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ULTRASOUND DIAGNOSTIC APPARATUS
AND BIOMEDICAL EXAMINATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2016-049992, filed Mar. 14, 2016 the entire contents
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus and a biomedical exami-
nation apparatus.

BACKGROUND

[0003] Embodiments described herein relate generally to
an ultrasound diagnostic apparatus and a biomedical exami-
nation apparatus.

[0004] Breast cancer is one of the causes of women death.
Breast cancer screening and early diagnosis have very high
values in terms of reducing mortality rate and suppressing
the cost of health care.

[0005] Existing methods include palpation of breast tis-
sues and X ray imaging for searching for suspected tissue
deformation. If there is a suspected portion in an X ray
photograph, ultrasound imaging is performed, and surgical
tissue examination is further performed. A series of these
examinations require much time to reach a final conclusion.
In addition, since premenopausal young women have many
mammary glands, high sensitivity is difficult to obtain in X
ray imaging. Therefore, screening using ultrasound imaging
has great significance for the young generation, in particular.
[0006] In general, in ultrasound imaging, a certified opera-
tor acquires ultrasound images, and an expert interpreter (a
plurality of interpreters in some cases) makes determination
from morphological information on the images. When pet-
forming medical examination, the maximum number of
persons subjected to screening per operator per day is 50 in
consideration of the risk of oversights caused by the fatigue
and lack of concentration of the operator.

[0007] In order to acquire a still image capturing a mor-
phological characteristic in ultrasound imaging, it is very
important for the operator to have knowledge and experi-
ence. High skill is also required to perform accurate and
quick screening. For example, standard examination times
per object are 5 to 10 min. However, it sometimes takes
more time for screening depending on the skill of an
operator. That is, in screening based on current ultrasound
imaging, the accuracy of image acquisition may vary
depending on the levels of skill of operators. When acquir-
ing images, the operator needs to keep paying close attention
to images. Besides, he/she takes charge of making determi-
nation by himself/herself, and hence a heavy mental strain is
imposed on him/her even if he/she is a skilled operator.
Although there is available a scheme of acquiring all image
information from a moving image, there is no established
technique for automatic search using image recognition. For
this reason, an interpreter searches a moving image for still
images. In this case, a heavy burden is imposed on the
interpreter.
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[0008] 1In order to solve the above problem, the present
applicant has proposed an apparatus with the concept of
complement of ultrasound echo diagnosis by using a com-
pact optical examination system designed to reduce a burden
on a technician by guiding the measurement position of an
ultrasound echo probe in a plane direction based on the
metabolic information of the living body which is obtained
by optical measurement. FIG. 18 shows the light absorption
spectra of oxygenated hemoglobin and deoxygenated hemo-
globin. In general, deoxygenated hemoglobin ratio in a
malignant tumor region is higher in ratio than in a healthy
region, and hence an analysis result on the absorption of
deoxygenated hemoglobin is one of the bases for determin-
ing the degree malignancy of a target region in optical
biomedical examination. The wavelength regions of light
suitable for the light absorption measurement of deoxygen-
ated hemoglobin are 740 nm to 790 nm in the near infrared
light region and 650 nm to 690 nm in the red light region.
The wavelength region of light suitable for the light absorp-
tion measurement of oxygenated hemoglobin is 830 nm to
900 nm in the near infrared light region. The wavelength
region of light to identify a total hemoglobin amount is, for
example, 800 nm to 820 nm in the near infrared light region.
Specific light sources include an LED and an LD. In
consideration of absorption wavelength of other biological
components such as water, fat, and melanin and biodistri-
butions, an output light intensity and a half width must be
properly selected for a light source.

[0009] As a method of effectively detecting a suspected
position in a breast cancer detection technique, there has also
been proposed a method using a plurality of light sources
having peaks at different wavelengths corresponding to the
light absorption of oxygenated hemoglobin and deoxygen-
ated hemoglobin. This method detects abnormal absorption
based on a value (light intensity ratio) obtained by normal-
izing the light intensity of one light source with the light
intensity of the other light source. In a normal region of the
breast, since there is no difference in oxygen saturation in
blood, normalized light intensities are almost constant. In
contrast to this, a malignant tumor region such as a breast
cancer region is higher in blood density and lower in oxygen
saturation than the surrounding region, and hence it is
possible to detect a difference in normalized light intensity.
Detecting a normalized light intensity difference makes it
possible to implement navigation to a suspected position
(the position of an abnormal region or suspected abnormal
region) or feedback to a precise measurement position at the
time of automatic measurement.

[0010] As described above, normalized light intensities
are effective for the navigation of a probe to a suspected
position. On the other hand, in order to derive a light
absorption coeflicient in each region, it is necessary to
perform analysis of each wavelength. When, for example,
quantifying the oxygen saturation of a suspected cancer
region, it is necessary to perform analysis to derive light
absorption coefficients with respect to near-infrared wave-
lengths corresponding to oxygenated hemoglobin and
deoxygenated hemoglobin. For this reason, normalized light
intensities cannot be used for the quantification of oxygen
saturations.

[0011] On the other hand, a serious problem in the actual
measurement of the living body is a shift/variation in
measurement light intensity caused by pressing and relaxing
of a probe. The present inventors have solved this problem
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by performing the correction processing of performing nor-
malization with a reference light source of a wavelength
near to a measurement wavelength.

[0012] In general, however, the light intensity ratio differ-
ence between a healthy region and a suspected region is
small. For this reason, using light intensity ratios sometimes
makes it impossible to perform satisfactory appearance
determination concerning a suspected region, and hence
further improvements are demanded.

[0013] It is an object of an embodiment to provide an
ultrasound diagnostic apparatus and living body examina-
tion apparatus which can accurately guide an optical ultra-
sound probe to a body surface portion corresponding to a
suspected region when measuring light intensities by bring-
ing the optical ultrasound probe into contact with the object.

