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(57) ABSTRACT

The ultrasound examination apparatus according to an exem-
plary embodiment of the present disclosure is an ultrasound
examination apparatus for observing an inside of a body of a
living subject and includes: a transmitting probe that trans-
mits ultrasonic waves to an inside of an examination target
which is a part of the living subject; a receiving probe that
detects microscopic displacement on a surface of the exami-
nation target without contact with the examination target, to
detect reflected ultrasonic waves which are the to ultrasonic
waves reflected from the inside of the examination target;

and a signal processing unit that generates an image of the
inside of the examination target, based on the reflected ultra-
sonic waves during a scanning operation in which the trans-
mitting probe is kept fixed with respect to the examination
target and the receiving probe is moved with respect to the
examination target.
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ULTRASOUND EXAMINATION APPARATUS
AND ULTRASOUND EXAMINATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2011/005677 filed on Oct. 11, 2011,
designating the United States of America, which is based on
and claims priority of Japanese Patent Application No. 2010-
236169 filed on Oct. 21, 2010. The entire disclosures of the
above-identified applications, including the specifications,
drawings and claims are incorporated herein by reference in
their entirety.

TECHNICAL FIELD

[0002] Apparatuses and methods consistent with one or
more exemplary embodiments of the present disclosure relate
to ultrasound examination apparatuses and ultrasound exami-
nation methods for observing an inside of a body of a living
subject.

BACKGROUND ART

[0003] Development is ongoing for various types of tech-
niques for supporting mass health examinations primarily
aimed at early discovery of breast cancer. One of these is
mammography screening which utilizes a breast imaging
technique using X-ray. However, in mammography screen-
ing, when imaging of a breast having high tissue density is
performed using X-ray, there is a possibility that accurate
rendering of a lesion area is not possible, such as when the
lesion is hidden in normal tissue, and so on. Furthermore,
since imaging in mammography screening is performed with
the breast being forcefully compressed vertically or horizon-
tally, some subjects feel discomfort. As such, studies are
being carried out on techniques for taking images of breasts
using ultrasound in which the possibility of overlooking
lesions is low and the burden on the subject is low.

CITATION LIST
Patent Literature

[0004] [PTL 1] Japanese Unexamined Patent Application
Publication No. 2003-310614

[0005] [PTL 2] Japanese Unexamined Patent Application
Publication No. 2007-301070

SUMMARY OF INVENTION
Technical Problem

[0006] However, there is ademand for further improvement
of image quality in such an ultrasound examination appara-
tus.

[0007] One or more exemplary embodiments of the present
disclosure solve the aforementioned conventional problems
and provide an ultrasound examination apparatus capable of
improving image quality. Additional benefits and/or advan-
tages of the disclosed embodiments will be apparent from the
specification and Figures. The benefits and/or advantages
may be individually provided by the various embodiments
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and features of the specification and drawings of the disclo-
sure, and need not all be provided in order to obtain one or
more of the same.

Solution to Problem

[0008] In order to solve the aforementioned problems, the
ultrasound examination apparatus according to an exemplary
embodiment of the present disclosure is an ultrasound exami-
nation apparatus for observing an inside of a body of a living
subject, the ultrasound examination apparatus including: a
transmitting probe that transmits ultrasonic waves to an inside
of'an examination target which is a part of the living subject;
a receiving probe that detects microscopic displacement on a
surface of the examination target without contact with the
examination target, to detect reflected ultrasonic waves which
are the ultrasonic waves reflected from the inside of the
examination target; and a signal processing unit configured to
generate an image of the inside of the examination target,
based on the reflected ultrasonic waves during a scanning
operation in which the transmitting probe is kept fixed with
respect to the examination target and the receiving probe is
moved with respect to the examination target.

Advantageous Effects of Invention

[0009] Accordingly, one or more exemplary embodiments
of the present disclosure provide an ultrasound examination
apparatus capable of improving image quality.

BRIEF DESCRIPTION OF DRAWINGS

[0010] These and other advantages and features of exem-
plary embodiments of the present disclosure will become
apparent from the following description thereof taken in con-
junction with the accompanying Drawings that illustrate gen-
eral and specific:exemplary embodiments of the present dis-
closure. In the Drawings:

[0011] FIG.1is ablock diagram showing the configuration
of an ultrasound examination apparatus according to
Embodiment 1 of the present disclosure;

[0012] FIG. 2is ablock diagram showing the configuration
of the ultrasound examination apparatus according to
Embodiment 1 of the present disclosure;

[0013] FIG. 3 is a diagram showing the configuration of a
probe unit according to Embodiment 1 of the present disclo-
sure;

[0014] FIG. 4 is a diagram showing the configuration of an
optical probe according to Embodiment 1 of the present dis-
closure;

[0015] FIG. 5 is a graph showing signal wavelengths of a
reference beam an a detection beam according to Embodi-
ment 1 of the present disclosure;

[0016] FIG. 6A is a diagram showing an output wavelength
of a light-receiving element of the optical probe according to
Embodiment 1 of the present disclosure;

[0017] FIG. 6B is a diagram showing an output wavelength
of the light-receiving element of the optical probe according
to Embodiment 1 of the present disclosure;

[0018] FIG. 7A is diagram showing delay time when
receiving spots are on a flat surface;

[0019] FIG. 7B is diagram showing delay time when
receiving spots are on a curved surface;

[0020] FIG. 8 is a flowchart showing the operation of the
ultrasound examination apparatus according to Embodiment
1 of the present disclosure;
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[0021] FIG. 9A is a perspective view of an optical probe
according to Modification 1 of Embodiment 1 of the present
disclosure;

[0022] FIG. 9B is a cross-sectional view of the optical
probe according to Modification 1 of Embodiment 1 of the
present disclosure;

[0023] FIG. 10 is a diagram showing an ultrasound exami-
nation apparatus according to Modification 2 of Embodiment
1 of the present disclosure;

[0024] FIG. 11 is a block diagram of the ultrasound exami-
nation apparatus according to Modification 2 of Embodiment
1 of the present disclosure;

[0025] FIG. 12A is diagram showing the configuration of a
projector according to Embodiment 2 of the present disclo-
sure; and

[0026] FIG. 12B is diagram for describing the operation of
the projector according to Embodiment 2 of the present dis-
closure.

DESCRIPTION OF EMBODIMENTS

(Underlying Knowledge Forming Basis of the Present Dis-
closure)

[0027] Theinventors have discovered that the conventional
configurations have the problems described below.

[0028] An ultrasound examination apparatus is an appara-
tus that transmits ultrasonic waves to the inside of a part of a
subject that is to be examined (hereafter referred to as an
examination target) and performs imaging of information
regarding the inside of the examination target based on
reflected waves (hereafter referred to as ultrasonic wave ech-
oes) that are reflected off of the interface of tissues (hereafter
referred to as reflective tissues) inside the examination target
that have different acoustic impedances. At present, when
breast cancer diagnosis is performed using such an ultrasound
examination apparatus, a technician manuvally moves an
ultrasound probe (hereafter referred to as a probe). With this,
the ultrasound examination apparatus displays a cross-sec-
tional image (hereafter referred to as a tomographic image) of
the breast. The technician examines the entire cross section of
the breast while viewing the displayed cross-sectional
images. Then, a tomographic image showing a possible
abnormality is recorded, and a doctor subsequently interprets
the recorded image and makes a diagnosis. However, in such
a method, there are the problems of the diagnosis result being
largely dependent on the proficiency of the technician, and of
limited reproducibility of data. In addition, such a method has
the problem of taking a long time to examine one person.
[0029] As such, recent years have seen the advancement of
the development of an ultrasound examination apparatus
which mechanically moves a probe to thereby take tomo-
graphic images of a breast, without dependency on the pro-
ficiency of a technician (for example, see PTL 1). In the
method in PTL 1, the probe is brought into contact with the
breast of a subject who is lying face-up, and ultrasound data
is collected while the probe mechanically circles the breast
with the nipple as a center. With this, tomographic images are
taken in the above method. Such a method is called a direct-
contact method.

[0030] On the other hand, there is a method called the
immersion method in which ultrasonic waves are transmitted
and received by providing warm water, and the like, between
the probe and the breast. Although the immersion method
makes it possible to take images of the entire breast almost in

Oct. 4, 2012

its natural shape, the immersion method has the problem that
image quality deteriorates when the surface of the breast is
tilted with respect to the ultrasonic wave transmission and
reception directions. A technique described in PTL 2, for
example, is a technique which uses the immersion method.
With the ultrasound examination apparatus described in PTL
2, the position of the probe is adjusted according to the size of
individual breasts in order to obtain images with minimal
deterioration. Specifically, in the ultrasound examination
apparatus described in PTL 2, pre-scanning is performed to
measure the outer shape of the breast, and the tilt of the
surface of the breast is calculated from the obtained outer
shape data. In addition, the ultrasound examination apparatus
attempts to transmit and receive ultrasonic waves perpendicu-
larly with respect to the breast by tilting the probe to follow
the tilt of the breast.

[0031] However, these conventional configurations have
the problems described below.

[0032] In the configuration in PTL 1, tomographic images
are taken by causing the probe to mechanically revolve while
being in contact with the breast. However, since the breast
consists of soft tissue, with this method, the shape of the
breast changes significantly with every image-taking.
Accordingly, each of the tomographic images taken becomes
a tomographic image of a breast of a different shape. There-
fore, when automatic examination is performed Using such
method and a doctor carries out a diagnosis based on the
examination result, it is necessary to interpret a large number
of tomographic images of different shapes per image-taking.
In other words, with the configuration in PTL 1, it is difficult
to perform efficient diagnosis.

[0033] Here, in order to make a quick and detailed diagno-
sis using the large number of tomographic images taken, it is
preferable that these tomographic images be converted into
three-dimensional voxel data and recorded to allow display of
arbitrary cross sections. However, as described above, with
the technique in PTL 1, the ultrasound probe which transmits
and receives ultrasonic waves needs to be moved while being
pressed onto the examination target, and thus the shape of the
examination target changes during the examination. As such,
the state of change and the amount of deformation of the
examination target are different per image-taking (depending
on the time of the imaging). Furthermore, the effect of the
deformation of the examination target is different for each of
the tomographic images. As such, it is necessary to compen-
sate for the deformation of the examination target for each of
the tomographic images, and thus reconstruction of a three-
dimensional image is difficult.

