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Description
Field

[0001] The present invention relates to an ultrasound
observation apparatus, an ultrasound observation sys-
tem, an operation method of an ultrasound observation
apparatus, and an operation program of an ultrasound
observation apparatus, for observing an observation tar-
get using ultrasound waves.

Background

[0002] Ultrasound waves are sometimes used to ob-
serve characteristics of living tissue or materials to be
observed. Specifically, by transmitting ultrasound waves
to an observation target, and performing predetermined
signal processing on ultrasound echoes reflected by the
observation target, information on characteristics of the
observation target is obtained.

[0003] An ultrasound endoscope provided with an ul-
trasound transducer at the distal end of its insertion por-
tion is used for diagnosing living tissue or the like in a
body to which ultrasound waves are applied. After insert-
ing the insertion portion into a body, an operator such as
a doctor operates an operation unit at hand, thereby
causing the ultrasound transducer to acquire ultrasound
echoes. Based on information in accordance with the ul-
trasound echoes (an ultrasound image), the operator
makes a diagnosis. When it is desired to diagnose in
more detail or when it is desired to improve the accuracy
of result comprehensively based on diagnosis from an-
other viewpoint, an ultrasound image is displayed in var-
ious operation modes such as a flow-mode, an elasto-
mode, and a contrast medium-mode in an ultrasound ob-
servation system. Specifically, a region of interest is set
on a basic B-mode image, and an operation mode image
in which additional information obtained by performing
processing such as an operation suitable for a set oper-
ation mode on the region of interest is presented in two
dimensions is generated and superimposed on the B-
mode image, and displayed on a monitor.

[0004] Conventionally, configurations have been pro-
posed in which aregion of interestin an ultrasound image
is set using a pointing device such as a dial ring, a track
ball, or a mouse (see, for example, Patent Literature 1).
In Patent Literature 1, combinations of a plurality of re-
gions different in size and position are set as candidate
regions for a region of interest. An operator operates a
pointing device to display candidate regions for a region
of interest, then operates the pointing device again to
select a candidate region suitable for an operation mode,
and thereby sets a region of interest.
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Citation List
Patent Literature

[0005] Patent Literature 1: JP 2009-112436 A

Summary
Technical Problem

[0006] However,withthe technique disclosed in Patent
Literature 1, the operator needs to operate the pointing
device a plurality of times to set the region of interest
suitable for the operation mode, which is troublesome.
[0007] The present invention has been made in view
of the above, and an object of the present invention is to
provide an ultrasound observation apparatus, an ultra-
sound observation system, an operation method of an
ultrasound observation apparatus, and an operation pro-
gram of an ultrasound observation apparatus that allow
a region of interest suitable for each operation mode to
be set with a simple operation.

Solution to Problem

[0008] To solve the above-described problem and
achieve the object, an ultrasound observation apparatus
according to the present invention transmits ultrasound
waves to a subject thatis an observation target, and gen-
erates ultrasound images displayed on a display unit,
based on an ultrasound signal acquired by an ultrasound
endoscope receiving the ultrasound waves reflected by
the subject, and includes: a B-mode image generation
unit configured to generate a B-mode image in which
amplitude of the reflected ultrasound waves is converted
into luminance by processing the ultrasound signal and
presented in two dimensions; a mode selection informa-
tion input unit configured to receive input of mode selec-
tion information selecting either a first operation mode
for detecting a selected one of a plurality of pieces of
characteristic biological information or a second opera-
tion mode for detecting biological information different
from characteristic biological information obtained in the
first operation mode; a boundary image composition unit
configured to generate a boundary composite image ob-
tained by processing the ultrasound image such that a
plurality of divided regions divided by mesh-like bound-
aries is displayed on the ultrasound image displayed on
the display unit; a region selection information input unit
configured to receive input of region selection information
selecting a desired region from the plurality of divided
regions; a region-of-interest setting unit configured to set
aregion ofinterest of the ultrasound image thatis a region
to be subjected to processing suitable for the operation
mode selected in the mode selection information, by cal-
culation using a region-of-interest setting method previ-
ously associated with the operation mode, based on the
desired region selected in the region selection informa-
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tion; and a mode image composition unit configured to
generate a mode composite image in which an operation
mode image presented in two dimensions additional in-
formation obtained by performing processing suitable for
the operation mode selected by the mode selection in-
formation on the region of interest is superimposed on
the B-mode image generated by the B-mode image gen-
eration unit.

[0009] The ultrasound observation apparatus accord-
ing to the present invention further includes a region-of-
interest setting method selection unit configured to select
a region-of-interest setting method associated with the
operation mode selected in the mode selection informa-
tion from among a plurality of different region-of-interest
setting methods previously associated with the different
operation modes, and the region-of-interest setting unit
sets the region of interest using the region-of-interest set-
ting method selected by the region-of-interest setting
method selection unit, based on the desired region se-
lected in the region selection information.

[0010] The ultrasound observation apparatus accord-
ing to the present invention further includes an endo-
scope information acquisition unit configured to acquire
identification information on the ultrasound endoscope,
and the region-of-interest setting unit sets the region of
interest by calculation using a region-of-interest setting
method previously associated with the operation mode
selected in the mode selection information and the iden-
tification information on the ultrasound endoscope ac-
quired by the endoscope information acquisition unit,
based on the desired region selected in the region se-
lection information.

[0011] The ultrasound observation apparatus accord-
ing to the present invention further includes a region-of-
interest setting method selection unit configured to select
a region-of-interest setting method associated with the
operation mode selected in the mode selection informa-
tion and the identification information on the ultrasound
endoscope acquired by the endoscope information ac-
quisition unit, from among a plurality of different region-
of-interest setting methods previously associated with
different combinations of the operation modes and pieces
of identification information on the ultrasound endo-
scope, and the region-of-interest setting unit sets the re-
gion of interest using the region-of-interest setting meth-
od selected by the region-of-interest setting method se-
lection unit, based on the desired region selected in the
region selection information.

[0012] In the ultrasound observation apparatus ac-
cording to the present invention, the region selection in-
formation input unit receives the region selection infor-
mation input by voice.

[0013] The ultrasound observation apparatus accord-
ing to the present invention further includes a boundary
image generation unit configured to generate a boundary
image showing, together with the boundaries, region
identification information for identifying the regions of the
ultrasound image in positions corresponding to the re-

10

15

20

25

30

35

40

45

50

55

gions, and the boundary image composition unit gener-
ates the boundary composite image into which the B-
mode image generated by the B-mode image generation
unit and the boundary image generated by the boundary
image generation unit are composited such that the
boundary image is superimposed on the B-mode image.
[0014] The ultrasound observation apparatus accord-
ing to the present invention further includes a display
control unit configured to cause a display device to which
the ultrasound observation apparatus is connected to dis-
play a composite image generated by the boundary im-
age composition unit or the mode image composition
unit.

[0015] The ultrasound observation apparatus accord-
ing to the present invention further includes a storage
unit configured to store a plurality of different region-of-
interest setting methods previously associated with the
different operation modes.

[0016] In the ultrasound observation apparatus ac-
cording to the present invention, the first operation mode
and the second operation mode include a flow-mode, an
elasto-mode, and a contrast medium-mode.

[0017] In the ultrasound observation apparatus ac-
cording to the present invention, when the flow-mode is
selected in the mode selection information, and a first
region and a second region are selected in the region
selection information, the region-of-interest setting unit
sets, as the region of interest, the first region and the
second region, and a region through which, among
acoustic rays passing through the first region and the
second region, acoustic rays of depths between the shal-
lowest depth and the deepest depth pass.