BRIEF DESCRIPTION OF THE DRAWING

[0014] FIG.11is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus 1 according to an
embodiment;

[0015] FIG. 2 is a view showing a probe P when viewed
from the contact surface side with an object;

[0016] FIG. 3 is a sectional view taken along A-A in FIG.
2 when viewed from the arrow direction;

[0017] FIG. 4 is a block diagram for explaining the
arrangement of an optical measurement processing unit 42;
[0018] FIG. 5 is a view showing the circuit arrangement of
the optical measurement system of a biomedical examina-
tion apparatus 4;

[0019] FIG. 6A is a view for explaining optical measure-
ment processing complying with a rough search mode, and
FIG. 6B is view for explaining optical measurement pro-
cessing complying with a fine adjustment mode;

[0020] FIG. 7A is a graph showing the spatial distribution
of normalized light intensity ratios with respect to a simu-
lated benign tumor and a simulated malignant tumor, and
FIG. 7B is a graph showing light intensities with respect to
the benign and the malignant;

[0021] FIG. 8 is a flowchart showing probe navigation
processing based on proximity evaluation values, which is
executed in the rough search mode;

[0022] FIG. 9 is a graph showing measured light intensi-
ties, a normalized value, and a proximity evaluation value
together with corresponding reference values;

[0023] FIG. 10 is a graph similar to that shown in FIG. 9
with respect to a patient different from the one in FIG. 9;
[0024] FIG. 11 is a graph showing the spatial distribution
of values obtained by normalizing light intensities measured
using light having wavelength A1=765 nm with an initial
value at the time of optical measurement of a phantom;
[0025] FIG. 12 is a graph showing the spatial distribution
of values obtained by normalizing light intensities measured
using light having wavelength A0=809 nm with an initial
value at the time of optical measurement of a phantom;
[0026] FIG. 13 is a graph showing the spatial distribution
of values obtained by normalizing normalized M0 intensities
with normalized Al intensities at the time of optical mea-
surement of a phantom;

[0027] FIG. 14 is a graph showing the spatial distribution
of proximity evaluation values at the time of optical mea-
surement of a phantom;

[0028] FIG. 15 is a graph showing the distribution of
proximity evaluation values when weight indices G1 and G2
are set to (0.1, 1),
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[0029] FIG. 16 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (0.1, 2);

[0030] FIG. 17 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (0.1, 3);

[0031] FIG. 18 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (0.1, 5);

[0032] FIG. 19 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (0.1, 3);

[0033] FIG. 20 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (0.3, 3);

[0034] FIG. 21 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
[0035] @2 are set to (0.5, 3);

[0036] FIG. 22 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (0.7, 3);

[0037] FIG. 23 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (1, 3); and

[0038] FIG. 24 is a graph showing the distribution of
proximity evaluation values when the weight indices G1 and
G2 are set to (2, 3).

DETAILED DESCRIPTION

[0039] According to one embodiment, an ultrasound diag-
nostic apparatus comprises an ultrasound probe, an optical
probe, processing circuitry and an output unit. The ultra-
sound probe transmits an ultrasound wave from an ultra-
sound transmission/reception surface to an object and
receives an ultrasound wave reflected by the inside of the
object via the ultrasound transmission/reception surface.
The optical probe includes a plurality of light sources
configured to generate light beams respectively light-inten-
sity modulated by different frequencies, a plurality of irra-
diation units respectively optically connected to the plurality
of light sources and configured to irradiate the inside of the
object with light beams generated by the respective light
sources from a periphery of the ultrasound transmission/
reception surface, and a plurality of optical detectors con-
figured to detect intensities of light beams having the
different peak wavelength which are applied from the
respective irradiation units and diffused/reflected by the
inside of the object, the optical probe being integrally
provided with the ultrasound probe. The processing circuitry
sets one of wavelengths of the plurality of light sources as
a reference wavelength, normalizes an intensity of light
having a wavelength other than the reference wavelength,
which is detected by a pair of the each light irradiation unit
and the each optical detector, with an intensity of light
having the reference wavelength, calculates a first value for
the each pair by nonlinear enhancement correction of the
normalized light intensity, calculates a second value for the
each pair by nonlinear reduction correction of an intensity of
light having the reference wavelength detected by the each
pair, and calculates an evaluation value based on a value
obtained by multiplication of the first value and the second
value for the each pair. The output unit outputs information
for navigating a placement position of at least one the
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ultrasound probe and the optical probe to a suspected
position based on the evaluation value.

[0040] An embodiment will be described below with
reference to the accompanying drawing. Note that the same
reference numerals in the following description denote con-
stituent elements having almost the same functions and
arrangements, and a repetitive description will be made only
when required.

[0041] FIG.11is a block diagram showing the arrangement
of an ultrasound diagnostic apparatus 1 according to this
embodiment. The ultrasound diagnostic apparatus 1 shown
in FIG. 1 includes a probe P, an input device 13, a monitor
14, an ultrasound transmission unit 21, an ultrasound recep-
tion unit 22, a B-mode processing unit 23, a blood flow
detection unit 24, a RAW data memory 25, a volume data
generation unit 26, an image processing unit 28, a display
processing unit 30, a control processor (CPU) 31, a storage
unit 32, an interface unit 33, an optical measurement pro-
cessing unit 42, and a support information generation unit
44.

[0042] Note that the above constituent elements of the
ultrasound diagnostic apparatus according to this embodi-
ment can be broadly classified into the probe P including an
ultrasound probe 12 and an optical probe 40, an optical
measurement system which performs biomedical examina-
tion using light, and an ultrasound imaging system which
obtains an image by ultrasound waves. These components
will be separately described below.

(Probe P)

[0043] FIG. 2 is a view showing the probe P when viewed
from the contact surface side with an object. FIG. 3 is a
sectional view taken along A-A in FIG. 2 when viewed from
the arrow direction. As shown in FIGS. 1 to 3, the probe P
includes the ultrasound probe 12 and the optical probe 40.
[0044] The ultrasound probe 12 is a device (probe) which
transmits ultrasound waves to an object, typically the living
body, and receives reflected waves from the object based on
the transmitted ultrasound waves. The ultrasound probe 12
has, on its distal end, an array of a plurality of piezoelectric
transducers, a matching layer, a backing member, and the
like. The piezoelectric transducers transmit ultrasound
waves in a desired direction in a scan region based on
driving signals from the ultrasound transmission unit 21, and
convert reflected waves from the object into electrical sig-
nals. The matching layer is an intermediate layer which is
provided for the piezoelectric transducers to make ultra-
sound energy efficiently propagate. The backing member
prevents ultrasound waves from propagating backward from
the piezoelectric transducers. When the ultrasound probe 12
transmits an ultrasound wave to the object, the transmitted
ultrasound wave is sequentially reflected by a discontinuity
surface of acoustic impedance of internal body tissue, and is
received as an echo signal by the ultrasound probe 12. The
amplitude of this echo signal depends on an acoustic imped-
ance difference on the discontinuity surface by which the
echo signal is reflected. The echo produced when a trans-
mitted ultrasound pulse is reflected by a moving blood flow
is subjected to a frequency shift depending on the velocity
component of the moving body in the ultrasound transmis-
sion/reception direction by the Doppler effect.