[0034] In addition, such direct-contact method has the
problem of the likely emergence of a part at which the probe
and the body surface do not touch due to breast shape and size
differences between individuals. As such, it becomes difficult
to transmit and receive ultrasonic waves accurately, and, as a
result, image quality of the tomographic images deteriorates.
Furthermore, since the deformation of the examination target
is not reproducible, there is the problem that the images
obtained lack reproducibility. Therefore, it cannot be consid-
ered to be sufficient as an automated examination apparatus
which performs diagnosis automatically, without the judg-
ment of an examiner.

[0035] On the other hand, with the immersion method
described in PTL 2, the probe does not come into contact with
the surface of the breast, and thus the shape of the breast does
not change from the initial state and images with good repro-
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ducibility can always be obtained. Furthermore, countermea-
sures have been taken with regard to the angle of incidence of
ultrasonic waves to the breast, which was a problem, and thus
the method is considered to have certain advantageous
effects. However, this attempt to prevent image quality dete-
rioration cannot be considered sufficient. Specifically, the
technique described in PTL 2 adjusts the tilt angle of the
probe by considering that the tilt angles of the breast that is
made to droop in a water tank are approximately uniform.
Accordingly, when the tilt angles are different at the vicinity
of the center and at the vicinity of the edge of the probe for
example, there is a possibility that a tomographic image with
sufficient image quality cannot be obtained for a part of a
region in which scanning is performed.

[0036] One or more exemplary embodiments of the present
disclosure is intended to solve the aforementioned conven-
tional problems and provide an ultrasound examination appa-
ratus capable of reducing the amount of deformation of an
examination target during examination and improving image
quality.

[0037] In order to solve the aforementioned problems, the
ultrasound examination apparatus according to an exemplary
embodiment of the present disclosure is an ultrasound exami-
nation apparatus for observing an inside of a body of a living
subject, the ultrasound examination apparatus including: a
transmitting probe that transmits ultrasonic waves to an inside
of an examination target which is a part of the living subject;
a receiving probe that detects microscopic displacement on a
surface of the examination target without contact with the
examination target, to detect reflected ultrasonic waves which
are the ultrasonic waves reflected from the inside of the
examination target; and a signal processing unit configured to
generate an image of the inside of the examination target,
based on the reflected ultrasonic waves during a scanning
operation in which the transmitting probe is kept fixed with
respect to the examination target and the receiving probe is
moved with respect to the examination target.

[0038] With this configuration, the ultrasound examination
apparatus according to an exemplary embodiment of the
present disclosure generates an image based on the reflected
ultrasonic waves when the non-contact receiving probe is
moved in the state where the transmitting probe is kept fixed.
With this, the amount of deformation of the examination
target during examination can be reduced, and deterioration
ofimage quality can be suppressed because the surface of the
examination target and the probe do not come into contact. In
addition, the ultrasound examination apparatus detects the
reflected ultrasonic waves by detecting the microscopic dis-
placement on the surface of the examination target. With this,
the ultrasound examination apparatus can generate excellent
images whose image quality has little dependency on the tilt
angle of the surface of the examination target. Accordingly,
the ultrasound examination apparatus according to an exem-
plary embodiment of the present disclosure is capable of
reducing the amount deformation of an examination target
during examination and improving image quality.

[0039] Furthermore, the receiving probe may include: a
first light source that emits a laser light; a splitting element
that splits the laser light into a detection light and a reference
light; an irradiating optical system that irradiates the exami-
nation target with the detection light to form a light spot on the
surface of the examination target; a light-receiving element
that receives an interfering light of the reference light and a
reflected detection light which is the detection light reflected
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off of the light spot, and generates a beat signal that is in
accordance with the interfering light; and a receiving unit
configured to FM-demodulate the beat signal to generate a
detection signal indicating the microscopic displacement on
the surface of the examination target at the light spot.

[0040] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can detect reflected ultrasonic
waves without contact with the examination target.

[0041] Furthermore, the ultrasound examination apparatus
may further include a position detecting unit configured to
calculate a first relative positional relationship between the
light spot and the receiving probe, based on a frequency ofthe
beat signal.

[0042] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can detect the relative posi-
tional relationship between the light spot and the receiving
probe.

[0043] Furthermore, the position detecting unit may be fur-
ther configured to: detect a second relative positional rela-
tionship between the transmitting probe and the receiving
probe; and calculate a third relative positional relationship
between the transmitting probe and the light spot, based on
the first relative positional relationship and the second relative
positional relationship, and the signal processing unit may be
configured to generate the image by computing, based on the
third relative positional relationship, a time it takes for the
reflected ultrasonic waves to reach the light spot, and per-
forming phase rectifying addition on the detection signal
using the time.

[0044] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can generate an image of the
inside of the examination target based on the detection signal.
[0045] Furthermore, the ultrasound examination apparatus
may further include a driving unit configured to changeably
fix a relative positional relationship and relative angle
between the receiving probe and the transmitting probe,
wherein the driving unit may be configured to perform the
scanning operation by keeping the transmitting probe fixed
with respect to the examination target and moving the receiv-
ing probe with respect to the examination target.

[0046] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can automatically move the
receiving probe.

[0047] Furthermore, the ultrasound examination apparatus
may further include a controlunit configured to calculate a tilt
angle formed, at the light spot, between the surface of the
examination target and the receiving probe, and adjust an
amplitude of the microscopic displacement detected at the
light spot, according to the tilt angle.

[0048] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can suppress the deterioration
of image quality in the case where the surface of the exami-
nation target is tilted with respect to the receiving probe.
[0049] Furthermore, the control unit may be configured to
calculate the tilt angle by estimating a shape of the surface of
the examination target using the first relative positional rela-
tionship.

[0050] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
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ment of the present disclosure can calculate the tilt angle
formed between the surface of the examination target and the
receiving probe.

[0051] Furthermore, the first light source may emit the laser
light having a sawtooth-modulated optical frequency.

[0052] Furthermore, the position detecting unit may be
configured to: calculate a difference between an optical path
of'the detection light and an optical path of the reference light,
based on the frequency of the beat signal; and calculate the
first relative positional relationship based on an emission
angle of the detection light and the optical path difference.
[0053] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can calculate the first relative
positional relationship even when the angle of emission of the
detection beam is not perpendicular.

[0054] Furthermore, the ultrasound examination apparatus
may further include a driving unit configured to changeably
fix a relative positional relationship and relative angle
between the receiving probe and the transmitting probe,
wherein the position detecting unit may be configured to
detect the second relative positional relationship based on
information outputted from the driving unit and indicating the
relative positional relationship and relative angle between the
receiving probe and the transmitting probe.

[0055] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can detect the relative posi-
tional relationship between the transmitting probe and the
receiving probe.

[0056] Furthermore, one of the transmitting probe and the
receiving probe may include a second light source, the other
of'the transmitting probe and the receiving probe may include
an optical sensor that detects, using an image, a light from the
second light source, and the position detecting unit may be
configured to detect the second relative positional relation-
ship, based on a relationship between plural positions of the
second light source as seen from the optical sensor.

[0057] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can detect the relative posi-
tional relationship between the transmitting probe and the
receiving probe, even in the case where the transmitting probe
and the receiving probe are completely detached from each
other. With this, for example, a technician can perform the
examination while freely moving the receiving probe by
hand.

[0058] Furthermore, the transmitting probe may include a
first gyro-sensor that detects an orientation of the transmitting
probe, the receiving probe may include a second gyro-sensor
that detects an orientation of the receiving probe, and the
position detecting unit may be configured to detect a relative
angle formed between the transmitting probe and the receiv-
ing probe, by comparing the orientation of the transmitting
probe detected by the first gyro-sensor and the orientation of
the receiving probe detected by the second gyro-sensor.
[0059] According to this configuration, the ultrasound
examination apparatus according to an exemplary embodi-
ment of the present disclosure can detect the relative angle
formed between the transmitting probe and the receiving
probe, even in the case where the transmitting probe and the
receiving probe are completely detached from each other.
[0060] Furthermore, the receiving probe may further
include a display that displays a tomographic image of the
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inside of the examination target, and the display may display
a tomographic image of a cross-section of the inside of the
examination target which is approximately parallel to a dis-
play surface of the display.

[0061] This configuration makes it easier for the technician
to intuitively judge the position of a tumor and so on. This
facilitates, for example, the guiding of a needle to a suspected
part in an examination such as a mammotome biopsy.
[0062] Furthermore, the transmitting probe may transmit
the ultrasonic waves to the inside of the examination target, in
a state where the transmitting probe is in contact with the
examination target.

[0063] It should be noted that the present inventive concept
can be implemented, not only as an ultrasound examination
apparatus such as those described herein, but also as a method
having, as steps, the characteristic processing units included
in such image-capturing apparatus, or a program causing a
computer to execute such characteristic steps. In addition, it
goes without saying that such a program can be distributed via
a non-transitory computer-readable recording medium such
as a CD-ROM and via a transmitting medium such as the
Internet.

[0064] Hereinafter, some exemplary embodiments shall be
described with reference to the Drawings. It should be noted
that the same reference signs are assigned to same compo-
nents and there are cases where their description shall not be
repeated. Furthermore, the figures primarily illustrate the
respective constituent elements schematically in order to
facilitate understanding, and thus the shapes, and so on, may
not be displayed accurately.

[0065] Furthermore, each of the embodiments described
below illustrate a general or specific example. The numerical
values, shapes, materials, structural elements, the arrange-
ment and connection of the structural elements, steps, the
processing order of the steps etc. shown in the following
exemplary embodiments are mere examples, and therefore do
not limit the inventive concept, the scope of which is defined
in the appended Claims and their equivalents. Therefore,
among the structural elements in the following exemplary
embodiments, structural elements not recited in any one of
the independent claims defining the most generic part of the
inventive concept are not necessarily required to overcome
conventional disadvantages.