[0018] In the ultrasound observation apparatus ac-
cording to the present invention, when the elasto-mode
is selected in the mode selection information, and a first
region and a second region are selected in the region
selection information, the region-of-interest setting unit
sets, as the region of interest, a region with vertices there-
of at midpoints of diagonal lines of the first region and
the second region, and of regions through which, among
acoustic rays passing through the first region and the
second region, acoustic rays of depths between the shal-
lowest depth and the deepest depth pass, in the regions.
[0019] In the ultrasound observation apparatus ac-
cording to the present invention, when the contrast me-
dium-mode is selected in the mode selection information,
the region-of-interest setting unit sets, as the region of
interest, the region selected in the region selection infor-
mation and a region in a predetermined range around
the region.

[0020] In the ultrasound observation apparatus ac-
cording to the present invention, when identification in-
formation indicating that the ultrasound endoscope is of
a convex type capable of protruding a puncture needle
from a distal end opening is acquired by the endoscope
information acquisition unit, the region-of-interest setting
unit sets the region of interest such that atleast the region
selected in the region selection information and a region
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containing a path along which a tip of the puncture needle
passes are contained.

[0021] The ultrasound observation apparatus accord-
ing to the present invention further includes a boundary
pattern setting unit configured to set a boundary pattern
associated with the operation mode selected in the mode
selection information from among a plurality of different
boundary patterns previously associated with the differ-
ent operation modes, as boundaries of the boundary
composite image, and the boundary image composition
unit generates the boundary composite image showing
the boundaries in the boundary pattern set by the bound-
ary pattern setting unit.

[0022] The ultrasound observation apparatus accord-
ing to the present invention further includes a storage
unit configured to store the plurality of different boundary
patterns previously associated with the different opera-
tion modes.

[0023] In the ultrasound observation apparatus ac-
cording to the present invention, the first operation mode
and the second operation mode include a contrast me-
dium-mode, and when the contrast medium-mode is se-
lected in the mode selection information, the boundary
pattern setting unit sets a boundary pattern showing
boundaries dividing regions larger than regions divided
by a predetermined reference boundary pattern.

[0024] The ultrasound observation apparatus accord-
ing to the present invention further includes a boundary
pattern setting unit configured to set, as boundaries of
the boundary composite image, a boundary pattern as-
sociated with the operation mode selected in the mode
selection information and the identification information
on the ultrasound endoscope acquired by the endoscope
information acquisition unit, from among a plurality of dif-
ferent boundary patterns previously associated with dif-
ferent combinations of the operation modes and pieces
of identification information on the ultrasound endo-
scope, and the boundary image composition unit gener-
ates the boundary composite image showing the bound-
aries in the boundary pattern set by the boundary pattern
setting unit.

[0025] In the ultrasound observation apparatus ac-
cording to the present invention, when identification in-
formation indicating that the ultrasound endoscope is of
a convex type capable of protruding a puncture needle
from a distal end opening is acquired by the endoscope
information acquisition unit, the boundary pattern setting
unit sets a boundary pattern in which an interior of bound-
aries enclosing a region that can be presumed to be
reached by a tip of the puncture needle among regions
divided by a predetermined reference boundary pattern
is further divided into a plurality of regions.

[0026] In the ultrasound observation apparatus ac-
cording to the present invention, when identification in-
formation indicating that the ultrasound endoscope is of
a convex type capable of protruding a puncture needle
from a distal end opening is acquired by the endoscope
information acquisition unit, the boundary pattern setting
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unit sets a boundary pattern in which boundaries enclos-
ing a region that can be presumed to be reached by a tip
of the puncture needle among regions divided by a pre-
determined reference boundary pattern are enlarged at
a predetermined magnification, and an interior of the en-
larged boundaries is further divided into a plurality of re-
gions.

[0027] An ultrasound observation system according to
the present invention includes an ultrasound endoscope
configured to transmit ultrasound waves to a subject that
is an observation target, and receive the ultrasound
waves reflected by the subject, an ultrasound observa-
tion apparatus configured to generate an ultrasound im-
age for display based on an ultrasound signal acquired
by the ultrasound endoscope, and a display device con-
figured to display the ultrasound image generated by the
ultrasound observation apparatus, wherein the ultra-
sound observation apparatus includes: a B-mode image
generation unit configured to generate a B-mode image
in which amplitude of the reflected ultrasound waves is
converted into luminance by processing the ultrasound
signal and presented in two dimensions; a mode selec-
tion information input unit configured to receive input of
mode selection information selecting either a first oper-
ation mode for detecting a selected one of a plurality of
pieces of characteristic biological information or a second
operation mode for detecting biological information dif-
ferent from characteristic biological information obtained
in the first operation mode; a boundary image composi-
tion unit configured to generate a boundary composite
image obtained by processing the ultrasound image such
that a plurality of divided regions divided by mesh-like
boundaries is displayed on the ultrasound image dis-
played on the display unit; a region selection information
input unit configured to receive input of region selection
information selecting a desired region from the plurality
of divided regions; a region-of-interest setting unit con-
figured to set a region of interest of the ultrasound image
thatis a region to be subjected to processing suitable for
the operation mode selected in the mode selection infor-
mation, by calculation using a region-of-interest setting
method previously associated with the operation mode,
based on the desired region selected in the region se-
lection information; and a mode image composition unit
configured to generate a mode composite image in which
an operation mode image presented in two dimensions
additional information obtained by performing processing
suitable for the operation mode selected by the mode
selection information on the region of interest is super-
imposed on the B-mode image generated by the B-mode
image generation unit.

[0028] An operation method of an ultrasound observa-
tion apparatus according to the present invention is an
operation method of an ultrasound observation appara-
tus that transmits ultrasound waves to a subject that is
an observation target, and generates ultrasound images
to be displayed on a display unit, based on an ultrasound
signal acquired by an ultrasound endoscope receiving
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the ultrasound waves reflected by the subject, and the
method includes: B-mode image generation processing
in which a B-mode image generation unit generates a B-
mode image in which amplitude of the reflected ultra-
sound waves is converted into luminance by processing
the ultrasound signal, and presented in two dimensions;
ultrasound image display control processing in which a
display control unit causes the display unit to display the
B-mode image; mode setting processing in which a mode
setting unit sets an operation mode selected in mode
selection information selecting either a first operation
mode for detecting a selected one of a plurality of pieces
of characteristic biological information or a second oper-
ation mode for detecting biological information different
from characteristic biological information obtained in the
first operation mode; boundary image composition
processing in which a boundary image composition unit
generates a boundary composite image obtained by
processing the ultrasound image such that a plurality of
divided regions divided by mesh-like boundaries is dis-
played on the ultrasound image displayed on the display
unit; boundary composite image display control process-
ing in which the display control unit causes the display
unit to display the boundary composite image; region se-
lection information input processing in which a region se-
lection information input unit receives input of region se-
lection information selecting a desired region from the
plurality of divided regions; region-of-interest setting
processing in which a region-of-interest setting unit sets
aregion ofinterest of the ultrasound image thatis aregion
to be subjected to processing suitable for the operation
mode selected in the mode selection information, by cal-
culation using a region-of-interest setting method previ-
ously associated with the operation mode, based on the
desired region selected in the region selection informa-
tion; and mode processing in which a mode image com-
position unit generates a mode composite image in which
an operation mode image presented in two dimensions
additional information obtained by performing processing
suitable for the operation mode selected by the mode
selection information on the region of interest is super-
imposed on the B-mode image generated by the B-mode
image generation unit, and the display control unit causes
the display unit to display the mode composite image.