[0045] Note that in this embodiment, the ultrasound probe
12 is a one-dimensional array probe having a plurality of
ultrasound transducers arrayed along a predetermined direc-
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tion. However, this is not exhaustive, and the ultrasound
probe 12 may be a two-dimensional array probe (i.e., a probe
having ultrasound transducers arranged in the form of a
two-dimensional matrix) or a mechanical 4D probe (i.e., a
probe which can execute ultrasound scanning while
mechanically swinging an ultrasound transducer array in a
direction perpendicular to the array direction), which can
acquire volume data.

[0046] The optical probe 40 includes a plurality of light
irradiation units 400 (two light irradiation units, namely, a
first light irradiation unit 400a and a second light irradiation
unit 4005, arranged near one of the short sides of the
ultrasound transmission/reception surface of the ultrasound
probe 12 in FIGS. 2 and 3), and a plurality of optical
detection units 401 arranged symmetrically with respect to
the longitudinal direction of the ultrasound transmission/
reception surface along the longitudinal direction of the
ultrasound transmission/reception surface of the ultrasound
probe 12.

[0047] The first light irradiation unit 4004 and the second
light irradiation unit 4006 respectively irradiate an object
with light (near-infrared light) generated by a first light
source 420a and a second light source 4204 at different
driving frequencies f1 and f2. In addition, the plurality of
optical detection units 401 detect the intensities of light
having specific wavelengths which are emitted from the first
light irradiation unit 400a and the second light irradiation
unit 4005 and diffused/reflected by the inside of the object.
Note that a slide mechanism may be provided, as needed, to
move the plurality of optical detection units 401 relative to
the first light irradiation unit 400e and the second light
irradiation unit 4004.

(Ultrasound Imaging System)

[0048] The ultrasound transmission unit 21 includes trig-
ger generation circuitry, delay circuitry, and pulse generation
circuitry (none of which are shown). The trigger generation
circuitry repetitively generates trigger pulses for the forma-
tion of transmission ultrasound waves at a predetermined
rate frequency fr Hz (period: 1/{r sec). The delay circuitry
gives each trigger pulse a delay time necessary to focus an
ultrasound wave into a beam and determine transmission
directivity for each channel. The pulse generation circuitry
applies a driving pulse to the probe 12 at the timing based
on this trigger pulse.

[0049] The ultrasound reception unit 22 includes amplifier
circuitry, an A/D converter, delay circuitry, and an adder
(none of which are shown). The amplifier circuitry amplifies
an echo signal received via the probe 12 for each channel.
The A/D converter converts each amplified analog echo
signal into a digital echo signal. The delay circuitry gives the
digitally converted echo signals delay times necessary to
determine reception directivities and perform reception
dynamic focusing. The adder then performs addition pro-
cessing for the signals. With this addition, a reflection
component from a direction corresponding to the reception
directivity of the echo signal is enhanced to form a com-
posite beam for ultrasound transmission/reception in accor-
dance with reception directivity and transmission directivity.
[0050] The B-mode processing unit 23 receives an echo
signal from the reception unit 22, and performs logarithmic
amplification, envelope detection processing, and the like
for the signal to generate data whose signal intensity is
expressed by a luminance level.
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[0051] The blood flow detection unit 24 extracts a blood
flow signal from the echo signal received from the ultra-
sound reception unit 22, and generates blood flow data. In
general, the blood flow detection unit 24 extracts a blood
flow by CFM (Color Flow Mapping). In this case, the blood
flow detection unit 24 analyzes the blood flow signal to
obtain blood flow information such as mean velocities,
variances, and powers as blood flow data at multiple points.

[0052] The raw data memory 25 generates B-mode raw
data as B-mode data on three-dimensional ultrasound scan-
ning lines by using a plurality of B-mode data received from
the B-mode processing unit 23. The raw data memory 25
generates blood flow raw data as blood flow data on three-
dimensional ultrasound scanning lines by using a plurality of
blood flow data received from the blood flow detection unit
24. Note that for the purpose of reducing noise or smooth
concatenation of images, a three-dimensional filter may be
inserted after the raw data memory 25 to perform spatial
smoothing.

[0053] The volume data generation unit 26 generates
B-mode volume data or blood flow volume data by execut-
ing raw/voxel conversion including interpolation processing
in consideration of spatial positional information.

[0054] The image processing unit 28 performs predeter-
mined image processing such as volume rendering, MPR
(Multi Planar Reconstruction), and MIP (Maximum Inten-
sity Projection) for the volume data received from the
volume data generation unit 26. Note that for the purpose of
reducing noise or smooth concatenation of images, a two-
dimensional filter may be inserted after the image processing
unit 28 to perform spatial smoothing.

[0055] The display processing unit 30 executes various
types of processing associated with a dynamic range, lumi-
nance (brightness), contrast, y curve correction, RGB con-
version, and the like for various types of image data gen-
erated/processed by the image processing unit 28.

[0056] The control processor 31 has the function of an
information processing apparatus (computer) and controls
the operation of each constituent element. The control
processor 31 also executes processing in accordance with an
ultrasound probe operation support function (to be described
later).

[0057] The storage unit 32 stores a dedicated program for
implementing a probe navigation function (to be described
later) based on proximity evaluation values, obtained vol-
ume data, diagnosis information (patient ID, findings by
doctors, and the like), a diagnostic protocol, transmission/
reception conditions, and other data groups. The storage unit
32 is also used to store images in the image memory (not
shown), as needed. It is possible to transfer data in the
storage unit 32 to an external peripheral device via the
interface unit 33. In addition, the storage unit 32 stores
information concerning the moving distance of the probe P
(to be described later), measurement data obtained by optical
measurement, ultrasound probe operation support informa-
tion, and ultrasound image data in association with each
other for each measurement position.

[0058] The interface unit 33 is an interface associated with
the input device 13, a network, and a new external storage
device (not shown). In addition, an external biomedical
examination apparatus can be connected to this ultrasound
diagnostic apparatus main body 11 via the interface unit 33.
The interface unit 33 can transfer data such as ultrasound
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images obtained by this apparatus, analysis results, and the
like to other apparatuses via a network.