Embodiment 1

[0066] An ultrasound examination apparatus according to
Embodiment 1 of the present disclosure includes a receiving
probe which detects reflected ultrasonic waves, without con-
tact with an examination target. In addition, the ultrasound
examination apparatus causes the non-contact receiving
probe to move, with a transmitting probe in a fixed (station-
ary) state with respect to the examination target Accordingly,
the ultrasound examination apparatus is capable of providing
an ultrasound examination apparatus capable of reducing the
amount deformation of an examination target during exami-
nation and improving image quality.

[0067] First, the basic configuration of the ultrasound
examination apparatus according to Embodiment 1 of the
present disclosure shall be described.

[0068] FIG. 1 is a block diagram showing the outline con-
figuration of an ultrasound examination apparatus 10 accord-
ing to Embodiment 1 of the present disclosure.

[0069] The ultrasound examination apparatus 10 is an
ultrasound examination apparatus for observing an inside of
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a body of a living subject. The ultrasound examination appa-
ratus 10 includes a transmitting probe 12, a receiving probe
13, and a signal processing unit 16.

[0070] The transmitting probe 12 is an ultrasound probe
which transmits ultrasonic waves 26 to the inside of an exami-
nation target 11 of the subject.

[0071] The receiving probe 13 detects reflected ultrasonic
waves (also referred to as ultrasonic wave echoes) which are
the ultrasonic waves 26 that are reflected back from inside the
examination target 11, by detecting microscopic displace-
ment on the surface of the examination target 11 without
contact with the examination target 11, and generates a detec-
tion signal 94 that is in accordance with the reflected ultra-
sonic waves.

[0072] The signal processing unit 16 generates images of
the inside of the examination target 11, based on the ultra-
sonic wave echoes during the scanning operation in which the
transmitting probe 12 is kept fixed (stationary) with respect to
the examination target 11, and the receiving probe 13 is
moved with respect to the examination target 11.

[0073] FIG. 2 is a detailed block diagram of the ultrasound
examination apparatus 10.

[0074] As shown in FIG. 2, the ultrasound examination
apparatus 10 includes a main body unit 81 and a probe unit 82.
It should be noted that the placement of the processing units
shown in FIG. 2 is an example, and part of the processing
units included in the main body unit 81 may be included in the
probe unit 82, and part of the processing units included in the
probe unit 82 may be included in the main body unit 81.
[0075] The probe unit 82 transmits the ultrasonic waves 26
to the examination target 11 and detects the ultrasonic wave
echoes. Furthermore, the probe unit 82 outputs, to the main
body unit 81, the detection signal 94 which is based on the
detected ultrasonic wave echoes.

[0076] The probe unit 82 includes the transmitting probe
12, the receiving probe 13, and a driving unit 21. Furthermore,
the receiving probe 13 includes an optical probe 13A and a
receiving unit 14.

[0077] The optical probe 13A detects the shape and micro
vibrations of the surface of the examination target 11 using
light, modulates the detected information, and outputs a beat
signal 93 obtained through the modulation.

[0078] Thereceiving unit 14 demodulates the beat signal 93
outputted from the receiving probe 13, and generates the
detection signal 94 by performing amplification and digital
conversion of the signal obtained through the demodulation.
[0079] The driving unit 21 mechanically connects the
transmitting probe 12 and the receiving probe 13, and three-
dimensionally moves the relative position of the receiving
probe 13 with respect to the transmitting probe 12.

[0080] The main body unit 81 includes a position detecting
unit 15, the signal processing unit 16, an image processing
unit 17, an image displaying unit 18, a transmitting unit 19,
and a control unit 20.

[0081] The position detecting unit 15 calculates the relative
positional relationship between the transmitting position and
the receiving position of the ultrasonic waves 26, using the
beat signal 93 outputted from the optical probe 13 and posi-
tioning data 92 of the driving unit 21, and generates relative
position information 95 indicating the calculated positional
relationship.

[0082] The signal processing unit 16 generates three-di-
mensional data 96 by performing digital beam forming using
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the detection signal 94 generated by the receiving unit 14 and
the relative position information 95 generated by the position
detecting unit 15.

[0083] The image processing unit 17 generates a three-
dimensional image 97 by performing three-dimensional
image rendering and so on, based on the three-dimensional
data 96 generated by the signal processing unit 16.

[0084] The image displaying unit 18 displays the three-
dimensional image 97 generated by the image processing unit
17.

[0085] The transmitting unit 19 generates a driving signal
98 for transmitting the ultrasonic waves 26. The control unit
20 controls the transmitting unit 19 such that the driving
signal 98 is generated at a predetermined timing.

[0086] Here, the transmitting probe 12 includes a trans-
ducer array in which plural transducers are two-dimension-
ally arranged. Each of the transducers includes a piezoelectric
element made of a piezoelectric ceramic, and so on, repre-
sented by lead zirconate titanate (PZT), and an electrode
connected to the piezoelectric element. In the transducer
array, voltage in pulse-form sent from the transmitting unit 19
is applied to the electrode of each of the transducers to thereby
generate ultrasonic wave pulses. Furthermore, the transmit-
ting probe 12 can change the focus of the ultrasonic waves 26,
and can deflect the ultrasonic waves 26. Furthermore, the
pulse-form voltage has Undergone delay processing by the
transmitting unit 19. With this configuration, the transmitting
probe 12 can perform sector scanning in which the ultrasonic
waves 26 are transmitted in three-dimensional directions.
[0087] Here, unlike in the conventional ultrasound exami-
nation apparatus, the optical probe 13A does not come into
contact with the body surface of the examination target 11. In
other words, a space of a predetermined distance exists
between the bottom surface of the optical probe 13 A and the
examination target 11. This configuration reduces the defor-
mation of the examination target 11.

[0088] Furthermore, the optical probe 13A splits a fre-
quency-modulated laser beam into a detection beam and a
reference beam, and forms plural light spots (hereafter
referred to as receiving spots) on the surface of the examina-
tion target 11 using the detection beam. It should be noted that
the detection beam is light that is emitted from the optical
probe 13 A towards the surface of the examination target 11.
The reference beam refers to light that is reflected by a polar-
ized-light reflecting plate 37 inside the optical probe 13A.
Furthermore, the optical probe 13A detects the ultrasonic
wave echoes by causing interference between the reference
beam and the detection beam reflected off of the respective
receiving spots (hereafter also referred to as reflected detec-
tion beam), and generates the beat signal 93 indicating the
detected ultrasonic wave echoes.

[0089] The beat signal 93 has a waveform obtained through
FM modulation of the carrier wave. Information on the shape
and micro vibrations of the surface of the examination target
11 can be obtained through the demodulation of the beat
signal 93 by the receiving unit 14 and the position detecting
unit 15. The specific configuration and the signal detection
principle of the optical probe 13 A shall be described in detail
later.

[0090] Furthermore, the signal processing unit 16 includes
a signal storage unit 16a, a position storage unit 165, an
arithmetic processing unit 16¢, and an image memory 16d.
[0091] The signal storage unit 16a stores the detection sig-
nal 94 generated by the receiving unit 14. The position storage
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unit 165 stores the relative position information 95 generated
by the position detecting unit 15.

[0092] The arithmetic processing unit 16¢ generates image
data 99 by performing a beam forming processing based on
the detection signal 94 stored in the signal storage unit 16a
and the relative position information 95 stored in the position
storage unit 164.

[0093] The image memory 16d stores, as the three-dimen-
sional data 96, the image data 99 generated by the arithmetic
processing unit 16c¢.

[0094] The outline configuration of the probe unit 82 shall
be described below.

[0095] FIG. 3 is a diagram showing the outline configura-
tion of the probe unit 82. In FIG. 3, the examination target 11
is a breast, and the transmitting probe 12 is placed in the
vicinity of the nipple. Furthermore, the transmitting probe 12
transmits the ultrasonic waves 26 to the inside of the exami-
nation target 11, in a state where the transmitting probe 12 is
in contact with the examination target 11.

[0096] The driving unit 21 keeps the relative positional
relationship and relative angle between the receiving probe
13 and the transmitting probe 12 fixed, and at the same time,
is capable of changing such relative positional relationship
and relative angle. The driving unit 21 moves the receiving
probe 13 in a state where the transmitting probe 12 is kept
fixed. The driving unit 21 includes rotating mechanisms 22
and 23, atelescopic support arm 24, and a rotating mechanism
25.

[0097] Specifically, the receiving probe 13 is held with
respect to the transmitting probe 12, via the rotating mecha-
nisms 22, 23, the as support arm 24, and the rotating mecha-
nism 25. Here, the rotating mechanism 22 is configured so as
to allow the receiving probe 13 to revolve with the transmit-
ting probe 12 as the center. Furthermore, the rotating mecha-
nism 23 has an axis of rotation that is orthogonal with respect
to the axis of rotation of the rotating mechanism 22. In addi-
tion, changing the length of the support arm 24 allows the
distance between the receiving probe 13 (optical probe 13A)
and the transmitting probe 12 to be adjusted. As such, with the
combination of the rotating mechanism 22, the rotating
mechanism 23, and the support arm 24, the receiving probe 13
can move three-dimensionally with respect to the transmit-
ting probe 12. Furthermore, the rotating mechanism 25 allows
the angle between the surface of the examination target 11 and
the receiving probe 13 (the angle formed by the support arm
24 and the receiving probe 13) to be adjusted. It should be
noted that although, here, the transmitting probe 12 is placed
in the vicinity of the nipple, the transmitting probe 12 may be
placed elsewhere on the breast other than the nipple.

[0098] Here, the rotating mechanisms 22, 23, and 25, and
the support arm 24 include a servo motor, a stepping motor, or
a solenoid, and the like, that allows positioning control. Fur-
thermore, the position detecting unit 15 detects the relative
positional relationship (second relative positional relation-
ship) and relative angle between the transmitting probe 12
and the receiving probe 13, from the positioning data 92
which is outputted from the driving unit 21 and indicates the
relative positional relationship and relative angle between the
receiving probe 13 and the transmitting probe 12.

