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(57) ABSTRACT

An ultrasound observation apparatus of the invention
includes: an ultrasound probe portion capable of two-dimen-
sional scanning of an ultrasound beam; a transmission/recep-
tion control section for controlling a transmission/reception
direction of the ultrasound beam by the ultrasound probe
portion; a B-mode image calculation section for generating a
B-mode image on a scanning plane based on a result of
scanning of the ultrasound beam; a storage section for storing
a predetermined sample image determined according to a
shape of a treatment instrument in a case where a central axis
of the treatment instrument for performing a treatment on a
subject and the scanning plane agree with each other; and a
correlation calculation section for calculating a correlation
value between the B-mode image and the sample image,
wherein the transmission/reception control section moves the
scanning plane such that the correlation value becomes the
maximum.
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ULTRASOUND OBSERVATION APPARATUS
AND CONTROL METHOD OF ULTRASOUND
OBSERVATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2010/067950 filed on Oct. 13, 2010 and claims ben-
efit of Japanese Application No. 2009-261153 filed in Japan
on Nov. 16, 2009, the entire contents of which are incorpo-
rated herein by this reference.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to an ultrasound obser-
vation apparatus and a control method of the ultrasound
observation apparatus for generating a B-mode image of
inside a subject by scanning an ultrasound beam on a prede-
termined scanning plane in the subject.

[0004] 2. Description of the Related Art

[0005] As disclosed in a patent document 1, for example, an
ultrasound observation apparatus used in a medical field and
the like is provided with an ultrasound probe capable of
transmitting and receiving ultrasound to and from a subject
and generates a B-mode image as a cross-sectional image of
a subject. The B-mode image is acquired by scanning an
ultrasound beam on a predetermined scanning plane.

[0006] As disclosed in the Japanese Patent Application
Laid-Open Publication No. 2006-175006, using such an
ultrasound observation apparatus makes it possible to per-
form a treatment while checking on a B-mode image a posi-
tion and a posture of a treatment instrument such as a punc-
turing needle, a biopsy forceps, or cytological brush with
respect to a predetermined region in a subject.

SUMMARY OF THE INVENTION

[0007] According to one aspect of the present invention, it
is possible to provide an ultrasound observation apparatus for
generating a B-mode image of inside a subject by scanning an
ultrasound beam on a scanning plane in the subject, which
includes: an ultrasound probe portion capable of two-dimen-
sional scanning of an ultrasound beam by changing a trans-
mission/reception direction of the ultrasound beam in a first
direction and in a second direction; a transmission/reception
control section for controlling the transmission/reception
direction of the ultrasound beam by the ultrasound probe
portion; a B-mode image calculation section for generating
the B-mode image based on a result of scanning of the ultra-
sound beam in the first direction; a storage section for storing
a sample image determined according to a shape of a treat-
mentinstrument in a case where a central axis of the treatment
instrument for performing a treatment on the subject and the
scanning plane agree with each other; and a correlation cal-
culation section for calculating a correlation value between
the B-mode image and the sample image, wherein the trans-
mission/reception control section moves the scanning plane
in the second direction such that the correlation value
becomes the maximum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a view showing a schematic configuration
of an ultrasound observation apparatus according to a first
embodiment.
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[0009] FIG. 2 is a perspective view showing a detailed
configuration of a distal end portion of an insertion portion of
an ultrasound endoscope according to the first embodiment.
[0010] FIG. 3 shows a side surface part of the distal end
portion of the insertion portion according to the first embodi-
ment.

[0011] FIG. 4 is a view of the distal end portion of the
insertion portion according to the first embodiment when
viewed from a distal end direction of an insertion axis.
[0012] FIG. 5 is a view illustrating a configuration of an
ultrasound observation control unit according to the first
embodiment.

[0013] FIG. 6 is a view showing an example of a B-mode
image in a case where a treatment instrument exists on a
scanning plane according to the first embodiment.

[0014] FIG. 7 is a view showing an example of a sample
image according to the first embodiment.

[0015] FIG. 8 is a flowchart describing an operation of the
ultrasound observation control unit according to the first
embodiment.

[0016] FIG. 9 is a flowchart of a scanning plane optimiza-
tion process according to the first embodiment.

