HAVING A WAVELENGTH OF A2

~ S6

v

DETECT SECOND INTERFERENCE LIGHT

Y

CALCULATE THE SIGNAL LEVEL OF
A SECOND INTERFERENCE SIGNAL

~- S8

v

CHANGE THE
SCAN POSITION

A

CALCULATE THE DIFFERENCE VALUE Al
BETWEEN THE SIGNAL LEVEL OF THE
FIRST INTERFERENCE SIGNAL AND THE
SIGNAL LEVEL OF THE SECOND
INTERFERENCE SIGNAL

~ S9

v

CALCULATE A VARIATION OF THE DOPPLER
SHIFT AMOUNT Afqs BASED ON
THE DIFFERENCE VALUE Al

~S10

¥

PRODUCE IMAGE DATA BASED ON THE
VARIATION OF THE DOPPLER SHIFT
AMOUNT Afge

~-S11

NO END POSITION OF

DATA FOR ONE FRAME

21

S12

PRODUCE AND OUTPUT IMAGE | g14



EP 2 138 101 B1

FIG.4

101 101a
) \
\
e A A~ 101b
L/ A7

101 101a
) \
| /ﬁ7"\
Ba0BRBEnaeanas : smeiia~_~ 101b

N o

22



EP 2138 101 B1

FIG.6

101 1({1a

23




EP 2 138 101 B1

G2

g~ w4y - m
‘ b X A
‘ ]
& 1
¥ ~{ HOLVHANTD \T\/.ll\«n}
TYNDIS ONIARIG 101 \ PV
L} f T I v!.\z:
] |
] ] ,
~. ] \ ’
egr | W
; /wmﬂw\
I ] 9z
I
NOLLO3S _ — — —
E oMRdog) < ! ] — — —
~1  40SSI004d ! { -
W wwois  |®9 L 22 4
-~ m 282 Ey
JINN 9 ] 211 1Hom
AV1dsId .N\:c.” 182 30HN0S
! _ 1121_1HoN
s Y gt B e Bttt
HOLVYINID
6~ TynoIS NVDS o AINA NVOS

.t = = e - - e

[

24



G~ HIENdWY

|

¥~ YOLWYYINID

EP 2 138 101 B1

“IVNDIS ONIARIO
A

NOLD3S
E oNILNdHoa] [<

~
A 40SSIV0Hd T
a9 TYNDIS €9

\

1INN 9
AV1dSId

I
-
N
\
!
!

~—1_ 1
Hy
N\
Y
i
=

W an alant e o o o v v v e > S - - - - - o

)
Q . T T

HOLV4INID
67 NDIS NvOS LINNNYOS

|

7

8 Ol | g

25



EP 2 138 101 B1

6~ Y3IUNdAY

I

Y~ YOlv43IN3D

\

2NN
AV1dSIO

)
8

TVNDIS DNIAMQ 101 \ Voo .
] Tl e
A
- ' 1 d
..... A ey
m == "
“ 9¢ i
¥ " r u
NOLLOZS ' — — - ]
[z B = = = |
~T~ ¥0SS3004d T “ _.,. - !
s WNDIS [ %9 VY 2¢ 4 & |
_ 338N0S _ S
w\ m e8e 212 hmm: m
w1 THN0S _
" 8¢ 1z _1Hon “_
vy BV ey -
HOLYHINID
6~ Tvnois NYOS |

6 Old

26



EP 2 138 101 B1

HOLYHINID

TVYNODIS NV3S

[

HOLVHINID
TYNDIS
ONIANA

T\

L\.A( —1 34Ny
NN
29Z t ,_ w

A
qes

¢ o¢s €s BZG

96

Ny

g\ e
NOLIO3S
[EGTELD el

> 40SS330¥d
TYNOIS

29

|| 1NN
AY1dSId

)
Le 3

)
8

JoUN0S [

LHOIT

)
le

01 OId

Vi

27



EP 2 138 101 B1

FIG.11

52a 52c¢
60d

52d N\ 52b

28



EP 2 138 101 B1

)
G

qzq

G¢ 226

96

a9 !
JE ohounoss
H0SS300ud

PeS
gecs

(4
141

vees

€6

H3ETdNY Al

1 HOLVHINID

TVNDIS NVOS

!