[0029] An operation program of an ultrasound obser-
vation apparatus according to the presentinvention is an
operation program of an ultrasound observation appara-
tus that transmits ultrasound waves to a subject that is
an observation target, and generates ultrasound images
to be displayed on a display unit, based on an ultrasound
signal acquired by an ultrasound endoscope receiving
the ultrasound waves reflected by the subject, and the
program causes the ultrasound observation apparatus
to execute: a B-mode image generation step in which a
B-mode image generation unit generates a B-mode im-
age in which amplitude of the reflected ultrasound waves
is converted into luminance by processing the ultrasound
signal, and presented in two dimensions; an ultrasound
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image display control step in which a display control unit
causes the display unit to display the B-mode image; a
mode setting step in which a mode setting unit sets an
operation mode selected in mode selection information
selecting either a first operation mode for detecting a se-
lected one of a plurality of pieces of characteristic bio-
logical information or a second operation mode for de-
tecting biological information different from characteristic
biological information obtained in the first operation
mode; a boundary image composition step in which a
boundary image composition unit generates a boundary
composite image obtained by processing the ultrasound
image such that a plurality of divided regions divided by
mesh-like boundaries is displayed on the ultrasound im-
age displayed on the display unit; a boundary composite
image display control step in which the display control
unit causes the display unit to display the boundary com-
posite image; a region selection information input step in
which a region selection information input unit receives
input of region selection information selecting a desired
region from the plurality of divided regions; a region-of-
interest setting step in which a region-of-interest setting
unit sets a region of interest of the ultrasound image that
is a region to be subjected to processing suitable for the
operation mode selected in the mode selection informa-
tion, by calculation using a region-of-interest setting
method previously associated with the operation mode,
based on the desired region selected in the region se-
lection information; and a mode step in which a mode
image composition unit generates a mode composite im-
age in which an operation mode image presented in two
dimensions additional information obtained by perform-
ing processing suitable for the operation mode selected
by the mode selection information on the region of inter-
est is superimposed on the B-mode image generated by
the B-mode image generation unit, and the display con-
trol unit causes the display unit to display the mode com-
posite image. Advantageous Effects of Invention
[0030] The present invention achieves the effect that
aregion of interest suitable for each operation mode can
be set with a simple operation.

Brief Description of Drawings
[0031]

FIG. 1 is a block diagram illustrating a configuration
of an ultrasound observation system according to a
first embodiment of the present invention.

FIG. 2 is a diagram illustrating an example of a re-
gion-of-interest setting method table illustrated in
FIG. 1.

FIG. 3 is a flowchart illustrating a processing proce-
dure for an ultrasound observation apparatus illus-
trated in FIG. 1 to set a region of interest and gen-
erate a composite image for the setregion of interest.
FIG. 4 is a diagram illustrating an example of a B-
mode image generated by the ultrasound observa-
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tion apparatus illustrated in FIG. 1 and a boundary
composite image obtained by superimposing a
boundary image on the B-mode image.

FIG. 5 is a diagram for explaining an example of a
region-of-interest setting method.

FIG. 6 is a diagram for explaining an example of the
region-of-interest setting method.

FIG. 7 is a diagram for explaining an example of the
region-of-interest setting method.

FIG. 8 is a diagram for explaining an example of the
region-of-interest setting method.

FIG. 9 is a diagram for explaining an example of a
region-of-interest setting method.

FIG. 10 is a diagram for explaining an example of a
region-of-interest setting method.

FIG. 11 is a diagram for explaining an example of a
region-of-interest setting method.

FIG. 12 is a diagram for explaining an example of
the region-of-interest setting method.

FIG. 13is a block diagram illustrating a configuration
of an ultrasound observation system according to a
second embodiment.

FIG. 14 is a diagram illustrating an example of a
boundary pattern table illustrated in FIG. 13.

FIG. 15 is a flowchart illustrating a processing pro-
cedure for an ultrasound observation apparatus il-
lustrated in FIG. 13 to set a region of interest and
generate a composite image for the set region of
interest.

FIG. 16 is a diagram for explaining an example of a
boundary pattern.

FIG. 17 is a diagram for explaining an example of a
boundary pattern.

FIG. 18 is a diagram for explaining an example of a
boundary pattern.

FIG. 19 is a diagram for explaining an example of a
boundary pattern.

FIG. 20 is a diagram for explaining an example of a
boundary pattern.

Description of Embodiments

[0032] Hereinafter, modes for carrying out the present
invention (hereinafter referred to as "embodiments") will
be described with reference to the accompanying draw-
ings. In the following description, an ultrasound observa-
tion system for generating an ultrasound image based
on ultrasound echoes is exemplified, but the present in-
vention is not limited by these embodiments. The same
components will be described with the same reference
numerals.

(First Embodiment)

[0033] FIG. 1is a block diagram illustrating a configu-
ration of an ultrasound observation system according to
a first embodiment of the present invention. An ultra-
sound observation system 1 illustrated in FIG. 1 is a sys-
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tem for observing an observation target using ultrasound
waves. The ultrasound observation system 1 includes an
ultrasound endoscope 2 for transmitting ultrasound
waves to a subject as an observation target and receiving
the ultrasound waves reflected by the subject, an ultra-
sound observation apparatus 3 for generating an ultra-
sound image to be displayed on a display device 4, based
on an ultrasound signal acquired by the ultrasound en-
doscope 2, and the display device 4 connected to the
ultrasound observation apparatus 3 for displaying an im-
age generated by the ultrasound observation apparatus
3.

[0034] The ultrasound endoscope 2 includes an ultra-
sound transducer 21 provided at a distal end portion
thereof and an endoscope information memory 22. The
ultrasound transducer 21 converts an electrical pulse sig-
nal received from the ultrasound observation apparatus
3 into ultrasound pulses (acoustic pulses) and irradiates
the subject with the ultrasound pulses, and converts ul-
trasound echoesreflected by the subjectinto an electrical
echo signal (ultrasound signal) representing the ultra-
sound echoes in a changing voltage and outputs it. The
ultrasound transducer 21 may be a radial transducer, a
convextransducer, oralineartransducer. The ultrasound
endoscope 2 may mechanically scan the ultrasound
transducer 21, or may have, as the ultrasound transducer
21, a plurality of elements provided in an array to elec-
tronically scan the ultrasound transducer 21 by electron-
ically switching elements related to transmission or re-
ception or delaying transmission or reception of each el-
ement. The endoscope information memory 22 stores
various kinds of information including an ID for identifi-
cation that is identification information on the ultrasound
endoscope 2. Based on the identification information
stored in the endoscope information memory 22, the ul-
trasound observation apparatus 3 can determine what
generation the ultrasound endoscope 2 is in, and which
type the ultrasound endoscope 2 is of, a radial type hav-
ing a radial transducer, a convex type having a convex
transducer and capable of protruding a puncture needle
through a distal end opening, a linear type having a linear
transducer, or the like.

[0035] The ultrasound endoscope 2 usually has anim-
aging optical system and an imaging device, and can be
inserted into the digestive tract (esophagus, stomach,
duodenum, and large intestine) or the respiratory tract
(tracheae and bronchi) of the subject to image the diges-
tive tract, the respiratory tract, or the surrounding organs
(pancreas, gallbladder, bile duct, biliary tract, lymph
nodes, mediastina, blood vessels, etc.). In addition, the
ultrasound endoscope 2 has a light guide for guiding il-
lumination light to be emitted to the subject at the time
ofimaging. The light guide has a distal end portion reach-
ing the distal end of the insertion portion of the ultrasound
endoscope 2 to be inserted into the subject, and a prox-
imal end portion connected to a light source device that
generates illumination light.