[0017] FIG. 10 is a view showing a state where an advanc-
ing direction of the treatment instrument according to the first
embodiment is deviated from a central axis of a treatment
instrument insertion port.

[0018] FIG. 11 is a view showing an example of a B-mode
image in a case where the treatment instrument is deviated
from the scanning plane according to the first embodiment.
[0019] FIG. 12 is a view showing a configuration of an
ultrasound probe portion according to a second embodiment.
[0020] FIG. 13 is a view showing a configuration of an
ultrasound observation control unit according to the second
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] Hereinafter, preferred embodiments of the present
invention will be described with reference to drawings. Note
that, in the drawings used for description below, a different
scale size is used for each of the components in order to allow
each of the components to be illustrated in a recognizable size
in the drawings, and the present invention is not limited to the
number, the shapes, the ratio of the sizes of the components,
and a relative positional relationship among the components
shown in these drawings.

First Embodiment

[0022] The first embodiment of the present invention will
be described below. An ultrasound observation apparatus 1
according to the present embodiment shown in FIG. 1
includes an ultrasound endoscope 2 and an ultrasound obser-
vation control unit 3.

[0023] Theultrasound observation apparatus 1 is schemati-
cally an apparatus which generates a B-mode image (ultra-
sound tomographic image) of a predetermined region in a
subject by scanning an ultrasound beam in the subject, to
output the B-mode image to an image display apparatus 4.
[0024] Theultrasound endoscope 1is configured by mainly
including an insertion portion 10 which can be introduced in
the subject, an operation portion 30 positioned at a proximal
end of the insertion portion 10, a universal cord 40 which
extends from a side portion of the operation portion 30.
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[0025] The insertion portion 10 includes the following
components in a linked manner: a distal end portion 11 dis-
posed at a distal end of the insertion portion; a bendable
bending portion 12 disposed at a proximal end side of the
distal end portion 11, and a flexible tube portion 13 having
flexibility which is disposed at a proximal end side of the
bending portion 12 and connected to a distal end side of the
operation portion 30. Though detailed description will be
made later, the distal end portion 11 is provided with an
ultrasound probe portion 20, a treatment instrument insertion
port 17, a fluid feeding portion 14, an image pickup apparatus
15, an illumination device 16, and the like.

[0026] The insertion portion 10A includes inside thereof a
treatment instrument insertion conduit 18. The treatment
instrument insertion conduit 18 is a conduit for communicat-
ing the treatment instrument insertion port 17 as an opening
portion provided at the distal end portion 10 with a conduit
cap 34 provided at the operation portion 30.

[0027] The operation portion 30 is provided with an angle
knob 31 for operating bending of the bending portion 12, an
air-feeding/water-feeding button 32 for controlling a feeding
operation of fluid from the fluid feeding portion 14 provided
atthe distal end portion 10, a suction button 33 for controlling
a suction operation from the treatment instrument insertion
port 17, the conduit cap 34, and the like.

[0028] An endoscope connector 41 to be connected to a
light source device, not shown, is provided at a proximal end
portion of the universal cord 40. The light emitted from the
light source device passes through the universal cord 40, the
operation portion 30, and an optical fiber cable inserted
through the insertion portion 10, to be emitted from the illu-
mination device 16 of the distal end portion 11. Note that the
ultrasound endoscope 1 may be provided with a light source
device such as an LED at the distal end portion 11.

[0029] An electric cable 42 and an ultrasound cable 44 are
extended from the endoscope connector 41. The electric cable
42 is detachably connected to a camera control unit, not
shown, through an electric connector 43. The camera control
unit is electrically connected to the image pickup apparatus
15 provided at the distal end portion 11 through the electric
cable 42. The camera control unit is electrically connected to
the image display apparatus 4 and outputs an image picked up
by the image pickup apparatus 15 to the image display appa-
ratus 4.

[0030] Theultrasound cable 44 is detachably connected to
the ultrasound observation control unit 3 to be detailed later,
through an ultrasound connector 45.

[0031] Next, description will be made on a detailed con-
figuration of the distal end portion 11 of the insertion portion
10 of the ultrasound endoscope 2. As shown in FIG. 2, the
distal end portion 11 includes the ultrasound probe portion
20, the treatment instrument insertion port 17, the image
pickup apparatus 15, the illumination device 16, and the fluid
feeding portion 14.