[0059] The support information generation unit 44 calcu-
lates at least one of the degree of adhesion between the
ultrasound probe 12 and the surface of an object and the
three-dimensional azimuth and distance (proximity) of an
abnormal region in an object based on the three-dimensional
position and distance of the abnormal region which are
acquired at each measurement position upon movement of
the probe P. The support information generation unit 44 then
supports the operation of the ultrasound probe by generating
and outputting support information for more favorably
inducing the position, orientation, posture, pressure, and the
like of the ultrasound probe 12 with respect to the object and
the diagnostic target region based on the calculation result.
The support information generation unit 44 also generates
and outputs, based on determination results obtained by the
optical measurement processing unit 42, information indi-
cating insufficient pressurization, information indicating a
re-measurement waiting state, and information indicating
that an optical measurement error has occurred because a
light intensity does not satisfy a predetermined condition.
These pieces of information generated by the support infor-
mation generation unit 44 are output (displayed) on, for
example, the monitor 14 in a predetermined form. Note that
as specific processing performed by the support information
generation unit 44, for example, the technique disclosed in
Jpn. Pat. Appl. KOKAI Publication No. 2014-110878 can be
adopted, which is incorporated herein by reference.

(Optical Measurement System)

[0060] FIG. 4 is a block diagram for explaining the
arrangement of the optical measurement processing unit 42.
Assume that in this embodiment, a biomedical examination
apparatus 4 is constituted by the optical probe 40, the optical
measurement processing unit 42, a dedicated program which
is stored in the storage unit 32 and is used to implement a
probe navigation function based on proximity evaluation
values, and the like. However, this is not exhaustive, and the
biomedical examination apparatus 4 may include, for
example, the support information generation unit 44 shown
in FIG. 1, in addition to the optical probe 40 and the optical
measurement processing unit 42. In addition, this embodi-
ment exemplifies the biomedical examination apparatus 4
incorporated in the ultrasound diagnostic apparatus 1. How-
ever, this 1s not exhaustive, and the biomedical examination
apparatus 4 may be separately formed to be detachable from
the ultrasound diagnostic apparatus 1.

[0061] The first light source 420a and the second light
source 4205 are light-emitting elements such as semicon-
ductor lasers, light-emitting diodes, solid-state lasers, or gas
lasers which generate light having a wavelength exhibiting
low biological absorption (e.g., light in the wavelength
range of 600 nm to 1,800 nm, which is near the wavelength
band called the biological window) and light having a
specific wavelength exhibiting an increase in the amount of
absorption of light in an abnormal region (e.g., light in the
wavelength range of 750 nm to 850 nm, which falls within
the wavelength band called the biological window and at
which hemoglobin in blood absorbs light). An optical signal
control unit 422 supplies different driving frequencies (f1
and 12 in this case) to the first light irradiation unit 400a and
the second light irradiation unit 400b. Light beams gener-
ated by the first light source 420a and the second light source
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4204 are respectively supplied to the first light irradiation
unit 4004 and the second light irradiation unit 4005 via, for
example, an optical waveguide formed from an optical fiber
or thin-film optical waveguide. As a result, the first light
irradiation unit 400a and the second light irradiation unit
4005 emit light beams having specific wavelengths at the
different driving frequencies. Assume that in this embodi-
ment, the peak wavelength of the first light source 420q is
different from the peak wavelength of the second light
source 4205.

[0062] The plurality of optical detection units 401 are
formed from a plurality of detection elements which have
detection surfaces formed from, for example, end portions of
optical fibers, and photoelectrically convert reflected light
beams from the inside of the object which are input from the
detection surfaces via optical waveguide portions. As each
detection element, for example, a CCD, APD, photomulti-
plier tube, or the like can be adopted, as well as a light-
receiving element such as a photodiode or phototransistor.
The contact surfaces of each light irradiation unit 400 and
each optical detection unit 401 with respect to the object
may be provided with optical matching layers.

[0063] The optical signal control unit 422 dynamically or
statically controls the biomedical examination apparatus 4.
For example, the optical signal control unit 422 controls the
first light source 420a and the second light source 4205 (the
first light source 420a and the second light source 4205 have
different driving frequencies in this embodiment, in particu-
lar) under the control of the control processor 31 of the
ultrasound diagnostic apparatus 1 so as to make the first light
irradiation unit 400a and the second light irradiation unit
4005 emit light at predetermined timings, predetermined
frequencies, intensities, and intensity variation periods. In
addition, the optical signal control unit 422 controls an
optical analysis unit 424 so as to execute analysis processing
corresponding to light with a predetermined driving period
at a predetermined timing.

[0064] The optical analysis unit 424 includes a multi-
channel lock-in amplifier. The optical analysis unit 424
selects frequencies f1 and f2, detects only predetermined
signals, and amplifies them. The optical analysis unit 424
then converts the signals into digital signals. The optical
analysis unit 424 also analyzes a change in the intensity of
detected light between the optical detection units 401. This
analysis is executed for each measurement data acquired at
each measurement position.

[0065] The optical analysis unit 424 includes a processor
(processing circuitry) and a memory. The optical analysis
unit 424 calculates light intensities normalized by using light
intensities corresponding to the respective wavelengths
which are sequentially measured and a light intensity as a
geometrical means, and analyzes temporal changes in them.
The optical analysis unit 424 also determines, based on an
analysis result on the temporal changes in light intensities,
whether the pressure of the probe P on an object PS is proper
and a measured light intensity satisfies a condition suitable
for the calculation of an oxygen saturation ratio or the like.
In addition, the optical analysis unit 424 implements a probe
navigation function based on proximity evaluation values.

[0066] In response to a determination result, as a trigger,
obtained by the optical analysis unit 424, which indicates
that a measured light intensity satisfies a predetermined
condition, based on a change in the intensity of detected
light between the optical detection units 401, which is
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obtained at each measurement position, first arithmetic cir-
cuitry 426a calculates the three-dimensional position and
distance of an abnormal region indicating a predetermined
light absorption coeflicient in the object (e.g., a region which
absorbs light with a specific wavelength more than a normal
tissue) with reference to the degrees of adhesion between the
plurality of optical detection units 401 and the surface of the
object, the depth of the abnormal region from the surface of
the object, and a predetermined position (e.g., the light
irradiation unit 400, the ultrasound transmission/reception
surface center of the ultrasound probe 12, or the like). The
calculation results obtained by the first arithmetic circuitry
426a are sent to the support information generation unit 44
for each measurement position. Note that the arrangement
and function of second arithmetic circuitry 4265 are sub-
stantially the same as those of the first arithmetic circuitry
426a.