[0036] The ultrasound observation apparatus 3 in-
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cludes a transmission unit 31, areception signal process-
ing unit 32, a control unit 33, an image processing unit
34, a display control unit 37, an input unit 38, and a stor-
age unit 39.

[0037] The transmission unit 31 is electrically connect-
ed to the ultrasound endoscope 2, and transmits a trans-
mission signal (pulse signal) composed of high-voltage
pulses to the ultrasound transducer 21, based on a pre-
determined waveform and transmission timing. The fre-
quency band of a pulse signal transmitted by the trans-
mission unit 31 is preferably set to a wide band that sub-
stantially covers a linear response frequency band of the
electroacoustic conversion of a pulse signal into ultra-
sound pulses in the ultrasound transducer 21. The trans-
mission unit 31 transmits various control signals output
from the control unit 33 to the ultrasound endoscope 2.
[0038] The reception signal processing unit 32 is elec-
trically connected to the ultrasound endoscope 2, re-
ceives an echo signal (ultrasound signal) that is an elec-
trical reception signal from the ultrasound transducer 21,
and processes the received echo signal to generate data
of a digital radio-frequency (RF) signal (hereinafter re-
ferred to as RF data). The reception signal processing
unit 32 performs filtering processing, amplification
processing, phase conversion processing, delay correc-
tion processing, synthesis processing, logarithmic con-
version processing, Fourier transform processing, and
the like on the RF data, and outputs the processed RF
datatotheimage processing unit34. The reception signal
processing unit 32 receives the identification information
including the ID for identification from the endoscope in-
formation memory 22 of the ultrasound endoscope 2, and
outputs it to the control unit 33. The reception signal
processing unit 32 includes a B-mode signal processing
unit 321 for processing an echo signal for generating a
B-mode image, a flow-mode signal processing unit 322
for processing an echo signal for generating a flow-mode
image, an elasto-mode signal processing unit 323 for
processing an echo signal for generating an elasto-mode
image, and a contrast medium-mode signal processing
unit 324 for processing an echo signal for generating a
contrast medium-mode image.

[0039] The control unit 33 controls the entire ultra-
sound observation system 1. The control unit 33 is im-
plemented using a CPU, various arithmetic circuits, or
the like having arithmetic and control functions. The con-
trol unit 33 reads information stored by the storage unit
39 from the storage unit 39, executes various kinds of
arithmetic processing related to an operation method of
the ultrasound observation apparatus 3, and thereby cen-
trally controls the ultrasound observation apparatus 3.
The control unit 33 may be configured using a CPU or
the like shared by the image processing unit 34. The con-
trolunit 33 includes an endoscope information acquisition
unit 331, a mode setting unit 332, a region-of-interest
setting method selection unit 333, and a region-of-inter-
est setting unit 334. A region of interest is a region set
on a B-mode image that is an ultrasound image to be
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described later, and is a region to be subjected to
processing suitable for the operation mode. For a region
of interest, a predetermined region is set as default and
is optimized according to the operation mode in the re-
gion-of-interest setting unit 334 to be described later.
[0040] The endoscope information acquisition unit 331
acquires the identification information including the ID for
identification of the ultrasound endoscope 2 input from
the reception signal processing unit 32, and acquires var-
ious kinds of information such as the type and generation
of the ultrasound endoscope 2 connected to the ultra-
sound observation apparatus 3.

[0041] The mode setting unit 332 acquires mode se-
lection information received by a mode selection infor-
mation input unit 381 of the input unit 38 to be described
later, and sets an operation mode selected in the mode
selection information from among a plurality of operation
modes that can be executed by the ultrasound observa-
tion apparatus 3, as an operation mode to be actually
executed. In the first embodiment, the case where the
operation mode is at least one of the flow-mode, the elas-
to-mode, and the contrast medium-mode will be de-
scribed as an example.

[0042] The flow-mode is a mode where a Doppler shift
in a setregion of interest is analyzed to detect blood, and
two-dimensional information in which the presence or ab-
sence of blood flow and the direction of blood flow are
color-coded is superimposed. A B-mode image is a gray-
scale image in which the amplitude of reflected ultra-
sound waves is converted into luminance and presented
in two-dimensions, based on RF data. The elasto-mode
is a mode where, based on a difference (the amount of
change) between a signal obtained when the ultrasound
endoscope 2 is pressed against an observation target
and a signal obtained when the ultrasound endoscope 2
is not pressed against the observation target, information
on the hardness of the observation target in a region of
interest is acquired, and color information corresponding
to the hardness is superimposed on a B-mode image.
The contrast medium-mode is a mode where an ultra-
sound contrast medium is used in combination to image
harmonic components from the ultrasound contrast me-
dium. In this mode, when the ultrasound contrast medium
is injected into blood, blood flow information in a region
of interest set broadly is acquired, and color information
corresponding to the blood flow information is superim-
posed on a B-mode image.

[0043] The region-of-interest setting method selection
unit 333 selects, from among a plurality of different re-
gion-of-interest setting methods previously associated
with different operation modes, a region-of-interest set-
ting method associated with an operation mode selected
in mode selection information, thatis, an operation mode
set as an operation mode to be actually executed. The
region-of-interest setting method selection unit 333 se-
lects a region-of-interest setting method in consideration
of the identification information on the ultrasound endo-
scope 2 in addition to the operation mode. The region-
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of-interest setting method selection unit 333 selects, from
among a plurality of different region-of-interest setting
methods previously associated with different combina-
tions of operation modes and pieces of identification in-
formation on the ultrasound endoscope 2, a region-of-
interest setting method associated with an operation
mode selected in mode selection information and the
identification information on the ultrasound endoscope 2
acquired by the endoscope information acquisition unit
331. The plurality of different region-of-interest setting
methods is stored in a region-of-interest setting method
table 391 of the storage unit 39 to be described later, in
association with the different operation modes.

[0044] The region-of-interest setting unit 334 sets are-
gion of interest suitable for an operation mode set as an
operation mode to be actually executed by calculation
using a region-of-interest setting method selected by the
region-of interest setting method selection unit 333,
based on a desired region selected in region selection
information received by a region selection information
input unit 382 of the input unit 38 to be described later.
[0045] The image processing unit 34 generates vari-
ous images for digital display based on RF data received
from the reception signal processing unit 32. The image
processing unit 34 is implemented using a CPU, various
arithmetic circuits, or the like. The image processing unit
34 includes an image generation unit 35 and an image
composition unit 36.

[0046] Theimage generation unit35 generates various
images by performing coordinate conversion processing,
interpolation processing, image filtering processing, cor-
relation processing, and the like. The image generation
unit 35 includes a B-mode image generation unit 351, a
flow-mode image generation unit 352, an elasto-mode
image generation unit 353, a contrast medium-mode im-
age generation unit 354, and a boundary image gener-
ation unit 355.

[0047] The B-mode image generation unit 351 gener-
ates a B-mode image that is an ultrasound image (ob-
servation image) displayed by converting the amplitude
of RF datainto luminance. AB-modeimage is agrayscale
image in which the values of R (red), G (green), and B
(blue) that are variables when the RGB color system is
adopted as a color space are equated. The B-mode im-
age generation unit 351 outputs, to the image composi-
tion unit 36, a B-mode image generated by sequentially
performing image processing on digital RF data output
from the reception signal processing unit 32.

[0048] The flow-mode image generation unit 352, the
elasto-mode image generation unit 353, and the contrast
medium-mode image generation unit 354 generate an
operation mode image in which additional information
obtained by performing processing such as an operation
suitable for the operation mode on a region of interest
set by the region-of-interest setting unit 334 is presented
in two dimensions.