[0032] The ultrasound probe portion 20 is configured to be
capable of changing the transmission/reception direction of
the ultrasound beam in a first direction L1 and in a second
direction I.2. That is, the ultrasound probe portion 20 is con-
figured so as to enable two-dimensional scanning of an ultra-
sound beam.

[0033] The configuration of the ultrasound probe portion
20 is not specifically limited as long as the two-dimensional
scanning of the ultrasound beam is possible. In the present
embodiment, as an example, the ultrasound probe portion 20

Nov. 17,2011

includes a plurality of ultrasound transducers which are
aligned in matrix and can be individually driven, and is con-
figured to electronically perform the two-dimensional scan-
ning of the ultrasound beam by controlling a driving timing of
each of the ultrasound transducers.

[0034] As theultrasound transducers constituting the ultra-
sound probe portion 20, piezoelectric elements or electros-
trictive elements such as piezoelectric ceramics, ultrasonic
transducers by micromachine technology (MUT: Microma-
chined Ultrasonic Transducer), or the like can be applied, for
example.

[0035] More specifically, the ultrasound probe portion 20
of the present embodiment can change the transmission/re-
ception direction of the ultrasound beam in a substantially
sector shape on a plane parallel to an insertion axis A of the
insertion portion 10 to perform scanning of an ultrasound
beam, as shown in FIG. 3. In the present embodiment, as
shown by the arrow L1 in FIG. 3, the amplitude direction of
the scanning of the ultrasound beam on the plane substan-
tially parallel to the insertion axis A is defined as a first
direction L1.

[0036] In addition, in the present embodiment, the plane
including a central axis of the ultrasound beam which is
scanned in the first direction L1 is referred to as a scanning
plane, and the B-mode image generated by the ultrasound
observation apparatus 1 is assumed to be acquired by scan-
ning the ultrasound beam on the scanning plane.

[0037] As showninFIG. 4, the ultrasound probe portion 20
of the present embodiment can change the transmission/re-
ception direction of the ultrasound beam in a substantially
sector shape on the plane perpendicular to the insertion axis A
of the insertion portion 10 to perform scanning of the ultra-
sound beam. In the present embodiment, as shown by the
arrow 1.2 in FIG. 4, the amplitude direction of the scanning of
the ultrasound beam on the plane perpendicular to the inser-
tion axis A is defined as a second direction L2.

[0038] That is, the ultrasound probe portion 20 of the
present embodiment enables the scanning plane to move in
the second direction [.2 by changing the transmission/recep-
tion direction of the ultrasound beam in the second direction
L2. In the present embodiment, as an example, the scanning
plane can be moved to positions of a plurality of predeter-
mined locations within the range of scanning in the second
direction L.2.

[0039] Note that the ultrasound probe portion 20 according
to the present embodiment which is shown in drawings is
configured by aligning the ultrasound transducers in a sub-
stantially circular arc shape along the first direction L1 and
the second direction L.2. However, it is needless to say that
electronic two-dimensional scanning of the ultrasound beam
is possible even if the plurality of ultrasound transducers are
aligned in matrix on a plane.

[0040] The treatment instrument insertion port 17 is an
opening portion for allowing a treatment instrument 50 to
protrude therefrom, and communicates with the treatment
instrument insertion conduit 18. In the ultrasound endoscope
2 according to the present embodiment, the treatment instru-
ment 50 is inserted from the opening portion of the conduit
cap 34 to allow the treatment instrument 50 to protrude from
the treatment instrument insertion port 17 of the distal end
portion 11, thereby enabling the treatment instrument 50 to be
introduced into a body of a subject, for example.

[0041] Note that the type of the treatment instrument 50 is
not specifically limited, but a puncture needle, a biopsy for-
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ceps, a cytological brush, or the like can be listed, for
example. In the present embodiment, the treatment instru-
ment 50 is a puncture needle, as shown in FIG. 2. The treat-
ment instrument 50 may be provided with an ultrasound
scattering portion for scattering ultrasound waves in order to
make the echo pattern of the treatment instrument 50 in a
B-mode image clearer.