[0099] Here, the position of the transmitting probe 12 is the
transmitting position of the ultrasonic waves, and refers to
one point on the transmitting probe 12 (or on the examination
target 11). Specifically, such transmitting position can be
defined by the intersection between the straight line extend-
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ing in the traveling direction of the wavefronts of the ultra-
sonic waves 26 and passing the convergence point of the
ultrasonic waves 26 (here, a reflective tissue 27) and the
transmitting probe 12.

[0100] Furthermore, the position of the receiving probe 13
is the emitting position of each of the detection beams of the
optical probe 13A. Furthermore, the receiving position of the
ultrasonic waves refers to the position at which the receiving
spots are formed on the surface of the examination target 11.
[0101] Here, the distance between the transmitting position
of the ultrasonic waves and the emitting position of each of
the detection beams of the optical probe 13A can be calcu-
lated using information on the angle of rotation of the rotating
mechanisms 22, 23, and 25 and the length of the support arm
24. Therefore, when the relative positional relationship
between the emitting position and the receiving spot of each
ofthe detection beams of the optical probe 13A is known, the
relative positional relationship between the transmitting posi-
tion of the ultrasonic waves and the receiving spots can be
calculated.

[0102] Tt should be noted that the emitting positions of the
detection beams are arranged at approximately equal inter-
vals on the surface of the optical probe 13A. Therefore, if the
relative position of the center point of the optical probe 13A
with respect to the transmitting position of the ultrasonic
waves can be calculated, the position of an emitting point of
a detection beam present outside the center point of the opti-
cal probe 13 A can be calculated using such relative position.
It should be noted that the method of detecting the relative
positional relationship between the emitting position and the
receiving spot of each of the detection beams of the optical
probe 13 A shall be described in detail later.

[0103] FIG. 4 shows a diagram of the outline configuration
of the optical probe 13A. As shown in FIG. 4, the optical
probe 13A includes a semiconductor laser 31, a current
modulator 32, a collimating lens 34, a polarized-light beam
splitter 35, a beam expander 36, the polarized-light reflecting
plate 37, a microlens array 38, and a light-receiving element
39.

[0104] The semiconductor laser 31 and the current modu-
lator 32 are the first light source which emits a laser beam 33.
The semiconductor laser 31 has an operating interval in which
injection current and emission wavelength are locally lin-
early-varying. The current modulator 32 modulates the cur-
rent to be supplied to the semiconductor laser 31. The colli-
mating lens 34 collimates the laser beam 33 emitted by the
semiconductor laser 31.

[0105] The polarized-light beam splitter 35 is a splitting
element which splits the laser beam 33 into the detection
beam with which the examination target 11 is irradiated and
the reference beam which advances in the opposite direction
as the detection beam. The polarized-light beam splitter 35
allows the P polarized light component to pass and reflects the
S polarized light component.

[0106] Thebeam expander 36 includes lenses 36a and 365.
The polarized-light reflecting plate 37 is configured of, for
example, a wire grid polarized-light plate. The polarized-
light reflecting plate 37 allows a polarized light component in
the transmission axis direction to pass and reflects a polarized
light component that is orthogonal to the transmission detec-
tion. The microlens array 38 forms plural receiving spots by
condensing, on the examination target 11, the light that has
passed though the polarized-light reflecting plate 37. The
beam expander 36, the lenses 36a and 365, the polarized-light
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reflecting plate 37, and the microlens array 38 are the irradi-
ating optics system which divides the detection beam into
plural beams and irradiates the examination target 11 with the
beams to form plural receiving spots on the examination
target 11.

[0107] Each of light-receiving areas of the light-receiving
element 39 receives the interfering light of the reference beam
and the reflected detection beam which is the detection beam
that is reflected off of a corresponding one of the receiving
spots, and generates a beat signal 93 that is in accordance with
the received interference light. Furthermore, the light-receiv-
ing areas of the light-receiving element 39 correspond 1-to-1
with the receiving spots on the examination target 11.
[0108] Here, the current modulator 32 superimposes a saw-
tooth-like current on the injection current. With this, the semi-
conductor laser 31 emits a laser beam 33 that has been saw-
tooth frequency-modulated. It should be noted that, the
transmitting probe 12 may include, in place of the current
modulator 32, a modulator that performs sawtooth modula-
tion of the optical frequency of the laser beam 33. Even in
such a case, it is also possible to generate the sawtooth fre-
quency-modulated laser beam 33.

[0109] Furthermore, the polarized-light reflecting plate 37
is configured such that its transmission axis is tilted approxi-
mately 45 degrees with respect to the S polarized light of the
polarized-light beam splitter 35. Therefore, part of the light
incident on the polarized-light reflecting plate 37 is reflected
and part passes through.

[0110] It should be noted that the microlens array 38 is
configured so as to form plural receiving spots. The receiving
spots may be arranged in one column in a predetermined
direction, or may be arranged in a two-dimensional matrix.
[0111] Furthermore, when a detection beam reflected off of
a receiving spot on the examination target 11 enters a lens
different from that in the outward route when re-entering the
microlens array 38, the detection beam does not enter the
corresponding light-receiving area on the light-receiving ele-
ment 39. Since such light becomes a stray light, the light is
blocked by an aperture 40.

[0112] FIG. 5 is a graph showing the signal waveforms of
the reference beam and the reflected detection beam that are
detected by the light-receiving element 39 of the optical probe
13A. The vertical axis of the graph denotes the optical fre-
quency (f), and the horizontal axis denotes time (t). It should
be noted that a reference beam means a light that is reflected
off of the polarized-light reflecting plate 37, and reflected
detection beam means a detection beam that has passed
through the polarized-light reflecting plate 37 and is reflected
back from the surface of the examination target 11.

[0113] As shown in FIG. 5, a signal waveform 41 of the
reference beam and a signal waveform 42 of the reflected
beam are waveforms having a deviation of a time At. This is
because, after the reference beam and the detection beam are
split by the polarized-light reflecting plate 37, there is an
optical path difference in the paths that each of the light
beams pass through until reaching the light-receiving element
39. Here, when the distance between the polarized-light
reflecting plate 37 and the surface of the examination target 11
is assumed to be /2 and light speed is assumed to be c, the
optical path difference is L, and thus the signal waveforms
have a deviation of At=L/c. At this time, since a slight differ-
ence is generated between the optical frequencies of the ref-
erence beam and the reflected detection beam received by the
light-receiving element 39, a beat signal 93 of such differen-
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tial frequency (hereafter referred to as beat frequency)
fb=Av-fm-At is detected by the light-receiving element 39.
[0114] For example, when the cyclic frequency fm of the
sawtooth wave of the laser beam 33 is fm=10 MHz, the
fluctuation range Av of the optical frequency is Av=15 GHz,
and the optical path difference L between the reference beam
and the detection beam is L=40 mm, the beat frequency fb is
20 MHz. At this time, when the length of L shifts by 0.01 mm,
the beat frequency shifts by 5 kHz. Therefore, by accurately
measuring the beat frequency, the distance between the polar-
ized-light reflecting plate 37 and the examination target 11
can be measured accurately.

[0115] In addition, when the surface of the examination
target 11 vibrates due to the propagation of the ultrasonic
wave echoes 28, the frequency of the detection beam reflected
off of the surface of the examination target 11 shifts slightly
due to Doppler shifting. With this, the beat signal 93 detected
by the light-receiving element 39 is also affected by the Dop-
pler shift in the same manner. As such, the beat signal 93
detected by the light-receiving element 39 becomes an FM
signal having the beat frequency as a central frequency. By
demodulating this FM signal, it is possible to detect the vibra-
tions caused by the ultrasonic wave echoes 28 that have been
reflected inside the examination target 11.

[0116] For example, when the variable amplitude of the
surface of the examination target 11 due to the ultrasonic
wave echoes 28 is assumed to be 0.5 nm, and the frequency of
the ultrasonic wave echoes 28 is assumed to be 5 MHz, the
fluctuation velocity v of the surface of the examination target
11 is at most 0.0157 m/s. At this time, assuming light source
wavelength A=683 nm, the Doppler shift frequency tb will be
fo=4nv/A=289 kHz. Therefore, when the beat frequency is 20
MHz, the frequency of the beat signal 93 detected by the
light-receiving element 39 is FM-modulated between 19.71
to 20.29 MHz.

[0117] FIG. 6A and FIG. 6B are diagrams showing the
output waveform (beat signal 93) of the light-receiving ele-
ment 39 of the optical probe 13A. FIG. 6A shows the output
waveform when there is no Doppler shift, and FIG. 6B shows
the output waveform when there is a Doppler shift. When
there is no vibration at the surface of the examination target 11
(that is, when there is no propagation of the ultrasonic wave
echoes 28), a carrier wave of a beat frequency that is in
accordance with the optical path difference L between the
reference beam and the detection beam, as shown in FIG. 6 A,
is detected. The position detecting unit 15 can calculate the
optical path difference L. using the beat frequency. In addi-
tion, the position detecting unit 15 can calculate the relative
positional relationship (first relative positional relationship)
between the receiving spot and the receiving probe 13.
[0118] Furthermore, when the ultrasonic wave echoes 28
reach the surface of the examination target 11, the surface of
the examination target 11 vibrates. When the surface of the
examination target 11 vibrates, the carrier waves are FM-
demodulated as shown in FIG. 6B. By FM-demodulating
such signal, the receiving unit 14 can generate a detection
signal 94 indicating the microscopic displacement of the sur-
face of the examination target 11 due to the ultrasonic wave
echoes 28.

[0119] It should be noted that the detection beam is divided
into plural beams by the microlens array 38, and the light-
receiving element 39 is also split into plural light-receiving
areas according to the branch areas of the beams. Further-
more, plural light-receiving elements may be separately pro-
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vided. By calculating respective beat frequencies from the
signals obtained in the light-receiving areas, the distance
between the optical probe 13 A and the examination target 11
can be more accurately detected even when the surface of the
examination target 11 is curved as in FIG. 3.