YO.1VYIN3D

TVYNOIS

ONIARIA

N

14

€9

1INN

INA

>

TYNDIS

"1 AV1dSIA

5
9

sounos ¢

)
8

1H9N
30HN0S {2 e

1HOIM

€1 Ol

Vi

29



EP 2 138 101 B1

— Y3)ATdWY

YOLVYH3INIO
TVYNDIS NYOS

h

6

HOLVHINID
TVYNOIS

T\

)
g

ONIARIQ

.y

AHOKIN aumw%wo ‘

€9

TVNIIS

H0SS$3004d

| 1INN
AV1dSIa

)
9

)
8

33dN0S
1HON

)
12

¥1°Old

W1

30



EP 2 138 101 B1

HO1VYIN3O

TVYNDIS NYOS

a

HO1VHIN3O

6

HIHNdWY

)
G

veces

< VNDIS

ONIADQ

~N
v

y°0

™ {raorn]| JOL%EE

1INN
.| ¥0ssI00ud |-
TYNDIS AV1dS1a

) )
9 | 8

ounos P ¢

LHOI .
ounos

1HOI

G1OI4

31



EP 2 138 101 B1

6~  Y3UNdAWY

¥~ ¥OoLvYINId

|

TYNOIS DNIAIKA

!

: “
og v ! 9¢ :
//1* NOLLD3S NOLLYMW3L3C] | _l_ m
OED NOLLI3S | t= ! - - — )
‘ ONLLNGHOD “ « \ -« - “
gg| HOSSIOOU T ! 77 m
! TYNDIS £g | 12 } A
|
TN < “ "
&S0 Vo 2 jz~] oUN0S m
_ i
8 y - S 3
HOLYYANTD
6~ wnaisnvos || TNHAVOS

91 Old

32



EP 2 138 101 B1

FIG.17

START

S34
§

RADIATE A PREDETERMINED
ULTRASQUND WAVE

S21

Y

RADIATE LIGHT HAVING A WAVELENGTH OF A 1

~S22

¥

DETECT FIRST INTERFERENCE LIGHT

~S23

¥

CALCULATE THE SIGNAL LEVEL OF
A FIRST INTERFERENCE SIGNAL

~S24

THE CALCULATED

S25

NO

SIGNAL LEVEL IS A SIGNIFICANT
VALUE ?

RADIATE A PREDETERMINED ULTRASOUND WAVE

~~S26

¥

RADIATE LIGHT HAVING A WAVELENGTH OF A2

~S27

v

DETECT SECOND INTERFERENCE LIGHT

~S28

v

CALCULATE THE SIGNAL LEVEL OF
A SECOND INTERFERENCE SIGNAL

~S529

Y

CHANGE THE
SCAN POSITION

\

CALCULATE THE DIFFERENCE VALUE Al
BETWEEN THE SIGNAL LEVEL OF THE
FIRST INTERFERENCE SIGNAL AND THE
SIGNAL LEVEL OF THE SECOND
INTERFERENCE SIGNAL

~S30

CALCULATE A VARIATION OF THE DOPPLER
SHIFT AMOUNT Afgs BASED ON
THE DIFFERENCE VALUE Al

~S31

Y
PRODUCE IMAGE DATA BASED ON THE
VARIATION OF THE DOPPLER SHIFT
AMOUNY Afss
le

~~S32

NO END POSITION OF

E FRAME

END

33

S33

PROGUCE AND OUTEUT IMAGE
DATA FOR ONE F S35




EP 2 138 101 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP 2008154432 A [0001] « US 7251518 B [0011]
* JP 2000088743 A [0007] [0008] * US 2005256403 A [0012]
* US 2004127782 A[0010] « EP 1810610 A1 [0013]

34



patsnap

EREHR(GF) EYMREBN S E

DFH(RE)S EP2138101B1 NIF(AEH)A 2016-12-07

RiES EP2009007784 RiEH 2009-06-12
FRIBFE(EFR)AF) RMBHETHRI S

BE (BRI AGR) BEMBHETRELN A

LETEHIB(ERR)A(E) OLYMPUS CORPORATION

[#R]REAA IGARASHI MAKOTO

RHAA IGARASHI, MAKOTO

IPCHEE GO01N21/17 GO1N21/47 A61B8/00 GO1N29/24 A61B5/00 A61B8/08 GO1N29/06

CPCH#E GO01N21/1717 A61B5/0068 A61B5/0073 A61B5/0095 A61B8/08 GO1N21/1702 GO1N21/4795 GO1N29

/0672 GO1N29/2418 GO1N2021/1787

k5 2008154432 2008-06-12 JP

H AN FF 3Tk EP2138101A1

INEREESE Espacenet

BE(R)

BEAREN—NAFENEYNERRLERE  ERESHET | FEKE f
HEASRENFNRPAEHET  BEEAMERKNE—XNTRETF

F-ANE-K, SEFREHHWEN—I2 , BNE— KO REH ’ A
MEZ RO AWRNES |, URETE— ARSI E YRR ISE

FEENTEETME_SITNRE X,



https://share-analytics.zhihuiya.com/view/d08a5a44-6711-4626-a8cf-131c8788800f
https://worldwide.espacenet.com/patent/search/family/041211754/publication/EP2138101B1?q=EP2138101B1