[0042] Furthermore, in the present embodiment, the treat-
ment instrument insertion port 17 is disposed such that the
treatment instrument 50 protruded from the treatment instru-
ment insertion port 17 advances in a range of scanning of the
ultrasound beam performed by the ultrasound probe portion
20, as shown in FIGS. 3 and 4.

[0043] In other words, the ultrasound observation appara-
tus 1 according to the present embodiment is configured to be
able to capture the treatment instrument 50 protruded from
the treatment instrument insertion port 17 in a B-mode image
by moving the scanning plane.

[0044] In addition, the present embodiment employs, as
one example, a configuration in which, when the scanning
plane is moved to the center of the range of scanning in the
second direction [.2, the scanning plane and the central axis of
the treatment instrument insertion port 17 are positioned on
substantially the same plane.

[0045] The image pickup apparatus 15 includes an image-
forming optical system member and an image pickup device,
and picks up anoptical image. The image pickup apparatus 15
is disposed so as to capture the distal end direction along the
insertion axis A within the field of view thereof. The illumi-
nation device 16 emits the light generated by the light source
deviceinto the field of view of the image pickup apparatus 15.
The fluid feeding portion 17 is an opening portion provided at
the distal end portion 11, and fluid is fed from the fluid feeding
portion 17 by operating the air-feeding/water-feeding button
32 provided at the operation portion 30.

[0046] Next, description will be made on the detailed con-
figuration of the ultrasound observation control unit 3. The
ultrasound observation control unit 3 includes a calculation
device, a storage device, an input/output device, a power
control device and the like, and is a control apparatus which
controls operation of the ultrasound probe portion 20 and
generates and outputs a B-mode image based on a predeter-
mined program.

[0047] The ultrasound observation control unit 3 includes,
as shown in FIG. 5, a transmission/reception control section
21, a B-mode image calculation section 22, a storage section
23, a correlation calculation section 24, and an ultrasound
observation switch 25, as components required for achieving
the operation to be described later of the ultrasound observa-
tion apparatus 1. Note that the transmission/reception control
section 21, the B-mode image calculation section 22, and the
correlation calculation section 24 may be mounted to the
ultrasound observation control unit 3 either in a hardware
manner or in a software manner.

[0048] The transmission/reception control section 21 con-
trols the transmission/reception direction of the ultrasound
beam transmitted and received by the ultrasound probe por-
tion 20. That is, the transmission/reception control section 21
controls the position of the scanning plane with respect to the
second direction [.2 and the scanning of the ultrasound beam
for acquiring the B-mode image on the scanning plane.
[0049] The B-mode image calculation section 22 generates
the B-mode image on the scanning plane based on the result
of scanning of the ultrasound beam performed by the ultra-
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sound probe portion 20. When the treatment instrument 50
exists on the scanning plane, for example, an echo pattern 50a
of the treatment instrument 50 appears in a B-mode image 60,
as shown in FIG. 6.

[0050] The storage section 23 stores a predetermined
sample image determined according to the shape of treatment
instrument 50. Specifically, the sample image is an image
showing a shape and a size of an ideal echo pattern of the
treatment instrument 50 in the B-mode image in the case
where the scanning plane and the central axis of the treatment
instrument 50 agree with each other.

[0051] When the treatment instrument 50 is a puncture
needle as in the present embodiment, a sample image 61 is an
image showing a shape and a size of an echo pattern 506 of the
distal end portion of the puncture needle in the case where the
central axis of the puncture needle agrees with the scanning
plane, as shown in F1G. 7.

[0052] The present embodiment describes, as an example,
that the sample image 61 is created in advance according to
the type and the shape of the treatment instrument 50. Note
that the samiple image 61 may be stored in the storage section
23 as a result of designation of the echo pattern 50a of the
treatment instrument 50 in the actual B-mode image 60 by a
user of the ultrasound observation apparatus 1, that is, may be
stored as the echo pattern 50a of the treatment instrument 50
to be actually used, by what is called a teaching operation.
[0053] Inaddition, the shape ofthe treatment instrument 50
is hard to appear in the B-mode image 60 in some cases
depending on a shape of the treatment instrument 50 or a
material configuring the treatment instrument 50. However,
in such a case, the ultrasound scattering portion is provided in
a part of the treatment instrument 50. When the ultrasound
scattering portion is provided in the treatment instrument 50,
the sample image 61 is an image showing a shape of an ideal
echo pattern of the ultrasound scattering portion in the
B-mode image 60.