[0120] As described above, by configuring the transmitting
probe 12 and the optical probe 13A, which is a receiving
probe, as separate bodies such that the optical probe 13A does
not come into contact with the body surface, it becomes
possible to reduce the amount of deformation that occurs in
the examination target 11 during examination in the case
where the examination start time is assumed as the criterion.
[0121] It should be noted that although a configuration is
adopted in which the transmitting probe 12 transmits ultra-
sonic waves three-dimensionally from one transmitting point,
ultrasonic waves may be transmitted over a wide area by
using plural ultrasound probes.

[0122] However, having fewer parts of the probes coming
into contact with the examination target allows the amount of
deformation of the examination target to be kept minimal.
[0123] Furthermore, the configuration of pressing down
only on the nipple which is facing upward has the advantage
in that it is easy to reproduce the state of deformation before
surgery and verifying the position for surgery is easy.

[0124] Meanwhile, in performing beam forming using the
detection signal 94, assuming that a hypothetical sound
source in phase rectifying addition is the focus point, the
distance between the transmitting point at which the ultra-
sonic waves 26 are transmitted and the focus point, and the
distance from the focus point to the respective receiving spots
need to be known. Since the transmitting positions and the
receiving positions are conventionally arranged at equal inter-
vals on the same plane, it is easy to calculate the distances
between them. On the other hand, in the present configura-
tion, since the detection signal 94 is detected by forming
receiving spots on the curved surface having an uncertain
shape, it is necessary to measure the three-dimensional posi-
tion of each of the receiving spots with respect to the trans-
mitting position of the ultrasonic waves 26.

[0125] FIG. 7A and FIG. 7B are diagrams showing the
delay time when in-phase signals are detected. FIG. 7A shows
the delay time when receiving spots are on a flat surface. FIG.
7B shows the delay time when receiving spots are on a curved
surface.

[0126] As shownin FIG. 7A, when the respective receiving
spots 51 are formed at equal intervals on a flat surface, it is
possible to calculate the distance from the focus point 54 to
each of the receiving spots 51. Therefore, the signal process-
ing unit 16 can perform beam forming by calculating the
delay time 52 based on this distance.

[0127] On the other hand, as shown in FIG. 7B, when the
receiving spots 51 are formed on a curved surface having an
uncertain shape, the distance from the focus point 54 to each
of the receiving spots 51 is uncertain. Therefore, the signal
processing unit 16 cannot calculate the delay time 53 and is
thus unable to perform beam forming. Therefore, it becomes
necessary to calculate the three-dimensional position of each
receiving spot.

[0128] In this embodiment, the position detecting unit 15
calculates the relative positional relationship between the
transmitting positions of the ultrasonic waves 26 and the
receiving spots, using the relative positional relationship
between the transmitting probe 12 and the optical probe 13A,
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and the distance L/2 between the optical probe 13A and the
receiving spots on the examination target 11.

[0129] Specifically, the position detecting unit 15 detects
the relative positional relationship (second relative positional
relationship) and relative angle between the transmitting
probe 12 and the optical probe 13 A, from the positioning data
92 of the driving unit 21. Furthermore, as described above, the
position detecting unit 15 calculates the first relative posi-
tional relationship between each of the receiving spots and the
optical probe 13 A, from the frequency of the beat signal 93. In
addition, the position detecting unit 15 calculates a third
relative positional relationship between the transmitting
probe 12 and the respective receiving spots, from the first
relative positional relationship and the second relative posi-
tional relationship, and stores, in the position storage unit
165, the relative position information 95 indicating the cal-
culated third relative positional relationship. Then, the arith-
metic processing unit. 16¢ computes the time it takes for the
ultrasonic wave echoes 28 to reach the receiving spots based
on the third relative positional relationship, and generates
image data 99 by performing phase rectifying addition on the
detection signal 94 using such time.

[0130] It should be noted that, in order to calculate the
relative position of each receiving spot with respect to the
transmitting position of the ultrasonic wave, it is sufficient to
adopt a configuration that allows the measurement of the
relative position of each receiving spot with respect to the
optical probe 13A. This measurement can be implemented,
for example, by using a separate sensor for three-dimensional
measurement, such as a stereo camera, and the like.

[0131] Furthermore, as described earlier, although it is pos-
sible to calculate the distance between the receiving spots and
the optical probe 13A, there is a possibility that the relative
positional relationship between the optical probe 13A and the
respective receiving spots cannot be correctly calculated
when the angle formed by the traveling direction of the detec-
tion beam emitted from the optical probe 13A and the polar-
ized-light reflecting plate 37 is not perpendicular.

[0132] In view of this, in this embodiment, in order to
perform this measurement, the respective emission angles of
the light beams (hereafter referred to as receiving beams)
which are emitted from the optical probe 13A and form the
respective receiving spots are measured before hand. In this
manner, by measuring the emission angle of each of the
receiving beams before hand, the length (optical path differ-
ence L) of each of the receiving beams can be calculated from
the beat frequency of the beat signal 93 as described using
FIG. 4 and FIG. 5, and thus the position detecting unit 15 can
calculate the relative positions of the receiving spots 51 from
the direction (emission angle) and the length (optical path
difference L) of each receiving beam.

[0133] Next, the operation of the ultrasound examination
apparatus 10 according to Embodiment 1, configured in the
aforementioned manner, shall be described using FIG. 2 to
FIG. 4, and FIG. 8. FIG. 8 is a flowchart showing the opera-
tion of the ultrasound examination apparatus 10.

[0134] First, the control unit 20 controls the transmitting
unit 19 such that the driving signal 98 is generated at a
predetermined timing. The transmitting unit 19 performs
delay processing for focusing and deflecting the ultrasonic
waves 26, according to the control. Then, the transmitting unit
19 supplies the driving signal 98 that has undergone delaying
processing, to each of the transducers of the transmitting
probe 12 (S101). The transmitting probe 12 transmits the
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ultrasonic waves 26 from the respective transducers to form
predetermined wavefronts, according to the driving signal 98
transmitted from the transmitting unit 19 (S102). The ultra-
sonic waves 26 travel in a predetermined direction, in accor-
dance with the wavefronts. The ultrasonic waves 26 transmit-
ted from the transmitting probe 12 are reflected off of the
reflective tissue 27 inside the examination target 11 and
become the ultrasonic wave echoes 28 which are propagated
to the surface of the examination target 11.

[0135] Here, the driving unit 21 moves the optical probe
13 A before hand to a position suitable for the detection of the
ultrasonic wave echoes 28 (S103). For example, the driving
unit 21 moves the optical probe 13 A so that receiving spots
for detecting the ultrasonic wave echoes are formed in a
cross-section including the transmitting direction of the ultra-
sonic waves 26. Subsequently, the optical probe 13A per-
forms the receiving of the ultrasonic wave echoes 28 (S104)
and the measuring of the receiving position of the ultrasonic
wave echoes 28 (S105).

[0136] The signal receiving by the optical probe 13A is
performed according to the operation below. First, the current
modulator 32 modulates the injection current. With this, the
semiconductor laser 31 emits the frequency-modulated laser
beam 33. The beam expander 36 expands the laser beam 33.
The polarized-light reflecting plate 37 splits the expanded
laser beam into the reference beam and the detection beam.
The detection beam is emitted so as to form receiving spots on
the surface of the examination target 11. The reflected detec-
tion beam that is reflected off of each of the receiving spots is
received, superimposed with the reference beam, in a corre-
sponding one of the light-receiving areas on the light-receiv-
ing element 39.

[0137] At this time, the polarization directions of the refer-
ence beam and the detection beam bisect each other immedi-
ately after the reference beam and the detection beam are
reflected off of the polarized-light reflecting plate 37 and the
examination target 11, respectively. Furthermore, since the
polarization direction of both the reference beam and the
detection beam are tilted approximately 45 degrees with
respect to the P polarized light of the polarized-light beam
splitter 35, the respective P polarized light components of the
reference beam and the detection beam pass through the
polarized-light beam splitter 35. In this manner, since com-
ponents of the same polarization direction pass through, the
reference beam and the detection beam interfering with each
other are received by the light-receiving element 39.

[0138] The beatsignal 93 detected in this manner is a signal
that is FM-modulated with a beat frequency that is in accor-
dance with the optical route difference between the reference
beam and the detection beam, as a central frequency. There-
fore, the receiving unit 14 generates a detection signal 94
corresponding to the ultrasonic wave echoes 28 by demodu-
lating the FM-demodulation of the beat signal 93.

[0139] Furthermore, the position detecting unit 15 calcu-
lates the distance between the respective receiving spots and
the optical probe 13A, from the beat frequency. It should be
noted that, when the emission angle of the receiving beam
with respect to the optical probe 13A is not perpendicular, the
position detecting unit 15 may calculate the relative posi-
tional relationship between the optical probe 13A and the
respective receiving spots by adding, to such distance infor-
mation, the emission angle information of the receiving beam
that was measured before hand. Then, the position detecting
unit 15 calculates the relative position of each receiving spot
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with respect to the transmitting position of the ultrasonic
waves 26, from the relative position of each receiving spot
with respect to the optical probe 13 A and the positioning data
92 of the driving unit 21.

[0140] Tt should be noted that the optical probe 13 A detects
the ultrasonic wave echoes 28 without contact with the
examination target. Furthermore, in the case of this embodi-
ment, image information of an extensive area can be obtained
by moving the optical probe 13 A without moving the trans-
mitting probe 12. As such, problems such as the deterioration
of signals to be detected due to the level of indentation pres-
sure or the angle of a conventional probe do not occur. Fur-
thermore, compared with the conventional ultrasound exami-
nation apparatus, it is possible to reduce the change in shape
between the state of deformation of the examination target 11
at the start of examination and the subsequent states of defor-
mation of the examination target 11. As such, since the effect
of the deformation of the examination target 11 included in
each diagnostic image comes close to becoming constant,
there is little need to individually perform compensation of
the deformation of the examination target 11 for the obtained
diagnostic images.