[0049] The flow-mode image generation unit 352 gen-
erates an operation mode image suitable for the flow-
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mode. The flow-mode image generation unit 352 analyz-
es a Doppler shift in a region of interest to acquire blood
flow information on the position of a blood vessel and the
flow of blood as additional information, and generates a
flow-mode image that shows two-dimensional informa-
tion in which the presence or absence of a blood vessel
and the direction of blood flow are color-coded.

[0050] The elasto-mode image generation unit 353
generates an operation mode image suitable for the elas-
to-mode. The elasto-mode image generation unit 353 ac-
quires information on the hardness of an observation tar-
getin aregion of interest as additional information, based
on a difference (the amount of change) between a signal
obtained when the ultrasound endoscope 2 is pressed
against the observation target and a signal obtained
when the ultrasound endoscope 2 is not pressed against
the observation target, and generates an elasto-mode
image showing color information corresponding to the
hardness in two dimensions.

[0051] The contrast medium-mode image generation
unit 354 generates an operation mode image suitable for
the contrast medium-mode. The contrast medium-mode
image generation unit 354 acquires blood flow informa-
tion based on harmonic components from the ultrasound
contrast medium as additional information, and gener-
ates a contrast medium-mode image showing color in-
formation corresponding to the blood flow information in
two dimensions.

[0052] The boundary image generation unit 355 gen-
erates a boundary image showing mesh-like boundaries
that divide a B-mode image into a plurality of divided re-
gions at the time of superimposition on the B-mode im-
age. The boundary image generation unit 355 generates
a boundary image showing boundaries for dividing a B-
mode image displayed on the display device 4 into a plu-
rality of regions. A predetermined pattern is set as a de-
fault boundary pattern showing the positions or shapes
of boundaries or the number of boundary lines delimiting
regions. The operator can enter instruction information
instructing the change of the positions or shapes of
boundaries or the number of boundary lines from the in-
put unit 38, thereby changing the boundary pattern,
changing the number, sizes, shapes, etc. of divided re-
gions. The boundary image generation unit 355 gener-
ates a boundary image showing region identification in-
formation for identifying regions of a B-mode image in
positions corresponding to the regions, together with
boundaries.

[0053] The image composition unit 36 includes a
boundary image composition unit 361 for generating a
boundary composite image into which a B-mode image
generated by the B-mode image generation unit 351 and
aboundaryimage generated by the boundary image gen-
eration unit 355 are composited such that the boundary
image is superimposed on the B-mode image, and a
mode image composition unit 362 for generating a mode
composite image in which an operation mode image gen-
erated by the flow-mode image generation unit 352, the
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elasto-mode image generation unit 353, or the contrast
medium-mode image generation unit 354 is superim-
posed on a B-mode image generated by the B-mode im-
age generation unit 351. The boundary image composi-
tion unit 361 generates a boundary composite image ob-
tained by processing an ultrasound image displayed on
the display device 4 such that a plurality of divided regions
divided by mesh-like boundaries is displayed on the ul-
trasound image. The image composition unit 36 holds an
input B-mode image in a buffer not illustrated, extracts a
B-mode image to be composited from the buffer at the
time of generating a composite image, and generates a
composite image in which an operation mode image or
a boundary image is superimposed on the extracted B-
mode image. The image composition unit 36 also per-
forms processing of superimposing a character image or
a small screen image on a B-mode image.

[0054] The display control unit 37 performs predeter-
mined processing such as a reduction of data according
to a data step width that depends on an image display
range on the display device 4 and gradation processing
on aB-mode image generated by the B-mode image gen-
eration unit 351 or a composite image generated by the
image composition unit 36, and then outputs the proc-
essed image to the display device 4 as an image for dis-
play. As a result, a boundary composite image in which
boundaries and region identification information are pre-
sented on a B-mode image is displayed on the display
device 4. Or a mode composite image in which additional
information suitable for each operation mode is superim-
posed in two dimensions on a B-mode image is displayed
on the display device 4.

[0055] The input unit 38 is implemented by an input
device for receiving input of various kinds of information.
The input unit 38 includes a mode selection information
input unit 381 for receiving input of mode selection infor-
mation selecting a desired operation mode from a plu-
rality of settable operation modes, and a region selection
information input unit 382 for receiving input of region
selection information selecting a desired region from a
plurality of regions in a B-mode image divided by bound-
aries in a boundary image. The region selection informa-
tion input unit 382 receives region selection information
input by voice. The region selection information input unit
382 may be formed by a pointing device such as a track
ball, and configured to receive region selection informa-
tion input by a means other than voice. The mode selec-
tion information input unit 381 is formed by a pointing
device, or may be configured to receive mode selection
information input by voice. Mode selection information is
information selecting either a first operation mode for de-
tecting a selected one of a plurality of pieces of charac-
teristic biological information or a second operation mode
for detecting biological information different from charac-
teristic biological information obtained in the first opera-
tion mode.

[0056] The storage unit 39 stores various programs for
operating the ultrasound observation system 1, and data
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including various parameters necessary for the operation
of the ultrasound observation system 1. The storage unit
39 stores various programs including an operation pro-
gram for executing an operation method of the ultrasound
observation system 1. The storage unit 39 is implement-
ed using a ROM in which various programs and the like
are preinstalled and a RAM storing calculation parame-
ters, data, and the like for processing steps, for example.
The storage unit 39 stores the region-of-interest setting
method table 391 showing a plurality of different region-
of-interest setting methods previously associated with
different operation modes.

[0057] FIG. 2 is a diagram illustrating an example of
the region-of-interest setting method table 391. In the
region-of-interest setting method table 391, as in a table
T1 exemplified in FIG. 2, a plurality of region-of-interest
setting method numbers W1 to W33 for identifying differ-
ent region-of-interest setting methods are previously as-
sociated with different combinations of operation modes
and pieces of type information on the ultrasound endo-
scope 2. The region-of-interest setting method numbers
W1 to W33 are associated with execution programs for
the different region-of-interest setting methods corre-
sponding to the numbers. The region-of-interest setting
method selection unit 333 refers to the table T1 and se-
lects a region-of-interest setting method number associ-
ated with an operation mode selected in mode selection
information and the type of the ultrasound endoscope 2.
The region-of-interest setting unit 334 sets a region of
interest suitable for an operation mode, using an execu-
tion program for a region-of-interest setting method cor-
responding to aregion-of-interest setting method number
selected by the region-of-interest setting method selec-
tion unit 333.

[0058] Next, anoperation method of the ultrasound ob-
servation apparatus 3 illustrated in FIG. 1 will be de-
scribed. FIG. 3 is a flowchart illustrating a processing
procedure for the ultrasound observation apparatus 3 to
set a region of interest and generate a composite image
for the set region of interest.

[0059] Asillustratedin FIG. 3, in the ultrasound obser-
vation apparatus 3, the B-mode image generation unit
351 performs B-mode image generation processing to
generate a B-mode image by processing RF data gen-
erated by the reception signal processing unit 32 based
on an echo signal generated by the ultrasound transduc-
er 21 after the transmission unit 31 transmits a pulse
signal for the B-mode image to the ultrasound transducer
21 (step S1). The display control unit 37 performs B-mode
image display control processing to output the B-mode
image to the display device 4 and cause the display de-
vice4 todisplayit(step S2). FIG. 4 isadiagramillustrating
an example of a B-mode image generated by the ultra-
sound observation apparatus 3 and a boundary compos-
ite image obtained by superimposing a boundary image
on the B-mode image. A B-mode image is a grayscale
image in which the amplitude of RF data is converted
into luminance and presented in two dimensions like a
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B-mode image B1 in (1) of FIG. 4. The endoscope infor-
mation acquisition unit 331 has acquired the identification
information on the ultrasound endoscope 2 from the en-
doscope information memory 22 at the time of connection
of the ultrasound endoscope 2 to the ultrasound obser-
vation apparatus 3. The control unit 33 has already stored
information such as the type and generation of the ultra-
sound endoscope 2 connected to the ultrasound obser-
vation apparatus 3 at a stage in step S1.