(Example of Circuit Diagram of Optical Measurement
System)

[0067] FIG. 5 is a view showing an example of the circuit
arrangement of the optical measurement system of the
biomedical examination apparatus 4. In the case shown in
FIG. 5, optical measurement using three different wave-
lengths is implemented. For the first light irradiation unit
400q, three light sources 420al, 42042, and 42043 (LEDs)
with peak wavelengths A1, A2, and A3 (A1=765 nm, A2=809
nm, and A3=855 nm in the case shown in FIG. 5) are used.
Likewise, for the second light irradiation unit 4005, three
light sources 42051, 42052, and 420563 (LEDs) with peak
wavelengths A1, A2, and A3 are used. The light source 420a1
is driven at a frequency fl. The light sources 42042 and
42043 are driven at a frequency f3. The light source 42051
is driven at a frequency f2. The light sources 42052 and
42053 are driven at a frequency 4.

[0068] As the driving frequencies (fl, {2, f3, and f4),
phase detection reference signals supplied from a multi-
channel lock-in amplifier (to be described later) are used.
Light beams generated by the respective light sources are
respectively transferred toward the first light irradiation unit
400¢ and the second light irradiation unit 4005 through
optical fibers.

[0069] The first light irradiation unit 4004 and the second
light irradiation unit 4005 irradiate the living body with
light. Light from the living body enters each of the optical
detection units 401 (eight optical detection units in the case
shown in FIG. 5) and is transferred to an 8 ch optical
detection module constituted by photoelectric conversion
elements (a photodiode, avalanche photodiode, phototrans-
istor, and the like) via an optical fiber. Note that using a
device having a multiplying effect such as an avalanche
photodiode as a photoelectric conversion element can
improve the SN ratio. Amplification circuitry converts each
of photocurrents with the driving frequencies f1, 2, f3, and
4 into a photocurrent having a proper potential and circuit
impedance. Each photocurrent is then input to a multichan-
nel lock-in amplifier (in the case shown in FIG. §, a parallel
8 ch optical detection module is connected to a parallel 8x4
(32) ch lock-in amplifier to perform detection with four
frequencies). A 64 ch A/D converters photocurrents concut-
rently output from the 32 ch multi-channel lock-in amplifier.
The optical analysis unit 424 analyzes a change in intensity
between the optical detection units 401 and a temporal
change in light intensity in each optical detection unit 401.
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These processes are executed for an optical signal acquired
at each measurement position along with the movement of
the probe P.

(Input Device/Monitor)

[0070] The input device 13 is connected to an apparatus
main system 11 and includes various types of switches
which are used to input, to the apparatus main body 11,
various types of instructions, conditions, an instruction to set
a region of interest (ROI), various types of image quality
condition setting instructions, and the like from an operator,
a switch for switching between a rough search mode and a
fine adjustment mode which will be described later, buttons,
a trackball, a mouse, and a keyboard. In addition, the input
device 13 includes a button or the like for instructing the
timing to capture paracentesis information including the
position of the tip of a puncture needle in a paracentesis
support function (to be described later).

[0071] The monitor 14 displays morphological informa-
tion and blood flow information in the living body as images
based on video signals from the display processing unit 30.
(Optical Biomedical Measurement Accompanied with
Movement of Probe P)

[0072] The biomedical examination apparatus 4 according
to this embodiment executes optical biomedical measure-
ment at a plurality of measurement positions (i.e., a seties of
operations including irradiating the inside of the living body
with light by the plurality of light irradiation units 400 and
optical detection from the inside of the living body by the
plurality of optical detection units 401) while manually
moving the probe P.

[0073] Note that any technique can be used for optical
measurement at each measurement position. This embodi-
ment will exemplify a case in which optical measurement is
performed at a plurality of measurement positions in accor-
dance with the rough search mode and the fine adjustment
mode, while the probe P is moved, and, for example, the
depth of an abnormal region from the surface of the object
is calculated by using measurement data at each measure-
ment position. In this case, the rough search mode is a mode
for roughly searching for an abnormal region when adjusting
the position of the probe P on the surface of the living body
so as to make the ultrasound scan slice of the ultrasound
probe 12 include a diagnostic target region (a region recog-
nized as the abnormal region or suspected to have abnor-
mality) in the living body. The fine adjustment mode is a
mode for accurately searching for the abnormal region when
adjusting the position of the ultrasound probe 12 on the
surface of the living body.

[0074] FIG. 6A is a view for explaining optical measure-
ment processing complying with the rough search mode. As
shown in FIG. 6A, in the rough search mode, the first light
irradiation unit 4004 is paired with a plurality of optical
detection units 401qa, and the second light irradiation umt
4005 is paired with a plurality of optical detection units 4015
(that 1s, the light irradiation unit and the detection units
arranged on the same side of the ultrasound probe 12 are
paired).

[0075] After the pairing, optical biomedical measurement
is executed at a plurality of measurement positions, the
position of the probe P is changed while the probe P is
repeatedly pressed on and relaxed from the object, by using
a region (first search range) searched by the first light
irradiation unit 400¢ and the plurality of optical detection
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units 401a and a region (second search range) searched by
the second light irradiation unit 4005 and the plurality of
optical detection units 401/%. At this time, for example, if a
light signal displacement in a specific frequency band cor-
responding to a diagnostic target region which is detected
from the second search range is larger in intensity than that
from the first search range, it indicates that the diagnostic
region exists closer to the second search range than the
center (long axis) of the ultrasound probe 12. On the
contrary, if such a signal detected from the first search range
is higher in intensity than that from the second search range,
it indicates that the diagnostic region exists closer to the first
search range than the center (long axis) of the ultrasound
probe 12. In the rough search mode, relatively large regions
for searching for an abnormal region can be set on the two
sides of the ultrasound irradiation surface of the ultrasound
probe 12. It can be said from these characteristics that this
mode is suitable to guide a diagnostic target region near the
ultrasound probe.

[0076] In contrast, the fine adjustment mode is executed
after, for example, rough position adjustment is performed
through the rough detection mode. FIG. GB is a view for
explaining optical measurement processing complying with
the fine adjustment mode. As shown in FIG. 6B, in the fine
adjustment mode, the first light irradiation unit 400a is
paired with the plurality of optical detection units 4015, and
the second light irradiation unit 4005 is paired with the
plurality of optical detection units 401a (that is, the light
irradiation units and the detection units arranged on the two
sides of the ultrasound probe 12 are respectively paired).
[0077] After the pairing, optical biomedical measurement
is executed at a plurality of measurement positions, while
the position of the probe P is changed, by using a region (first
search range) searched by the first light irradiation unit 400a
and the plurality of optical detection units 4015 and a region
(second search range) searched by the second light irradia-
tion unit 4006 and the plurality of optical detection units
401a. Atthis time, for example, it is possible to narrow down
the position of a diagnostic target region near the center of
the probe P by comparing the displacement of a light
intensity signal in a specific frequency band corresponding
to the diagnostic target region which is detected from the
first search range with that detected from the second search
region. In the fine adjustment mode, an area for searching for
an abnormal region is set so as to include the ultrasound
irradiation surface of the ultrasound probe 12. It can be said
from these characteristics that this mode is suitable to
accurately guide a diagnostic target region into the ultra-
sound scanning surface.