[0141] Furthermore, since the positional relationship with
respect to the optical probe 13A can be calculated for each
receiving spot, the phase rectifying addition of the received
signal can be performed even when the surface of the exami-
nation target 11 is curved. With this, examination can be
performed using a larger aperture, and thus high resolution
can be obtained.

[0142] Furthermore, since the optical probe 13 A detects the
ultrasonic wave echoes 28 from the vibrations at the surface
of the examination target 11, when the skin surface is tilted
with respect to the receiving beam, amplitude of oscillation
caused by the ultrasonic wave echoes 28 become visually
small, and thus contrast deteriorates. In response to this, in
this embodiment, the control unit 20 calculates the tilt angle at
each receiving spot by estimating the shape of the surface of
the examination target 11 from the three-dimensional posi-
tion (first relative information) of each receiving spot that is
measured. Then, the control unit 20 can prevent the deterio-
ration of contrast by adjusting the amplitude of the displace-
ment (oscillation amplitude) detected at the receiving spot,
according to such tilt angle. Specifically, the control unit 20
increases the oscillation amplitude when the angle of tilt is
greater than a predetermined threshold. Furthermore, the con-
trol unit 20 increases the oscillation amplitude as the angle of
tilt is larger. For example, the control unit 20 increases the
oscillation amplitude by increasing the gain of the receiving
unit 14 with respect to the beat signal 93. Alternatively, the
control unit 20 increases the oscillation amplitude by increas-
ing the intensity of the detection beam emitted by the trans-
mitting probe 12.

[0143] It should be noted that although the amount of
reflected light decreases when the skin surface is tilted with
respect to the optical probe 13 A, this does not pose a problem
since the oscillation amplitude is detected from the frequency
of the FM-modulated beat signal 93.

[0144] Description is once again carried out with reference
to FIG. 8. The receiving unit 14 demodulates the beat signal
93 generated by the optical probe 13A, and further performs
amplification and digital conversion to generate the detection
signal 94 (S106). The detection signal 94 is stored in the
signal storage unit 16a of the signal processing unit 16. Fur-
thermore, the relative position information 95 (third relative
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positional relationship) of each receiving spot with respect to
the transmitting position of the ultrasonic waves 26, which is
detected by the position detecting unit, is stored in the posi-
tion storage unit 165.

[0145] Next, the arithmetic processing unit 16¢ generates
image data 99 by performing beam forming processing on the
region following the transmission path (hereafter referred to
as sound ray), based on the detection signal 94 stored in the
signal storage unit 16a and the relative position information
95 stored in the position storage unit 165 (S107). Then, the
image data 99 obtained from such processing is stored in the
image memory 16d.

[0146] The above-described operation takes place while
the sound ray of the ultrasonic waves 26 transmitted from the
transmitting probe 12 moves inside the examination target.
Specifically, when the scanning of all the regions to be exam-
ined has not been completed (No in S108), the processes in
steps S103 to S107 are performed. Then, when the scanning
of all the regions to be examined is completed (Yes in S108),
the image data 99 of all the regions to be examined is arith-
metic-processed and stored in the image memory 164.
[0147] It should be noted that, at this time, the transmitting
probe 12 three-dimensionally transmits the ultrasonic waves
26, while being in a fixed position. Furthermore, the optical
probe 13 A performs non-contact signal detection while mov-
ing to a position that facilitates receiving of the ultrasonic
wave echoes 28 in accordance with the direction of the sound
ray of the ultrasonic waves 26. In this manner, when the
transmitting probe 12 which transmits the ultrasonic waves
26 and the optical probe 13A which receives the ultrasonic
wave echoes 28 are configured as separate bodies, the propa-
gation path of the ultrasonic wave echoes 28 can be shortened
particularly in the case where the scanning angle is large.
Therefore, it is possible to perform signal detection in which
there is a large number of apertures for receiving and there is
also little attenuation. This makes it possible to perform scan-
ning with high resolution and contrast, over a large area.
[0148] Next, the image processing unit 17 generates a
three-dimensional image 97 by performing three-dimen-
sional image rendering of the three-dimensional data 96
which is the plural items of image data 99 stored in the image
memory 164 (S109). Subsequently, the three-dimensional
image 97 obtained through such processing is displayed on
the image displaying unit 18.

[0149] As described thus far, when the deformation of the
examination target at the start of examination is assumed as
the criterion, the ultrasound examination apparatus 10
according to this embodiment can reduce the deformation of
the examination target 11 after the start of the examination
compared to conventional ultrasound examination appara-
tuses. Accordingly, the ultrasound examination apparatus 10
can easily obtain, as a three-dimensional image, a more accu-
rate total image of the breast. Therefore, since it is possible to
obtain a three-dimensional total image which has high repro-
ducibility and allows a doctor to display and interpret a tomo-
graphic image of an arbitrary cross-section, efficient diagno-
sis can be carried out.

[0150] In addition, the ultrasound examination apparatus
10 according to this embodiment can realize an ultrasound
examination apparatus which allows examination without
deformation of the breast, and is thus capable of providing a
breast cancer examining apparatus suited to automatic mea-
surement. Accordingly, since it is possible to obtain an exami-
nation result that is not dependent on the examiner, breast
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cancer examination can be performed with an all-female
staff, for example. With this, more women will more readily
undergo breast cancer screening.

[0151] Furthermore, unlike with the conventional direct
contact method, with the ultrasound examination apparatus
10 according to this embodiment, there is little image dete-
rioration due to the indentation pressure and angle of the
probe. As such, there is little need to perform scanning while
checking the ultrasound images, and thus the ultrasound
examination apparatus 10 is further suitable for to an auto-
mated examination apparatus. In addition, since the optical
probe 13A can be moved with respect to the transmitting
probe 12, excellent ultrasound images can be obtained even
when the scanning angle of the ultrasonic waves transmitted
is large. This makes it possible to perform scanning with high
resolution and contrast, over a large area.

[0152] It should be noted that although description of con-
figurations in this embodiment is carried out assuming an
automated apparatus, application to a form in which exami-
nation is performed by a technician who manually moves the
optical probe 13A is also possible.

[0153] FIG. 9A and FIG. 9B are diagrams showing the
configuration of the optical probe 13A that has been minia-
turized under the assumption of manual operation. FIG. 9A is
a perspective view of the optical probe 13A in such a case.
FIG. 9B is a cross-sectional view of main parts of the optical
probe 13A. It should be noted that, in FIG. 9A and FIG. 9B,
constituent elements that are the same as those in FIG. 4 are
assigned the same reference signs as in FIG. 4 and their
description shall not be repeated.

[0154] As shown in FIG. 9, the optical probe 13A includes
the semiconductor laser 31, the current modulator 32, the
collimating lens 34, a light-guiding bar 61 which converts the
laser beam 33 into linear parallel light beams, and a planar
detecting unit 62.

[0155] Here, plural deflecting trenches having a tilted face
which is tilted approximately 45 degrees with respectto a side
face at which the light is emitted are formed in the light-
guiding bar 61. The light-guiding bar 61 deflects light inci-
dent on the light-guiding bar 61, 90 degrees by total reflec-
tion.

[0156] Furthermore, the planar detecting unit 62 is config-
ured, for example, in the structure shown in FIG. 9B. The
planar detecting unit 62 includes a light-guiding plate 63, the
polarized-light reflecting plate 37, the microlens array 38, a
polarized-light plate 64, a view angle control sheet 65, and the
light-receiving element 39.

[0157] The laser beam 33 emitted from the light-guiding
bar 61 enters the light-guiding plate 63 from a side face. The
light-guiding plate 63 emits the laser beam 33 incident
thereon, from one main face 63a.

[0158] The polarized-light reflecting plate 37 is disposed
adjacent to the main face 63a of the light-guiding unit 63. The
polarized-light plate 64 is disposed on a side of the light-
guiding unit 63 that is opposite the polarized-light reflecting
plate 37.

[0159] Out of the light that has passed through the polar-
ized-light plate 64, the view angle control sheet 65 allows
only light entering approximately perpendicularly. The light-
receiving element 39 has plural light-receiving areas which
correspond respectively to the receiving spots on the exami-
nation target 11.

[0160] It should be noted that plural deflecting faces 63c,
each configured of a tilted face that is tilted approximately 45
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degrees with respect to the main face 634, are formed in an
opposite side 635 of the light-guiding plate 63. With this, the
light-guiding plate 63 can deflect light entering approxi-
mately parallel to the main face 634, towards the main face
63a by total reflection, and emit light approximately perpen-
dicularly from the main face 63a.

[0161] Furthermore, the transmission axis of the polarized-
light plate 64 forms a 45 degree angle with the transmission
axis of the polarized-light reflecting plate 37. Furthermore,
the view angle control sheet 65 is provided to prevent, for
each of the light-receiving areas of the light-receiving ele-
ment 39, stray light from a non-corresponding receiving spot
from mixing in.

[0162] In the optical probe 13A configured in the above-
described manner, the frequency-modulated laser beam 33 is
collimated by the collimating lens 34, converted into linear
parallel light beams by the light-guiding bar 61, and enters the
planar detecting unit 62. The laser beams 33 incident on the
light-guiding plate 63 of the planar detection unit 62 are
deflected by the deflecting faces 63c¢, emitted approximately
perpendicularly from the main face 63a of the light-guiding
plate 63, and split into the reference beams and the detection
beams by the polarized-light reflecting plate 37. The detec-
tion beams form plural receiving spots on the surface of the
examination target 11 via the microlens array 38. The detec-
tion beam reflected off of each receiving spot and the refer-
ence beam reflected by the polarized-light reflecting plate 37
pass through the light-guiding plate 63 and enter the polar-
ized-light plate 64. Here, although the polarization directions
of the reference beam and the detection beam are orthogonal
to each other, both polarization directions turn approximately
45 degrees with respect to the transmission axis of the polar-
ized-light plate 64. Therefore, respective lights of the same
polarized light component of the reference beam and the
detection beam pass through the polarized-light plate 64, and
only the lights which pass approximately perpendicularly
pass through the view angle control sheet 65 and interfere in
the light-receiving element 39. Then, the interfering lights are
detected in the respective light-receiving areas of the light-
receiving element 39.