[0060] The mode selection information input unit 381
performs mode selection information input processing to
receive input of mode selection information selecting a
desired operation mode from a plurality of operation
modes (step S3). The mode selection information is input
from the mode selection information input unit 381 to the
control unit 33 by the input device being operated by the
operator, or input by voice.

[0061] The mode setting unit 332 performs mode set-
ting processing to acquire mode selection information
received by the mode selection information input unit 381
and set the operation mode selected in the mode selec-
tion information from among the plurality of operation
modes which can be executed by the ultrasound obser-
vation apparatus 3 as an operation mode to be actually
executed (step S4). For a region of interest, a predeter-
mined region is set as default. By the processing opera-
tions of the units of the ultrasound observation apparatus
3, an operation mode image for the region of interest set
as default is generated and displayed on the display de-
vice 4, superimposed on a B-mode image.

[0062] The control unit 33 determines whether there is
a boundary display instruction (step S5). The control unit
33 determines whether there is a boundary display in-
struction, based on the presence or absence of input of
instruction information instructing superimposed display
of a boundary image on the B-mode image. The instruc-
tion information is input from the input unit 38 to the con-
trol unit 33 by the input device being operated by the
operator, or input by voice. For example, when the op-
erator utters "boundary", instruction information instruct-
ing superimposed display of a boundary image on the B-
mode image is input to the control unit 33. When the
control unit 33 determines that this boundary display in-
struction is not provided (step S5: No), the control unit
33 repeats the determination processing in step S5 until
instruction information is input.

[0063] When the control unit 33 determines that there
is a boundary display instruction (step S5: Yes), the
boundary image generation unit 355 performs boundary
image generation processing to generate a boundary im-
age showing boundaries that divide the B-mode image
into a plurality of regions (step S6). The boundary image
composition unit 361 performs boundary composite im-
age generation processing to generate a boundary com-
posite image in which the boundary image generated in
step S6 is superimposed on the B-mode image to be
composited (step S7). The display control unit 37 per-
forms boundary composite image display control
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processing to cause the display device 4 to display the
boundary composite image (step S8). In step S8, as ex-
emplified in (2) of FIG. 4, a boundary composite image
M1 is displayed in which aboundary image with a plurality
of boundaries positioned in a predetermined pattern set
as default is superimposed on the B-mode image B1. As
illustrated in the boundary composite image M1, in the
boundary composite image, region numbers (region
identification information) for identifying regions of the B-
mode image B1 areillustrated in positions corresponding
to the regions, together with broken lines indicating the
boundaries.

[0064] The control unit 33 determines whether region
selection information has been input (step S9). The con-
trol unit 33 determines whether region selection informa-
tion has been input, based on whether region selection
information input processing to receive input of region
selection information has been performed in the region
selection information input unit 382. Region selection in-
formation is input by voice. Alternatively, region selection
information may be input to the region selection informa-
tion input unit 382 by the operation of the input device by
the operator. When the control unit 33 determines that
there is no input of this region selection information (step
S9: No), the control unit 33 repeats the determination
processing in step S9 until region selection information
is input.

[0065] When the control unit 33 determines that region
selection information has been input (step S9: Yes), that
is, when the region selection information input unit 382
has performed the region selection information input
processing to receive input of region selection informa-
tion, the region-of-interest setting method selection unit
333 refers to the region-of-interest setting method table
391 stored in the storage unit 39 (step S10). The region-
of-interest setting method selection unit 333 performs re-
gion-of-interest setting method selection processing to
selectaregion-of-interest setting method associated with
the operation mode set in the mode setting processing
from among a plurality of region-of-interest setting meth-
ods in the region-of-interest setting method table 391 re-
ferred to (step S11). As exemplified in the table T1 in
FIG. 2, in the region-of-interest setting method table 391,
different region-of-interest setting methods are associat-
ed with different combinations of operation modes and
pieces of type information on the ultrasound endoscope
2. The region-of-interest setting method selection unit
333 selects a region-of-interest setting method associat-
ed with the operation mode set in the mode setting
processing and the type and generation of the ultrasound
endoscope 2 connected to the ultrasound observation
apparatus 3, from among the plurality of region-of-inter-
estsetting methods in the region-of-interest setting meth-
od table 391 referred to.

[0066] The region-of-interest setting unit 334 performs
region-of-interest setting processing to set again aregion
of interest suitable for the operation mode and the endo-
scope type and the like of the ultrasound endoscope 2
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on the B-mode image by calculation using the region-of-
interest setting method selected in the region-of-interest
setting method selection processing, based on the de-
sired region selected in the region selection information
(step S12) .

[0067] The ultrasound observation apparatus 3 per-
forms mode processing in which the image processing
unit 34 generates an operation mode image presented
in two dimensions additional information obtained by per-
forming processing suitable for the operation mode set
in the mode setting processing on the region of interest
setagain by the region-of-interest setting processing, the
image composition unit 36 generates a mode composite
image in which the operation mode image is superim-
posed on the B-mode image to be composited, and the
display control unit 37 causes the display device 4 to
display the mode composite image (step S13). FIG. 3 is
an example of the processing procedure of the ultra-
sound observation apparatus 3. There may be cases
where region information is input before mode selection
information is input.

[0068] Next, the region-of-interest setting method se-
lection processing and the region-of-interest setting
processing illustrated in FIG. 3 will be described. When
the endoscope type of the ultrasound endoscope 2 con-
nected to the ultrasound observation apparatus 3 is a
radial A type, and the flow-mode is selected as the op-
eration mode, the region-of-interest setting method se-
lection unit 333 selects the region-of-interest setting
method corresponding to the region-of-interest setting
method number W1 from among the plurality of region-
of-interest setting method numbers W1 to W33 presented
in the table T1in FIG. 2. When a first region and a second
region are selected in the region selection information,
the region-of-interest setting method corresponding to
the region-of-interest setting method number W1 is a
method to set, as a region of interest, the first region and
the second region, and a region through which, among
acoustic rays passing through the first region and the
second region, acoustic rays of depths between the shal-
lowest depth and the deepest depth pass. For example,
ultrasound signals on the same boundary among the
curved boundaries along the scanning direction of the
ultrasound transducer in the boundary composite image
M1 can be said to have an equal ultrasound signal re-
ception depth. FIGS. 5 to 8 are diagrams for explaining
the region-of-interest setting method corresponding to
the region-of-interest setting method number W1.
[0069] Forexample, when the operator utters "12, 13",
the region selection information input unit 382 receives
the input of a region selection signal selecting a region
12 and a region 13 of the boundary composite image M1
(see (1) of FIG. 5). As illustrated in the boundary com-
posite image M1 in (1) of FIG. 5, since the selected re-
gions 12 and 13 are adjacent to each other, the region-
of-interest setting unit 334 uses the region-of-interest set-
ting method corresponding to the region-of-interest set-
ting method number W1, thereby setting a region R1 into
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which the region 12 and the region 13 are combined as
a region of interest (see (2) of FIG. 5). As a result, the
flow-mode image generation unit 352 generates a flow-
mode image in which the presence or absence of blood
flow and the direction of blood flow in the region R1 are
color-coded. The display device 4 thus displays a mode
composite image F1 in which color information corre-
sponding to the direction of blood flow is superimposed
on the region R1 on the B-mode image B1 (see (2) of
FIG. 5).