[0054] The correlation calculation section 24 calculates a
correlation value R between the B-mode image 60 and the
sample image 61. Specifically, the correlation calculation
section 24 performs on the B-mode image 60 an image pro-
cessing referred to as a pattern matching by using the sample
image 61 as a template, and calculates a similarity between
the echo pattern in the B-mode image 60 and the sample
image 61. The higher the similarity between the echo pattern
in the B-mode image 60 and the sample image 61, the higher
the correlation value R. Since the pattern matching is a well-
known technology, detailed description thereof will be omit-
ted.

[0055] The ultrasound observation switch 25 is an input
device through which a user inputs instructions for starting
and terminating the observation using a B-mode image. In the
present embodiment, the ultrasound observation switch 25 is
provided to the ultrasound observation control unit 3, as an
example. However, the ultrasound observation switch 25 may
be provided to the operation portion 30 of the ultrasound
endoscope 2, or may be configured as a switch like a foot
switch provided separately from the ultrasound observation
control unit 3 and the ultrasound endoscope 2.

[0056] Next, the operation of the ultrasound observation
apparatus 1 will be described with reference to the flowcharts
in FIGS. 8 and 9. Note that description will be made below on
the B-mode image generation operation performed by the
ultrasound probe portion 20 and the ultrasound observation
control unit 3, and description on the optical image observa-
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tion operation performed by the image pickup apparatus 15
provided in the ultrasound endoscope 1 will be omitted.
[0057] First, in step S01, a stand-by state continues until an
instruction for starting the observation using a B-mode image
1s inputted by operating the ultrasound observation switch 25.
When the instruction for starting the observation using a
B-mode image is inputted, the process moves to step S02, and
the scanning plane position optimization process shown in
the flowchart in FIG. 9 is performed.

[0058] Inthe scanning plane position optimization process,
first in step S10, the transmission/reception control section 21
moves the scanning plane to one end of the range of scanning
in the second direction L.2. Then, in step S11, the transmis-
sion/reception control section 21 controls the ultrasound
probe portion 20 to cause the ultrasound beam to scan in the
first direction L1 on the scanning plane whose position with
respect to the second direction L2 is determined.

[0059] Next, in step S12, the B-mode image calculation
section 22 generates a B-mode image based on the result of
scanning in the step S11. Then, in step S13, the correlation
calculation section 24 calculates a correlation value between
the B-mode image acquired in the step S12 and the sample
image stored in the storage section 23.

[0060] Next, in step S14, it is determined whether or not
scanning has been performed at all positions determined in
advance, regarding the position of the scanning plane with
respect to the second direction [.2. When scanning has not
been performed at all the positions, regarding the second
direction 1.2, the process moves to step S15. In the step S15,
after the scanning plane is moved to the next position on the
other end side in the second direction 1.2, the processes in the
step S11 to step S13 are repeated.

[0061] Then, in the step S14, when it is determined that
scanning has been performed at all the positions determined
in advance regarding the position of the scanning plane with
respect to the second direction [.2, the process moves to step
S16.

[0062] That is, the steps S10 to S15 are the processes of
acquiring a plurality of B-mode images with the scanning
plane positioned at a plurality of locations in the second
direction 1.2, and calculating correlation values between the
plurality of B-mode images and the sample image.

[0063] In the step S16, it is determined whether or not the
maximum value of the correlation values between the plural-
ity of B-mode images acquired in the above process and the
sample image is equal to or larger than a predetermined
threshold. When the maximum value of the correlation values
is equal to or larger than the predetermined threshold, the
process moves to step S17.

[0064] Instep S17, the transmission/reception control sec-
tion 21 moves the position of the scanning plane with respect
to the second direction L2 to a position where the maximum
correlation value is acquired among the correlation values of
the plurality of B-mode images. That is, the step S17 is a
process of moving the scanning plane such that the correla-
tion value between the B-mode image and the sample image
becomes the maximum.