[0163] Even with such a configuration, the distance
between the examination target 11 and the optical probe 13A
can be calculated from the beat frequency of the detected beat
signal 93, and by demodulating the FM modulation, the
vibrations at each of the receiving spots can be detected.

[0164] Therefore, the configuration described above pro-
vides an optical probe that is small and thin, but capable of
reducing the deformation of the examination target 11 occur-
ring during examination. With this, it is possible to realize an
ultrasound examination apparatus having high reproducibil-
ity and high resolution.

[0165] Furthermore, although, in this embodiment, the
detection of the relative positional relationship and relative
angle between the transmitting probe 12 and the receiving
probe 13 is performed using the positioning information of
the driving unit 21, using an infrared ray sensor or gyro
detection, and so on, would allow a configuration in which the
transmitting probe 12 and the receiving probe 13 are
detached.

[0166] FIG. 10 is a diagram showing a specific example of
a detached-probe configuration. Furthermore, FIG. 11 is a
block diagram of the ultrasound examination apparatus 10 in
such a case.
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[0167] As shown in FIG. 10, the transmitting probe 12
further includes two sensor bars 67 arranged so as to be
orthogonal to each other. Each of the sensor bars 67 includes
two light sources 67a (second light sources) which are dis-
posed one on each end of the sensor bar 67. The light source
67a is, for example, an infrared LED.

[0168] In addition, as shown in FIG. 11, the transmitting
probe 12 includes a gyro-sensor 87 (first gyro-sensor). Fur-
thermore, the receiving probe 13 has the thin configuration
described using FIG. 9, and includes a display panel 66 that
displays a tomographic image, an optical sensor 85, and a
gyro-sensor 86 (second gyro-sensor).

[0169] The gyro-sensor 87 detects the orientation of the
transmitting probe 12. The gyro-sensor 86 detects the orien-
tation of the receiving probe 13. Then, the position detecting
unit 15 detects the relative angle between the transmitting
probe 12 and the receiving probe 13 by comparing the orien-
tation of the transmitting probe 12 and the orientation of the
receiving probe 13 which are detected by the gyro-sensors.
[0170] The optical sensor 85 detects the lights from the
light sources 67a, using images. The optical sensor 85 is, for
example, a CMOS sensor that constantly takes images of the
infrared light produced at the tips of the sensor bars 67. The
position detecting unit 15 calculates the positional relation-
ship of the light sources 67a as seen from the optical sensor
85, from the positions of the luminous spots and the spaces
therebetween indicated in the images taken by the optical
sensor 85, and detects the relative positional relationship
between the transmitting probe 12 and the receiving probe 13
from the calculated positional relationship.

[0171] Tt should be noted that although the transmitting
probe 12 includes the light sources 67a, and the receiving
probe 13 includes the optical sensor 85 here, the transmitting
probe 12 may include the optical sensor 85 and the receiving
probe 13 may include the light sources 67a.

[0172] By adopting such a configuration, the relative posi-
tional relationship and the relative angle between the trans-
mitting probe 12 and the receiving probe 13 can be detected
even when the transmitting probe 12 and the receiving probe
13 are completely detached, and thus examination can be
carried out while a technician freely moves the receiving
probe 13 by hand.

[0173] Furthermore, at this time, by operating the transmit-
ting probe 12 according to the position of the receiving probe
13 so that the ultrasonic waves 26 transmitted from the trans-
mitting probe 12 move in a direction that is approximately
parallel to the receiving probe 13, the displaying panel 66
displays a tomographic image of the inside of the examination
target 11 for a cross-section that is approximately parallel to
the display surface of the displaying panel 66. This makes it
easier for the technician to intuitively judge the position of a
tumor and so on. Furthermore, for example, in an examina-
tion such as a mammotome biopsy, it allows easy guidance of
a needle 68 to a suspected part of the examination target 11.
[0174] Tt should be noted that although, in the exemplary
configuration shown in FIG. 10, the detection of the relative
positional relationship and relative angle between the trans-
mitting probe 12 and the receiving probe 13 is performed
using a gyro-sensor and an infrared ray sensor, the relative
positional relationship and relative angle between the trans-
mitting probe 12 and the receiving probe 13 may be detected
using a sensor using radio waves, magnetism, or ultrasound.
Furthermore, the relative positional relationship and relative
angle between the transmitting probe 12 and the receiving
probe 13 may be detected by performing image processing on
an image taken by a camera.
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[0175] It should be noted that although the transmitting
probe 12 in this embodiment is described as having a structure
in which the transducers are two-dimensionally arranged, the
transmitting probe 12 may be a mechanical sector probe
which causes transducers arranged one-dimensionally to
mechanically oscillate inside the probe.

[0176] Furthermore, although laser beam is emitted from
the optical probe 13 A towards the skin surface in this embodi-
ment, light-protecting agent may be applied to the surface of
the skin to protect the skin and increase the reflectance at the
surface of the skin. As a light-protecting agent, it is possible to
use a light-shielding agent which includes, for example, a
powder such as titanium oxide, zinc oxide, kaolin, talc, or
mica.

[0177] Furthermore, although the ultrasound examination
apparatus 10 displays the three-dimensional image 97 in this
embodiment, a two-dimensional image (tomographic image)
may be displayed without generating a three-dimensional
image.

[0178] Furthermore, although an example of breast cancer
examination is described in this embodiment, the ultrasound
examination apparatus 10 can be used for the purpose of
examining other parts of the human body. In addition, the
ultrasound examination apparatus 10 can be used for pur-
poses of examining living bodies in general, other than a
human body.

Embodiment 2

[0179] In Embodiment 2 of the present disclosure, a pro-
jector including an optical probe shall be described.

[0180] FIG.12A is diagram showing the configuration of a
projector 71 according to Embodiment 2 of the present dis-
closure. FIG. 12B is a diagram for describing the operation of
an optical probe 13B included in the projector 71. In this
embodiment, a configuration obtained by modifying the opti-
cal probe 13A described in Embodiment 1 is used for the
purpose of touch detection for a projector. It should be noted
that among the constituent elements included in the optical
probe 13B included in the projector 71, constituent elements
that are the same as those in the optical probe 13A described
in Embodiment 1 are given the same reference signs as in
Embodiment 1, and description thereof shall not be repeated.
[0181] As shown in FIG. 12A, the projector 71 projects a
video onto a display body 72 such as a screen, a wall, or a
table. In addition, the projector 71 includes the optical probe
13B. The optical probe 13B forms, on the display body 72,
receiving spots 73a to 73d for detecting vibrations. The
receiving spots 73a to 73d detect surface acoustic waves 75
generated when the display body 72 is touched with a finger
74. The projector 71 identifies the position touched by the
finger 74 based on a receiving signal detected by the optical
probe 13B.

[0182] Here, as shown in FIG. 12B, the optical probe 13B
includes the semiconductor laser 31, the current modulator
32, the collimating lens 34, polarized-light beam splitters 35a
and 356 which reflect the S polarized light component of the
laser beam 33, polarized-light reflective plates 37a and 375
each of which has a transmission axis that is tilted approxi-
mately 45 degrees with respect to incident polarized light,
light-receiving elements 39a and 395, and a 2 wavelength
plate 76 which turns, by 90 degrees, the polarization direction
of the light transmitted through the polarized-light beam
splitter 35a.
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[0183] It should be noted that although the optical system
forming the receiving spots 73¢ and 73d have been omitted in
order to simplify description in FIG. 12B, the optical system
is the same as the optical system forming the receiving spots
73a and 73b shown in FIG. 12B.

[0184] In the optical probe 13B configured in the above-
described manner, the frequency-modulated laser beam 33 is
collimated by the collimating lens 34. In addition, out of the
collimated light, the S polarized light component is reflected
off of the polarized light beam splitter 354, and the P polar-
ized light component is allowed to pass through. The P polar-
ized light component that passed through the polarized-light
beam splitter 35q is converted to S polarized light by the 14
wavelength plate 76, and is subsequently reflected off of the
polarized-light beam splitter 354. The lights reflected off of
the polarized-light beam splitters 35a and 355 are each split
into a reference beam and a detection beam by the polarized
light reflecting plates 37a and 375, respectively. The detec-
tion beams are emitted onto the display body 72 and form the
receiving spots 73a to 73d.

[0185] Here, touching a part on the display body 72 using
the finger 74 generates surface acoustic waves 75 which have
the position touched by the finger 74 as a point of origin. The
generated surface acoustic waves 75 propagate on the surface
of the display body 72 and eventually reach the receiving
spots 73a to 73d. With this, each of the receiving spots
vibrate. At this time, the optical frequency of the detection
beams shift slightly due to Doppler shift, and the detection
beams are reflected.

[0186] The detection beams and the reference beams
reflected off of the polarized light reflecting plates 37a and
37b enter the polarized-light beam splitters 35a and 354. P
polarized light component of each of these lights pass through
the polarized light beam splitter 35a and 355. Then the inter-
fering light of the detection beam and the reference beam are
received on the light-receiving elements 39a and 394. In
addition, the position of each of the receiving spots and the
signal corresponding to the surface acoustic waves 75 are
detected by the projector 71, from the FM-modulated signal.
It should be noted that the detection principle is the same as
that in Embodiment 1.

[0187] Atthistime, the position of the point of origin of the
surface acoustic waves 75, that is, the position touched by the
finger 74 can be calculated from the positions of the respec-
tive receiving spots and the time at which the surface acoustic
waves 75 are received. With this, the display body 72 can be
made to operate like a touch panel.