[0070] When the operator utters "2, 34", the region se-
lection information input unit 382 receives the input of a
region selection signal selecting a region 2 and a region
34 of the boundary composite image M1 (see (1) of FIG.
6). As illustrated in a boundary composite image M1 in
(1) of FIG. 6, when the region 2 and the region 34 are
selected, the region-of-interest setting unit 334 uses the
region-of-interest setting method corresponding to the
region-of-interest setting method number W1, thereby
setting, as a region of interest, a region R2 containing
the region 2 and the region 34, and regions 3, 4, 12 to
14, 22 to 24, 32, and 33 through which, among acoustic
rays passing through the region 2 and the region 34,
acoustic rays of depths between the shallowest depth
and the deepest depth pass (see (2) of FIG. 6). As a
result, the flow-mode image generation unit 352 gener-
ates a flow-mode image in which the presence or ab-
sence of blood flow and the direction of blood flow are
color-coded for the region R2. The display device 4 thus
displays a mode composite image F2 in which two-di-
mensional information color-coded in the presence or ab-
sence of blood flow and the direction of blood flow is
superimposed on the region R2 on the B-mode image
B1 (see (2) of FIG. 6). According to the region-of-interest
setting method corresponding to the region-of-interest
setting method number W1, in order for the operator to
set, as a region of interest, a region where the operator
wants to visually check blood flow information, the oper-
ator only needs to utter a region number representing a
starting point and a region number representing an end
point of the region to be visually checked.

[0071] When the operator utters "24, 33", the region
selection information input unit 382 receives the input of
a region selection signal selecting a region 24 and a re-
gion 33 of the boundary composite image M1 (see (1) of
FIG. 7). In this case, the region-of-interest setting unit
334 uses the region-of-interest setting method corre-
sponding to the region-of-interest setting method number
W1, thereby setting, as a region of interest, a region R3
containing the region 24 and the region 33, and regions
23 and 34 through which, among acoustic rays passing
through the region 24 and the region 33, acoustic rays
of depths between the shallowest depth and the deepest
depth pass (see (2) of FIG. 7). As a result, the flow-mode
image generation unit 352 generates a flow-mode image
in the region R3. The display device 4 thus displays a
mode composite image F3 in which two-dimensional in-
formation color-coded in the presence or absence of



21 EP 3 320 851 A1 22

blood flow and the direction of blood flow is superimposed
on the region R3 on the B-mode image B1 (see (2) of
FIG. 7). When the operator utters "23", that is, when a
single region is selected in region selection information
(see (1) of FIG. 8), as illustrated in (2) of FIG. 8, the
region-of-interest setting unit 334 uses the region-of-in-
terest setting method corresponding to the region-of-in-
terest setting method number W1, thereby setting the
region 23 (region R4) as a region of interest. The display
device 4 thus displays a mode composite image F4 in
which two-dimensional information color-coded in the
presence or absence of blood flow and the direction of
blood flow is superimposed on the region R4 on the B-
mode image B1 (see (2) of FIG. 8).

[0072] When the endoscope type of the ultrasound en-
doscope 2 connected to the ultrasound observation ap-
paratus 3 is the radial A type, and the elasto-mode is
selected as the operation mode, the region-of-interest
setting method selection unit 333 selects the region-of-
interest setting method corresponding to the region-of-
interest setting method number W2 from among the plu-
rality of region-of-interest setting method numbers W1 to
W33 presented in the table T1 in FIG. 2. When a first
region and a second region are selected in region selec-
tion information, the region-of-interest setting method
corresponding to the region-of-interest setting method
number W2 is a method to set, as a region of interest, a
region with its vertices at the midpoints of diagonal lines
of the first region and the second region, and of regions
through which, among acoustic rays passing through the
firstregion and the secondregion, acoustic rays of depths
between the shallowest depth and the deepest depth
pass, in the regions.

[0073] FIG. 9is adiagram for explaining the region-of-
interest setting method corresponding to the region-of-
interest setting method number W2. For example, when
the operator utters "24, 33", the region selection informa-
tion input unit 382 receives the input of a region selection
signal selecting the region 24 and the region 33 of the
boundary composite image M1 (see (1) of FIG. 9). In this
case, the region-of-interest setting unit 334 uses the re-
gion-of-interest setting method corresponding to the re-
gion-of-interest setting method number W2, thereby, as
illustrated in (2) of FIG. 9, setting, as a region of interest,
a region R5 with its vertices at the midpoints D1 to D4 of
diagonal lines L1 to L4 of the region 24 and the region
33, and of the regions 23 and 34 through which, among
acoustic rays passing through the region 24 and the re-
gion 33, acoustic rays of depths between the shallowest
depth and the deepest depth pass, in the regions. As a
result, the elasto-mode image generation unit 353 gen-
erates an elasto-mode image showing color information
corresponding to the hardness of the observation target
in the region R5. The display device 4 thus displays a
mode composite image F5 in which the color information
corresponding to the hardness is superimposed on the
region R5 on the B-mode image B1 (see (2) of FIG. 9).

[0074] Since the elasto-mode is a mode for showing
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the relative hardness of tissue in aregion of interest, even
when an object of diagnosis is contained within a region
of interest, the color of the object changes depending on
the position and size within the region of interest. Thus,
itis necessary to optimize the position and size of aregion
of interest suitably for an object of diagnosis. Here, if an
object of diagnosis is present between the region 24 and
the region 33, and a region of interest is set so as to
contain the regions 23, 24, 33, and 34, using the region-
of-interest setting method number W1, a region occupied
by the object of diagnosis is relatively smaller than a re-
gion occupied by other objects, so that the hardness of
the object of diagnosis is not precisely displayed. By con-
trast, the region-of-interest setting method correspond-
ing to the region-of-interest setting method number W2
is a method to set, as a region of interest, the region R5
enclosed with its vertices at the midpoints D1 to D4 of
the diagonal lines L1 to L4 of the regions 23, 24, 33, and
34, in theregions. Thatis, even when the regions 24 and
33inwhich the object of diagnosis is present are selected
directly, a region of interest is automatically set so that
the region occupied by the object of diagnosis forms a
proper proportion. Consequently, according to this re-
gion-of-interest setting method, a region suitable for the
elasto-mode is set as a region of interest, so that meas-
urement accuracy (display accuracy) in the elasto-mode
can be increased.

[0075] When the endoscope type of the ultrasound en-
doscope 2 connected to the ultrasound observation ap-
paratus 3 is the radial A type, and the contrast medium-
mode is selected as the operation mode, the region-of-
interest setting method selection unit 333 selects the re-
gion of interest setting method corresponding to the re-
gion-of-interest setting method number W3 from among
the plurality of region-of-interest setting method numbers
W1 to W33 presentedinthetable T1inFIG. 2. Theregion-
of-interest setting method corresponding to the region-
of-interest setting method number W3 is a method to set,
as aregion of interest, a region selected in region selec-
tion information and a region in a predetermined range
around the region.