[0065] On the other hand, when the maximum value of the
correlation values is smaller than the predetermined thresh-
old, the process moves to step S18. In the step S18, the
transmission/reception control section 21 moves the position
of the scanning plane with respect to the second direction [.2
to the center of the range of scanning. The state where the
maxinmum value of the correlation values is not equal to or
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larger than the predetermined threshold is supposed to be the
state where the treatment instrument 50 is not protruded from
the treatment instrument insertion port 17. Therefore, in the
step S18, the scanning plane is moved to a position where the
scanning plane and the central axis of the treatment instru-
ment insertion port 17 substantially agree with each other.
[0066] Then, the scanning plane position optimization pro-
cess 1s terminated, and the process returns to the step S03 in
FIG. 8. In the step S03, the counter value t is reset to be zero
(t=0). Then, in the step S04, an ultrasound beam is scanned in
thefirst direction L1 on the scanning plane whose position has
been determined in the scanning plane position optimization
process in the step S02.

[0067] Next, inthe step S05, the B-mode image calculation
section 22 generates a B-mode image based on the result of
the scanning in the step S04. Then, in the step S06, the
generated B-mode image is outputted to the image display
apparatus 4. According to the process, the B-mode image is
displayed on the image display apparatus 4.

[0068] Next, in the step S07, it is determined whether or not
an instruction for terminating the observation using the
B-mode image has been inputted by operating the ultrasound
observation switch 25. When the instruction for terminating
the observation using the B-mode image has been inputted,
the operation is stopped.

[0069] On the other hand, when the instruction for termi-
nating the observation using B-mode image is not inputted,
the process moves to the step S08, and one is added to the
counter valuet (t=t+1). Then, in the step S09, it is determined
whether or not the counter value t is smaller than a predeter-
mined threshold Th.

[0070] When the counter value t is smaller than the prede-
termined threshold Th, the process returns to step S04, and the
scanning of ultrasound beam and the generation of B-mode
image are repeated. When the counter value t reaches the
predetermined Th, the process returns to the step S02, and the
scanning plane position optimization process is performed.
[0071] That is, in the present embodiment, after the scan-
ning of the ultrasound beam and the generation of the B-mode
image are repeated by a predetermined number of times Th on
the scanning plane located at a certain position with respect to
the second direction .2, the scanning plane position optimi-
zation process is performed.

[0072] Inthe scanning plane position optimization process,
the position of the scanning plane is determined such that the
correlation value between the B-mode image and the sample
image becomes the maximum, that is, the shape of the treat-
ment instrument 50 appears most clearly on the B-mode
image.

[0073] For example, as shown in FIG. 10, in a case where
the protruding direction of the treatment instrument 50 pro-
truded from the treatment instrument insertion port 17 is
inclined with respect to the central axis of the treatment
instrument insertion port 17, if the scanning plane is remained
fixed at a position (position shown by the two-dot-chain line
L211inFIG. 10) where the scanning plane substantially agrees
with the central axis of the treatment instrument insertion port
17 as in a conventional configuration, observation of the
treatment instrument 50 on the B-mode image 60 becomes
difficult as shown in FIG. 11.

[0074] According to the ultrasound observation apparatus 1
in the present embodiment, even in the case where the pro-
truding direction of the treatment instrument 50 is thus
inclined, the scanning plane position optimization process is
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performed, and thereby the scanning plane is automatically
moved to the position (position shown by the two-dot-chain
line L.22 in FIG. 10) where the echo pattern of the treatment
instrument 50 shows the shape of treatment instrument 50
most clearly.

[0075] In addition, the scanning plane position optimiza-
tion process is periodically performed in a period during
which the observation using the B-mode image is continued.
Therefore, even if the treatment instrument 50 is deviated
from the scanning plane in the middle of the treatment per-
formed on a subject, the scanning plane automatically moves,
which allows the treatment instrument 50 to be captured again
in the B-mode image 60 without the need for the user to
intentionally perform any operation.

[0076] That is, according to the ultrasound observation
apparatus 1 of the present embodiment, it is possible to con-
tinue excellent observation of the treatment instrument 50 on
the B-mode image 60 without performing any cumbersome
operation.

Second Embodiment

[0077] The second embodiment of the present invention
will be described below with reference to FIGS. 12 and 13.
The ultrasound observation apparatus according to the
present embodiment is different from the first embodiment in
the method of scanning of ultrasound beam performed by the
ultrasound probe portion 20. Only the points different from
the first embodiment will be described below, and the same
components as those in the first embodiment are attached
with the same reference numerals and description thereof will
be omitted accordingly.