[0078] Note that the rough search mode and the fine
adjustment mode are switched from each other by, for
example, an operation with the input device 13. However,
this is not exhaustive. For example, the apparatus may
automatically select the rough search mode or the fine
adjustment mode by comparing the distance between a
diagnostic target region and the ultrasound transmission/
reception surface with a predetermined threshold.

(Probe Navigation Function Based on Proximity Evaluation
Values)

[0079] A technological background based on experimental
facts will be described first. FIG. 7A is a graph showing the
spatial distribution of normalized light intensity ratios of
light with a wavelength of 855 nm to light with a wavelength
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of 765 nm with respect to a simulated benign tumor and a
simulated malignant tumor, with the abscissa representing
the distances of light source positions with reference to an
end face of a phantom. In addition, FIG. 7B is a graph
showing light intensities with wavelengths of 855 nm and
765 nm (or values obtained by normalizing the light inten-
sities with initial values (reference values)) detected at
predetermined positions with respect to a simulated benign
tumor and a simulated malignant tamor.

[0080] As is obvious from FIG. 7A, it is possible to reduce
the influences of composition variations and changes and
fluctuations of measured values on normalized light inten-
sity ratios. On the other hand, it is sometimes impossible to
present a normalized light intensity ratio sufficient for dis-
crimination between a benign tumor and a malignant tumor.
In addition, as is obvious from FIG. 7B, the light intensities
with wavelengths of 855 nm and 765 nm themselves notably
represent differences between a benign tumor and a malig-
nant tumor. In contrast, with regard to the accuracy of light
intensities, their SN ratios are greatly influenced by com-
position variations and changes and fluctuations of measured
values. It is therefore required to perform signal processing
utilizing the advantages of normalized light intensities and
detected light intensity ratios themselves.

[0081] Under this circumstance, the ultrasound diagnostic
apparatus or biomedical examination apparatus according to
this embodiment sets one of a plurality of wavelengths as a
reference wavelength, and normalizes, with the intensity of
light having the reference wavelength, the intensity of light
having a wavelength, other than the reference wavelength,
which is detected by a pair of each light irradiation unit and
each optical detection unit, and calculates a first value for
each pair by nonlinear enhancement correction of the nor-
malized light intensity. In addition, the apparatus calculates
a second value for each pair by nonlinear reduction correc-
tion of the intensity of light having the reference wavelength
detected by each pair, and calculates a proximity evaluation
value based on a value obtained by multiplication of the first
value and the second value for each pair. This proximity
evaluation value is not greatly influenced by variations in
measured value, and hence can be used as a parameter
notably representing the difference between a region without
any abnormality and a malignant tumor (or suspected
region).

[0082] As described above, in optical measurement pro-
cessing, after the placement position (imaging position) of
the probe P including the optical probe 40 is roughly
searched out first in accordance with the rough search mode,
optical measurement used for fine adjustment of the place-
ment position of the probe P and quantification of an oxygen
saturation is performed in the fine adjustment mode. The
ultrasound diagnostic apparatus 1 according to this embodi-
ment calculates a proximity evaluation value in real time in
the rough search mode, and outputs navigation information
for notifying the operator how much the probe P approaches
an abnormal region as a target in a predetermined form in
real time based on the proximity evaluation value sequen-
tially obtained as a result of the calculation.

[0083] FIG. 8 is a flowchart showing processing comply-
ing with the probe navigation function based on proximity
evaluation values (probe navigation processing based on
proximity evaluation values), which is executed in the rough
search mode. The concrete contents of the probe navigation
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processing based on proximity evaluation values will be
described with reference to FIG. 8.

[0084] For the sake of concreteness, assume that two types
of light beams having different wavelengths (A0=809 nm,
A1=765 nm) are used to measure deoxygenated hemoglobin
and oxygenated hemoglobin, and a proximity evaluation
value is calculated by using A0=809 nm as a reference
wavelength. However, this is not exhaustive. For example,
another light having a wavelength of 855 nm or the like can
be used instead of light having a wavelength of 809 nm for
measuring oxygenated hemoglobin. In addition, A1=765 nm
can be used as a reference wavelength. Furthermore, for the
sake of illustrative convenience, assume that the first light
irradiation unit 400a and the second light irradiation unit
4005 are respectively written as L1 and L2, and four first
optical units 40141 to 401a4 and four second optical detec-
tion units 40151 to 40154 are symbolically written as a first
optical detection unit 401ar and a second optical detection
unit 40167 (where n=1, 2, 3, and 4), respectively. in FIG. 8.

[0085] As shown in FIG. 8, when light intensity measure-
ment is started, the rough search mode is started (step S0).
The optical signal control unit 422 causes the first light
irradiation unit 400a and the second light irradiation unit
4005 to irradiate an object with light beams having two
wavelengths (A0=809 nm and A1=765 nm in this case) at
predetermined periods while the probe P is lightly touching
the object surface. The first optical detection unit 401an and
the second optical detection unit 4015n respectively detect
light beams emerging from the object due to the applied light
beams. The optical analysis unit 424 obtains initial light
intensities (reference intensities) 8, 50,711 Sprn1,21) Ser0,02)
and s, ;, ;) concerning L1 and L2 by using the two-
wavelength light intensity data detected by the first optical
detection unit 401ar and the second optical detection umt
401bn (step S1).

[0086] Subsequently, after a lapse of a predetermined
period, the optical analysis unit 424 calculates light intensity
changes in initial light intensities 8, 7,y and 8, 50.72)
terms of reciprocals, with respect to light intensities i, 50 11,
and i, ;05 Of a reference wavelength A0 respectively
detected by the first optical detection unit 401ar and the
second optical detection unit 4015» according to equations
(11) and (12) (step S2).

Dupor1y™Sepor1yiaporty (11
D20.0.22 ™S00 00,02y (2 00.12) 12)
[0087] The optical analysis unit 424 then obtains the light

intensity ratio of the measured value of the wavelength Al
to the measured value of the reference wavelength A0, and
caleulates values R, ;,, and R, ; ,, normalized with the light
intensity ratio between the initial values according to equa-
tions (21) and (22) (step S3).