[0188] It should be noted that, by using an infrared light as
a light source, it is possible to form many receiving spots on
the display body 72. With this, the position that is touched can
be accurately detected even when the surface of the display
body 72 is curved. Therefore, the projector according to
Embodiment 2 is useful because anything that conveys vibra-
tions can be used as a touch panel regardless of shape. Fur-
thermore, since the distance between the receiving spots 73a
to 73d on the display body 72 and the projector 71 is known,
keystone correction, and the like, can be performed automati-
cally.

[0189] As described above, the projector according to
Embodiment 2 includes a receiving probe that detects, with-
out contact, the microscopic displacement at plural positions
on the surface of the examination target. The receiving probe
includes: a light source that emits a laser beam; a splitting
element that splits the laser beam into a detection beam and a
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reference beam; an irradiating optical system that divides the
detection beam into plural beams and irradiates an examina-
tion target with the plural beams so as to form plural light
spots on the surface of the examination target; and plural
receiving elements that receive the respective detection
beams reflected off of the light spots and receive the reference
beam which is superimposed on the respective detection
beams. The receiving probe detects, at the light spots, surface
acoustic waves generated on the surface of the examination
target. The projector detects the generation source of the
surface acoustic waves from the positions of the light spots
and the time at which vibrations are detected.

[0190] It should be noted that the configurations shown in
Embodiment 1 and Embodiment 2 are examples, and various
modifications can be carried out without departing from the
essence of the present inventive concept. Furthermore, it goes
without saying that all of the constituent elements may be
combined in an arbitrary manner, and each combination pro-
duces the unique effects of the present inventive concept.
[0191] Furthermore, each of the processing units included
in the ultrasound examination apparatus or projector accord-
ing to the above-described embodiments is typically imple-
mented as an LSI which is an integrated circuit. These pro-
cessing units may be individually configured as single chips
or may be configured so that a part or all of the processing
units are included in a single chip.

[0192] Furthermore, the method of circuit integration is not
limited to LSIs, and implementation through a dedicated
circuit or a general-purpose processor is also possible. A Field
Programmable Gate Array (FPGA) which allows program-
ming after LSI manufacturing or a reconfigurable processor
which allows reconfiguration of the connections and settings
of the circuit cells inside the LSI may also be used.

[0193] Furthermore, part or all of the functions of the ultra-
sound examination apparatus or projector according to the
embodiments of the present inventive concept may be imple-
mented through the execution of a program by a processor
such as a CPU.

[0194] In addition, the present inventive concept may be
realized as the aforementioned program or a non-transitory
computer-readable recording medium on which such pro-
gram is recorded. Furthermore, it should be obvious that the
program can also be distributed via a transmission medium
such as the Internet.

[0195] Furthermore, at least part of the functions or con-
figuration of the ultrasound examination apparatus, projector,
and the modifications thereof, according to the above-de-
scribed embodiments may be combined.

[0196] Furthermore, all the numerical figures used above
are given as examples to describe the present inventive con-
cept in specific terms, and thus the present inventive concept
is not limited by such illustrative numerical figures. Further-
more, all the materials of the respective constituent elements
described above are given as examples to describe the present
inventive concept in specific terms, and thus the present
inventive concept is not limited by such illustrative materials.
Furthermore, the connection relationships among constituent
elements are given as examples to describe the present inven-
tive concept in specific terms, and thus the connection rela-
tionships for implementing the functions ofthe present inven-
tive concept are not limited by such examples.

[0197] Furthermore, the separation of the function blocks
in the block diagrams is merely an example, and plural func-
tion blocks may be implemented as a single function block, a
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single function block may be separated into plural function
blocks, or part of functions of a function block may be trans-
ferred to another function block. Furthermore, the functions
of function blocks having similar functions may be pro-
cessed, in parallel or by time-sharing, by a single hardware or
software.

[0198] Furthermore, the sequence in which the above-de-
scribed steps are executed is given as an example to describe
the present inventive concept in specific terms, and thus other
sequences are possible. Furthermore, part of the above-de-
scribed steps may be executed simultaneously (in parallel)
with another step.

[0199] Although only some exemplary embodiments have
been described in detail above, those skilled in the art will
readily appreciate that various modifications may be made in
these exemplary embodiments without materially departing
from the principles and spirit of the inventive concept, the
scope of which is defined in the appended Claims and their
equivalents.

INDUSTRIAL APPLICABILITY

[0200] One or more exemplary embodiments of the present
disclosure are applicable to ultrasound examination appara-
tuses. One or more exemplary embodiments of the present
disclosure are particularly well-suited as breast cancer exam-
ining apparatuses.

1. An ultrasound examination apparatus for observing an
inside of a body of a living subject, said ultrasound examina-
tion apparatus comprising:

a transmitting probe that transmits ultrasonic waves to an
inside of an examination target which is a part of the
living subject;

areceiving probe that detects microscopic displacement on
a surface of the examination target without contact with
the examination target, to detect reflected ultrasonic
waves which are the ultrasonic waves reflected from the
inside of the examination target; and

a signal processing unit configured to generate an image of
the inside of the examination target, based on the
reflected ultrasonic waves during a scanning operation
in which said transmitting probe is kept fixed with
respect to the examination target and said receiving
probe is moved with respect to the examination target.

2. The ultrasound examination apparatus according to
claim 1,

wherein said receiving probe includes:

a first light source that emits a laser light;

a splitting element that splits the laser light into a detection
light and a reference light;

an irradiating optical system that irradiates the examina-
tion target with the detection light to form a light spot on
the surface of the examination target;

a light-receiving element that receives an interfering light
of the reference light and a reflected detection light
which is the detection light reflected off of the light spot,
and generates a beat signal that is in accordance with the
interfering light; and

a receiving unit configured to FM-demodulate the beat
signal to generate a detection signal indicating the
microscopic displacement on the surface of the exami-
nation target at the light spot.

3. The ultrasound examination apparatus according to

claim 2, further comprising
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a position detecting unit configured to calculate a first
relative positional relationship between the light spot
and said receiving probe, based on a frequency of the
beat signal.

4. The ultrasound examination apparatus according to

claim 3,
wherein said position detecting unit is further configured
to:
detect a second relative positional relationship between
said transmitting probe and said receiving probe; and

calculate a third relative positional relationship between
said transmitting probe and the light spot, based on the
first relative positional relationship and the second
relative positional relationship, and

said signal processing unit is configured to generate the
image by computing, based on the third relative posi-
tional relationship, a time it takes for the reflected ultra-
sonic waves to reach the light spot, and performing
phase rectifying addition on the detection signal using
the time.

5. The ultrasound examination apparatus according to

claim 1, further comprising

a driving unit configured to changeably fix a relative posi-
tional relationship and relative angle between said
receiving probe and said transmitting probe,

wherein said driving unit is configured to perform the
scanning operation by keeping said transmitting probe
fixed with respect to the examination target and moving
said receiving probe with respect to the examination
target.

6. The ultrasound examination apparatus according to

claim 4, further comprising

a control unit configured to calculate a tilt angle formed, at
the light spot, between the surface of the examination
target and said receiving probe, and adjust an amplitude
of the microscopic displacement detected at the light
spot, according to the tilt angle.

7. The ultrasound examination apparatus according to

claim 6,

wherein said control unit is configured to calculate the tilt
angle by estimating a shape of the surface of the exami-
nation target using the first relative positional relation-
ship.

8. The ultrasound examination apparatus according to

claim 4,

wherein said first light source emits the laser light having a
sawtooth-modulated optical frequency.

9. The ultrasound examination apparatus according to

claim 8,

wherein said position detecting unit is configured to:

calculate a difference between an optical path of the
detection light and an optical path of the reference
light, based on the frequency of the beat signal; and

calculate the first relative positional relationship based
on an emission angle of the detection light and the
optical path difference.

10. The ultrasound examination apparatus according to

claim 4, further comprising

a driving unit configured to changeably fix a relative posi-
tional relationship and relative angle between said
receiving probe and said transmitting probe,

wherein said position detecting unit is configured to detect
the second relative positional relationship based on
information outputted from said driving unit and indi-
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cating the relative positional relationship and relative

angle between said receiving probe and said transmit-

ting probe.

11. The ultrasound examination apparatus according to
claim 4,

wherein one of said transmitting probe and said receiving

probe includes a second light source,

the other of said transmitting probe and said receiving

probe includes an optical sensor that detects, using an

image, a light from said second light source, and

said position detecting unit is configured to detect the sec-

ond relative positional relationship, based on a relation-

ship between plural positions of said second light source
as seen from said optical sensor.

12. The ultrasound examination apparatus according to
claim 4,

wherein said transmitting probe includes a first gyro-sen-

sor that detects an orientation of said transmitting probe,

said receiving probe includes a second gyro-sensor that
detects an orientation of said receiving probe, and

said position detecting unit is configured to detect a relative

angle formed between said transmitting probe and said
receiving probe, by comparing the orientation of said
transmitting probe detected by said first gyro-sensor and
the orientation of said receiving probe detected by said
second gyro-sensor.

13. The ultrasound examination apparatus according to
claim 4,

wherein said receiving probe further includes a display that

displays a tomographic image ofthe inside of the exami-

nation target, and

said display displays a tomographic image of a cross-sec-

tion of the inside of the examination target which is

approximately parallel to a display surface of said dis-
play.

14. The ultrasound examination apparatus according to
claim 1,

wherein said transmitting probe transmits the ultrasonic

waves to the inside of the examination target, in a state

where said transmitting probe is in contact with the
examination target.

15. An ultrasound examination method for use in an ultra-
sound examination apparatus for observing an inside of a
body of a living subject,

wherein the ultrasound examination apparatus includes:

a transmitting probe that transmits ultrasonic waves to
the inside of the examination target which is a part of
the living subject; and

a receiving probe that detects microscopic displacement
on a surface of the examination target, without contact
with the examination target, to detect reflected ultra-
sonic waves which are the ultrasonic waves reflected
from the inside of the examination target,

said ultrasound examination method comprising:

generating an image of the inside of the examination target,

based on the reflected ultrasonic waves during a scan-
ning operation in which the transmitting probe is kept
fixed with respect to the examination target and the
receiving probe is moved with respect to the examina-
tion target.
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