[0078] As shown in FIG. 12, the ultrasound probe portion
20a of the present embodiment has a configuration of what is
called a convex scanning type, in which a plurality of ultra-
sound transducers are aligned in a row in a substantially
circular arc shape. A plurality of ultrasound transducers con-
stituting the ultrasound probe portion 20a are aligned such
that scanning of an ultrasound beam can be performed in
substantially sector shape on the plane parallel to the insertion
axis A of the insertion portion 10. That is, the ultrasound
probe portion 20 is configured to enable electronic scanning
of an ultrasound beam in the first direction L1.

[0079] Inaddition, the ultrasound probe portion 20q is dis-
posed so as to be oscillatable around the axis parallel to the
insertion axis A of the insertion portion 10. That is, the ultra-
sound probe portion 20q is configured to enable mechanical
scanning of an ultrasound beam in the second direction L.2 by
oscillating in the second direction L.2.

[0080] Theultrasound probe portion 20a is connected to an
electric motor 26 provided in the operation portion 30 via a
flexible shaft 27 inserted through the insertion portion 10. The
ultrasound probe portion 20a oscillates around the axis par-
allel to the insertion axis A by the drive force generated by the
electric motor 26. As shown in FIG. 13, the electric motor 26
is electrically connected to the transmission/reception control
section 21, and the operation of the electric motor 26 is
controlled by the transmission/reception control section 21.

[0081] As described above, the ultrasound probe portion
20a according to the present entbodiment can perform two-
dimensional scanning of the ultrasound beam by combining
the electronic scanning and the mechanical scanning. In addi-
tion, the direction of the scanning of the ultrasound beam
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performed by the ultrasound probe portion 20« is controlled
by the transmission/reception control section similarly as in
the first embodiment.

[0082] Itis needless to say that the same effects as those in
the first embodiment can be obtained also by the present
embodiment described above.

[0083] According to the above-described embodiment, itis
possible to provide an ultrasound observation apparatus for
observing a situation of a treatment using a treatment instru-
ment in a subject, which is capable of continuing excellent
observation of the treatment instrument.

[0084] The present invention is not limited to the above-
described embodiments, and can be modified as needed with-
out departing from the gist of invention or the spirit of inven-
tion which can be read from claims and the whole
specification. An ultrasound observation apparatus modified
as such is also included in the technical range of the present
invention.

[0085] As described above, the present invention is suitable
for an ultrasound observation apparatus which observes a
situation of a treatment using a treatment instrument in a
subject.

What is claimed is:

1. An ultrasound observation apparatus for generating a
B-mode image of inside a subject by scanning an ultrasound
beam on a scanning plane in the subject, the ultrasound obser-
vation apparatus comprising:

an ultrasound probe portion capable of two-dimensional
scanning of an ultrasound beam by changing a transmis-
sion/reception direction of the ultrasound beam in a first
direction and in a second direction;

a transmission/reception control section for controlling the
transmission/reception direction of the ultrasound beam
by the ultrasound probe portion;

a B-mode image calculation section for generating the
B-mode image based on a result of scanning of the
ultrasound beam in the first direction;

a storage section for storing a sample image determined
according to a shape of a treatment instrument in a case
where a central axis of the treatment instrument for
performing a treatment on the subject and the scanning
plane agree with each other; and

a correlation calculation section for calculating a correla-
tion value between the B-mode image and the sample
image,

wherein the transmission/reception control section moves
the scanning plane in the second direction such that the
correlation value becomes the maximum.

2. The ultrasound observation apparatus according to claim

1, wherein

the ultrasound probe portion is provided to an ultrasound
endoscope which can be introduced into a subject, and

the ultrasound endoscope includes a treatment instrument
insertion port for allowing the treatment instrument to
protrude into a range of the scanning of the ultrasound
beam by the ultrasound probe portion.