R(n,Ll)z{i(n,)yo,l‘l/i(n)\l,l‘l)}/{s(n,)xo,l‘lt/s(n,)»l,l‘l)} (21
R(n,LZ):{i(n,LO,LZ/ i(n)dﬂ)}/ {S(n,)»O,LZ:/ S(n,M,Lz)} (22)
[0088] The optical analysis unit 424 calculates values

M,z and My, ;) obtained by applying weights to the
normalized light intensity and the normalized intensity ratio
for each of pairs of the first light irradiation unit 4004 (L1)
and the first optical detection unit 401an and the second light
irradiation unit 4005 (L.2) and the second optical detection
unit 401bn according to equations (41) and (42) (step S4).
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[0089] where K, ;) and K, ; ,, are weight coefficients set
in correspondence with the pairs of the first light irradiation
unit 4004 (L1) and the first optical detection unit 401a» and
the second light irradiation unit 4005 (L2) and the second
optical detection unit 401bn, and G, and G, are weight
indices respectively set for a normalized reference light
intensity and a normalized light intensity ratio. Note that
Keoziys Kgizoys Gy and G, are set to preferable values by
external setting. The preferable values of G, and G, in breast
cancer examination will be described in detail later. The
equations (41) and (42) perform exponential correction as
the nonlinear enhancement correction and the nonlinear
reduction correction.

[0090] The optical analysis unit 424 then calculates the
sum of nof My, ;,,and M, ; », respectively corresponding to
L1 and 1.2 according to equations (51) and (52). The optical
analysis unit 424 obtains M;, and M, , respectively corre-
sponding to L1 and [.2 by normalizing the obtained values
with the total sum of the weight coefficients K, ;, and

K. 22 (step S5).

Mp=2 e Mo 11 Z = 14K 1y (€3]
Mp=2 1 aM 19V 1 4K 10y (52)
[0091] The optical analysis unit 424 then obtains a prox-

imity evaluation value M by calculating the geometrical
mean of M;,; and M;, with respect to the two light irradia-
tion units L1 and 1.2 according to equation (61) (step S6).

M=(M"M5) 12

[0092] Each process in steps S2 to S6 is sequentially
repeatedly executed in real time. The control processor 31
outputs, in real time, sequentially in accordance with the
value of M, navigation information for notifying the opera-
tor how much the probe P has approached an abnormal
region as a target in a predetermined form (for example,
notifying the approach of the probe to the abnormal region
with different musical notes or displaying, on the monitor
14, an object for notifying the approach of the probe to the
abnormal region). In ultrasound diagnosis, in particular, the
operator needs to alternately observe the patient and the
monitor 14 while operating the probe P. Therefore, to output
navigation information in the form of sound is suitable as an
example of allowing the operator to easily grasp the
approach of the probe without imposing much load on the
operator.

[0093] Although FIG. 8 exemplarily shows the data pro-
cessing in the rough search mode, similar processing can be
performed in the fine adjustment and other modes as well.

[0094] FIG. 9 is a graph showing values obtained by
normalizing light intensities measured using light beams
having peak wavelength A0=809 nm and peak wavelength
A1=765 nm on the body surface of a region suspected as
abnormal on the body surface of a suspected region with
initial light intensities (reference values measured in a
healthy region), a value obtained by normalizing the inten-
sity of light having a peak wavelength of 809 nm with the
intensity of light having a peak wavelength of 765 nm, and
a proximity evaluation value obtained by processing com-
plying with FIG. 8, together with the corresponding refer-
ence values. Note that in the proximity evaluation value
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calculation shown in FIG. 9, the values of the weight indices
G1 and G2 were respectively set to 0.2 and 3.0.

[0095] As shown in FIG. 9, since the intensity of light
having a wavelength of 809 m greatly decreases as com-
pared with the reference value, it is known that the amount
of oxygen in blood (oxygenated hemoglobin) is reduced,
and hence it is estimated that a region suspected as abnormal
exists immediately below the body surface. However, the
value obtained by normalizing the intensity of light having
a wavelength of 809 nm with the intensity of light having a
wavelength of 765 nm exhibits only a small difference from
the reference value. That is, the value is not a parameter
satisfactorily showing a reduction in the amount of oxygen
in blood. In contrast to this, the proximity evaluation value
obtained by the processing complying with FIG. 8 indicates
a notable difference from the reference value, and hence is
a parameter satisfactorily showing a reduction in the amount
of oxygen in blood. The control processor 31 outputs, as
navigation information, a sound corresponding to a clear
different indicated by a proximity evaluation value in this
manner (for example, a sound increasing in pitch in accor-
dance with a difference from an proximity evaluation value).
The operator can intuitively grasp the approach of the probe
P to the body surface of a region suspected as abnormal.

[0096] FIG. 10 is a graph similar to that shown in FIG. 9
with respect to a patient different from the one in FIG. 9. As
is obvious from FIG. 10, the patient exhibits small changes
in both the intensity of light having a wavelength of 765 nm
and the intensity of light having a wavelength of 809 nm
with respect to the reference values. For this reason, it looks
as if the probe P did not approach the region suspected as
abnormal. However, the value obtained by normalizing the
intensity of light having a wavelength of 809 nm with the
intensity of light having a wavelength of 765 nm shows a
clear difference from the reference value. In addition, the
proximity evaluation value obtained by the processing com-
plying with FIG. 8 shows a more notable difference from the
reference value. The control processor 31 outputs, for
example, a sound corresponding to such a clear difference
indicated by a proximity evaluation value as navigation
information. Using the navigation information will reduce
the chance that the operator will overlook the approach of
the probe P to a region suspected as abnormal as compared
with using a light intensity itself.

[0097] FIG. 11 is a graph showing the spatial distribution
of values obtained by normalizing light intensities measured
using light having wavelength A1=765 nm with an initial
value at the time of optical measurement of a phantom in
which a simulated tumor (a depth of 20 mm and a diameter
of 10 mm) is embedded, with respect to the central axis
position of the probe P and the light source position. FIGS.
12, 13, and 14 are graphs similar to the distribution in FIG.
11, respectively showing the distributions of values obtained
by normalizing light intensities measured by using light
having wavelength 2.0=809 nm with an initial value, values
obtained by normalizing the intensities of light having a
wavelength of 809 nm with the intensities of light having a
wavelength of 765 nm, and proximity evaluation values
obtained by the processing complying with FIG. 8. It is
obvious from FIGS. 11 to 14 that using the proximity
evaluation values make differences from the healthy region
more notable, which have not been clear with the values
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obtained by normalizing the intensities of light having a
wavelength of 809 nm with the intensities of light having a
wavelength of 765 nm.

(Weight Indices)

[0098] The weight indices G1 and G2 can be set to desired
values by, for example, manual operations or selection of
values from a plurality of recommended values. However,
the values of the weight indices G1 and G2 are preferably set
in accordance with a diagnosis target, as needed. The
suitable values of the weight indices G1 and G2 will be
described below by exemplifying a medical examination for
breast cancer using an ultrasound diagnostic apparatus.

[0099] FIGS. 15, 16, 17, and 18 are graphs showing the
distributions of proximity evaluation values corresponding
to the central axis position of the probe P and the light source
position when weight indices G1 and G2 are set to (0.1, 1),
(0.1, 2), (0.1, 3), and (0.1, 5) at the time of optical mea-
surement of the same phantom as that shown in FIG. 11.
Comparing FIGS. 15 to 18 with each other makes it possible
to determine the influences of changes in G2 on the distri-
butions of proximity evaluation values while G1 is fixed. For
example, it is obvious from the comparisons between these
distributions that, for example, 1<G2<4 is suitable to breast
cancer examination using the ultrasound diagnostic appara-
tus.

[0100] FIGS. 19, 20, 21, 22, 23, and 24 are graphs
respectively showing the distributions of proximity evalua-
tion values at the time of optical measurement of the same
phantom as that shown in FIG. 11 with respect to the central
axis position of the probe P and the light source position
when the weight indices G1 and G2 are set to (0.1, 3), (0.3,
3), (0.5, 3), (0.7, 3), (1, 3), and (2, 3). Comparing FIGS. 19
to 24 with each other makes it possible to determine the
influences of changes in G1 on the distributions of proximity
evaluation values while G2 is fixed. It is obvious from the
comparisons between these distributions that, for example,
0<G1=l is suitable to breast cancer examination using the
ultrasound diagnostic apparatus.

[0101] The ultrasound diagnostic apparatus or biomedical
examination apparatus according to the embodiment
described above sets one of a plurality of wavelengths as a
reference wavelength, normalizes the intensity of light hav-
ing a wavelength other than the reference wavelength, which
is detected by a pair of each light irradiation unit and each
optical detection unit, with the intensity of light having the
reference wavelength, and performs nonlinear enhancement
correction of the normalized light intensity, thereby calcu-
lating a first value for each pair. In addition, the apparatus
calculates a second value for each pair by performing
nonlinear reduction correction of the intensity of light hav-
ing the reference wavelength detected by each pair, and
calculates a proximity evaluation value based on a value
obtained by multiplication of the first value and the second
value for each pair. This proximity evaluation value indi-
cates the enhanced difference between a healthy region and
a suspected region more than that indicated by a measure-
ment result obtained by using a light intensity detected by
each optical detector without any change. When, therefore,
the probe is guided to near a suspected region, it is possible
to provide more easily comprehensive navigation informa-
tion for the operator. This makes it possible to easily and
quickly guide the probe to a desired position. It is therefore
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possible to provide an ultrasound diagnostic apparatus
which is more user-friendly than the related art.

[0102] The above described “processor” or “processing
circuitry” means, for example, a central processing umt
(CPU), a graphics processing unit (GPU), an application
specific integrated circuit (ASIC), a programmable logical
device (e.g., a simple programmable logic device (SPLD), a
complex programmable logic device (CPLD), and a field
programmable gate array (FPGA)), or the like.

[0103] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may
be made without departing from the spirit of the inventions.
The accompanying claims and their equivalents are intended
to cover such forms or modifications as would fall within the
scope and spirit of the inventions.

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe configured to transmit an ultrasound
wave from an ultrasound transmission/reception sur-
face to an object and receive an ultrasound wave
reflected by the inside of the object via the ultrasound
transmission/reception surface;
an optical probe including a plurality of light sources of
different peak wavelength configured to generate light
beams respectively light-intensity modulated by differ-
ent frequencies, a plurality of irradiation units respec-
tively optically connected to the plurality of light
sources and configured to irradiate the inside of the
object with light beams generated by the respective
light sources from a periphery of the ultrasound trans-
mission/reception surface, and a plurality of optical
detectors configured to detect intensities of light beams
having the different peak wavelength which are applied
from the respective irradiation units and diffused/re-
flected by the inside of the object, the optical probe
being integrally provided with the ultrasound probe;

processing circuitry configured to set one of wavelengths
of the plurality of light sources as a reference wave-
length, normalize an intensity of light having a wave-
length other than the reference wavelength, which is
detected by a pair of the each light irradiation unit and
the each optical detector, with an intensity of light
having the reference wavelength, calculate a first value
for the each pair by nonlinear enhancement correction
of the normalized light intensity, calculate a second
value for the each pair by nonlinear reduction correc-
tion of an intensity of light having the reference wave-
length detected by the each pair, and calculate an
evaluation value based on a value obtained by multi-
plication of the first value and the second value for the
each pair; and

an output unit configured to output information for navi-

gating a placement position of at least one the ultra-
sound probe and the optical probe to a suspected
position based on the evaluation value.

2. The apparatus of claim 1, wherein the processing
circuitry uses exponential correction as the nonlinear
enhancement correction and the nonlinear reduction correc-
tion.
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processing circuitry configured to set one of wavelengths
of the plurality of light sources as a reference wave-
length, normalize an intensity of light having a wave-
length other than the reference wavelength, which is

3. The apparatus of claim 1, wherein the processing
circuitry sets a weight coeficient G1 for the nonlinear
enhancement correction to 0<Gl<1, and sets a weight coef-
ficient G2 for the nonlinear reduction correction to 1<G2<4.

4. A biomedical examination apparatus comprising:

an optical probe including a plurality of light sources of
different peak wavelength configured to generate light
beams respectively light-intensity modulated by differ-
ent frequencies, a plurality of irradiation units respec-
tively optically connected to the plurality of light
sources and configured to irradiate the inside of the
object with light beams generated by the respective
light sources, and a plurality of optical detectors con-
figured to detect intensities of light beams having the
different peak wavelength which are applied from the
respective irradiation units and diffused/reflected by the
inside of the object, and integrally provided with the
ultrasound probe;

detected by a pair of the each light irradiation unit and
the each optical detector, with an intensity of light
having the reference wavelength, calculate a first value
for the each pair by nonlinear enhancement correction
of the normalized light intensity, calculate a second
value for the each pair by nonlinear reduction correc-
tion of an intensity of light having the reference wave-
length detected by the each pair, and calculate an
evaluation value based on a value obtained by multi-
plication of the first value and the second value for the
each pair; and

an output unit configured to output information for navi-
gating a placement position of the optical probe to a
suspected position based on the evaluation value.

* #* * #* #®
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