3. The ultrasound observation apparatus according to claim

2, wherein

the ultrasound probe portion is arranged such that the scan-
ning plane is parallel to a central axis of the treatment
instrument insertion port and the second direction is
along a plane which is perpendicular to the scanning
plane,
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the transmission/reception control section moves the scan-
ning plane to a plurality of locations in the second direc-
tion with the treatment instrument protruded from the
insertion port,
the B-mode image calculation section generates a plurality
of B-mode images acquired in a state where the scanning
plane is positioned at the plurality of locations in the
second direction,
the correlation calculation section calculates correlation
values between the plurality of B-mode images and the
sample image, and
the transmission/reception control section moves the scan-
ning plane to a position where the maximum correlation
value is acquired among the correlation values of the
plurality of B-mode images.
4. The ultrasound observation apparatus according to claim
3, wherein,
when the maximum value of the correlation values is
smaller than a predetermined threshold, the transmis-
sion/reception section moves the scanning plane to a
predetermined position in the second direction.
5. The ultrasound observation apparatus according to claim
1, wherein
the transmission/reception control section periodically
moves the scanning plane such that the correlation value
becomes the maximuni.
6. The ultrasound observation apparatus according to claim
5, wherein,
the transmission/reception control section periodically
moves the scanning plane after a predetermined number
of times of generation of the B-mode image by the
B-mode image calculation section and calculation of the
correlation value by the correlation calculation section.
7. The ultrasound observation apparatus according to claim
1, wherein
the sample image is an image showing a shape and a size of
the treatment instrument in the B-mode image in a case
where the scanning plane and the central axis of the
treatment instrument agree with each other.
8. The ultrasound observation apparatus according to claim
7, wherein
the sample image is an image stored in the storage section
by designating an echo pattern of the treatment instru-
ment in the B-mode image generated by the B-mode
image calculation section.
9. The ultrasound observation apparatus according to claim
1, wherein
the ultrasound probe portion includes a plurality of ultra-
sound transducers which are aligned in matrix and can
be driven individually, and the ultrasound probe portion
is configured to electronically perform the two-dimen-
sional scanning of the ultrasound beam by controlling a
driving timing of each of the ultrasound transducers.
10. The ultrasound observation apparatus according to
claim 1, wherein
the ultrasound probe portion includes a plurality of ultra-
sound transducers arranged in a row in a circular arc
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shape, and the ultrasound probe portion is configured to
perform the two-dimensional scanning of the ultrasound
beam by performing electronic scanning of the ultra-
sound beam in the first direction by controlling a driving
timing of each of the ultrasound transducers, and by
performing mechanical scanning of the ultrasound beam
in the second direction.

11. The ultrasound observation apparatus according to
claim 1, wherein

the sample image shows a shape of a puncture needle, a

biopsy forceps, or a cytological brush in the B-mode
image.

12. A control method of an ultrasound observation appa-
ratus which generates a B-mode image of inside a subject by
scanning an ultrasound beam on a scanning plane in the
subject, the control method comprising:

performing two-dimensional scanning of an ultrasound

beam by changing a transmission/reception direction of
the ultrasound beam in a first direction and in a second
direction using an ultrasound probe portion;
controlling the transmission/reception direction of the
ultrasound beam by the ultrasound probe portion using a
transmission/reception control section;
generating the B-mode image based on a result of scanning
of the ultrasound beam in the first direction using a
B-mode image calculation section;

storing in a storage section a sample image determined
according to a shape of a treatment instrument in a case
where a central axis of the treatment instrument for
performing a treatment on the subject and the scanning
plane agree with each other;

calculating a correlation value between the B-mode image

and the sample image using a correlation calculation
section; and

moving the scanning plane in the second direction such that

the correlation value becomes the maximum using the
transmission/reception control section.

13. The control method of the ultrasound observation appa-
ratus according to claim 12, wherein,

when the maximum value of the correlation value is

smaller than a predetermined threshold, the scanning
plane is moved to a predetermined position in the second
direction using the transmission/reception control sec-
tion.

14. The control method of the ultrasound observation appa-
ratus according to claim 12, wherein the scanning plane is
periodically moved such that the correlation value becomes
the maximum using the transmission/reception control sec-
tion.

15. The control method of the ultrasound observation appa-
ratus according to claim 14, wherein the scanning plane is
periodically moved using the transmission/reception control
section after the B-mode image is generated a predetermined
number of times using the B-mode image calculation section
and the correlation value is calculated using the correlation
calculation section.
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