[0076] FIG. 10 is a diagram for explaining the region-
of-interest setting method corresponding to the region-
of-interest setting method number W3. For example,
when the operator utters "23", the region selection infor-
mation input unit 382 receives the input of a region se-
lection signal selecting the region 23 of the boundary
composite image M1 (see (1) of FIG. 10). In this case,
as illustrated in (2) of FIG. 10, the region-of-interest set-
ting unit 334 sets, as a region of interest, a region R6
containing the region 23 selected in the region selection
information and all the regions 12 to 14, 22, 24, and 32
to 34 adjoining the region 23. As a result, the contrast
medium-mode image generation unit 354 generates a
contrast medium-mode image showing color information
corresponding to blood flow information based on har-
monic components from the ultrasound contrast medium
in the region R6. The display device 4 thus displays a
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mode composite image F6 in which the color information
corresponding to the blood flow information is superim-
posed on the region R6 on the B-mode image B1 (see
(2) of FIG. 10). In the contrast medium-mode, it is gen-
erally necessary to visually check arelatively wide region.
According to the region-of-interest setting method corre-
sponding to the region-of-interest setting method number
W3, the operator can set a wide region to be visually
checked actually as a region of interest only by uttering
only a region in the vicinity of the center of the region to
be checked.

[0077] When the endoscope type of the ultrasound en-
doscope 2 connected to the ultrasound observation ap-
paratus 3 is a convex A type, and the flow-mode is se-
lected as the operation mode, the region-of-interest set-
ting method selection unit 333 selects the region-of-in-
terest setting method corresponding to the region-of-in-
terest setting method number W21 from among the plu-
rality of region-of-interest setting method numbers W1 to
W33 presented in the table T1 in FIG. 2. The region-of-
interest setting method corresponding to the region-of-
interest setting method number W21 is a method to set
a region of interest such that at least a region selected
in region selection information and a region containing a
path along which the tip of the puncture needle passes
are contained.

[0078] FIGS. 11 and 12 are diagrams for explaining
the region-of-interest setting method corresponding to
the region-of-interest setting method number W21. In
FIGS. 11 and 12, a position Dn corresponds to the distal
end opening through which the puncture needle pro-
trudes from the ultrasound endoscope 3. For example,
when the operator utters "23", the region selection infor-
mation input unit 382 receives the input of a region se-
lection signal selecting the region 23 of the boundary
composite image M1 (see (1) of FIG. 11). In this case,
as illustrated in (2) of FIG. 11, the region-of-interest set-
ting unit 334 sets, as a region of interest, a region con-
taining the region 23 selected in the region selection in-
formation and a region A1 containing a path N1 along
which the tip of the puncture needle passes (regions 4
to 7 and 14 to 17), specifically, a wide region R7 contain-
ing regions 3to 7,13 to 17, and 23 to 27 from the region
23 to the region A1 (see (3) of FIG. 11). As a result, the
flow-mode image generation unit 352 generates a flow-
mode image showing color information corresponding to
the direction of blood flow in the region R7. The display
device 4 thus displays a mode composite image F7 in
which two-dimensional information color-coded in the
presence or absence of blood flow and the direction of
blood flow is superimposed on the region R7 on the B-
mode image B1 (see (3) of FIG. 11). As described above,
when the endoscope type of the ultrasound endoscope
2 is the convex A type, processing suitable for the flow-
mode is performed on the region R7 with the position Dn
corresponding to the distal end opening through which
the tip of the puncture needle protrudes as the starting
point, and with the region 23 selected by the operator as
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the end point. Thus, by visually checking the mode com-
posite image F7, the operator can see the thickness of
a blood vessel and the like located on the path of the
puncture needle and around the path, and can protrude
the puncture needle along an optimal path.

[0079] The region-of-interest setting method corre-
sponding to the region-of-interest setting method number
W21 may set, as a region of interest, a region R8 con-
taining also the region 33 that can be presumed to be
reached by the tip of the puncture needle at the time of
the maximum protrusion of the puncture needle (see (2)
of FIG. 12), in addition to the region containing the regions
3to7,13to 17, and 23 to 27 from the region 23 selected
in the region selection information (see (1) of FIG. 12) to
the region A1 containing the path along which the tip of
the puncture needle passes (see (2) of FIG. 12). Since
the position Dn corresponding to the distal end opening
through which the tip of the puncture needle protrudes,
and the approximate protrusion direction of the puncture
needle and the maximum protrusion length of the punc-
ture needle are known, it is possible to estimate a region
reached by the tip of the puncture needle at the time of
the maximum protrusion of the puncture needle. The dis-
play device 4 displays a mode composite image F8 in
which two-dimensional information color-coded in the
presence or absence of blood flow and the direction of
blood flow is superimposed on the region R8 on the B-
mode image B1 (see (3) of FIG. 12). Thus, a region of
interest may be set such that a flow-mode image is dis-
played also on the region R8 additionally containing the
region 33 that can be presumed to be reached by the tip
of the puncture needle at the time of the maximum pro-
trusion of the puncture needle.

[0080] As described above, the first embodiment in-
cludes the region-of-interest setting unit 334 for resetting
aregion of interest by calculation using a region-of-inter-
est setting method associated with an operation mode
selected in mode selection information selected from
among a plurality of different region-of-interest setting
methods previously associated with different operation
modes. Therefore, according to the first embodiment, the
operator only selects a desired region once from among
a plurality of regions presented in a composite image of
a boundary image and a B-mode image to cause the
ultrasound observation apparatus 3 to automatically op-
timize a region of interest based on the desired region
for each operation mode. That is, according to the oper-
ation mode, a region of interest can be optimized to be
in a position and a size other than those of the desired
region selected by the operator. Therefore, according to
the firstembodiment, a region of interest suitable for each
operation mode can be set with a simple operation. The
first embodiment does not construct new arithmetic
processing for setting aregion of interest, but only selects
a region-of-interest setting method associated with an
operation mode from among a plurality of differentregion-
of-interest setting methods previously associated with
different operation modes, thus being able to seta region
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of interest in a short time.

[0081] In the first embodiment, the region selection in-
formation input unit 382 receives input of region selection
information by voice. Thus, according to the first embod-
iment, the operator only utters the identification number
of a desired region once to cause the ultrasound obser-
vation apparatus 3 to automatically set aregion ofinterest
suitable for each operation mode. The operator thus does
not have to operate a pointing device, releasing the hand
from the ultrasound endoscope 2 in order to input region
selection information.

[0082] According to the first embodiment, a region-of-
interest setting method suitable for not only an operation
mode but also the endoscope type, generation, etc. of
the ultrasound endoscope 2 connected to the ultrasound
observation apparatus 3 is selected to set a region of
interest. Thus, a region of interest can be optimized for
each endoscope type of the ultrasound endoscope 2.

(Second Embodiment)

[0083] Next, a second embodiment will be described.
FIG. 13 is a block diagram illustrating a configuration of
an ultrasound observation system according to the sec-
ond embodiment. As illustrated in FIG. 13, an ultrasound
observation system 201 according to the second embod-
imentincludes an ultrasound observation apparatus 203
in place of the ultrasound observation apparatus 3in FIG.
1. The ultrasound observation apparatus 203 includes a
control unit 233 having a boundary pattern setting unit
2335, and animage processing unit 234 having animage
generation unit 235. The image generation unit 235 has
a boundary image generation unit 2355.

[0084] The boundary pattern setting unit 2335 selects
a boundary pattern suitable for an operation mode se-
lected in mode selection information from among a plu-
rality of different boundary patterns previously associat-
ed with different operation modes, as boundaries of a
boundary image in the boundary image generation unit
2355. The boundary pattern setting unit 2335 selects,
from among a plurality of different boundary patterns pre-
viously associated with different combinations of opera-
tion modes and pieces of identification information on the
ultrasound endoscope 2, a boundary pattern associated
with an operation mode selected in mode selection infor-
mation and the identification information on the ultra-
sound endoscope 2 acquired by the endoscope informa-
tion acquisition unit 331, as boundaries of a boundary
image in the boundary image generation unit 2355.
[0085] The boundary image generation unit 2355 gen-
erates aboundary image showing boundaries in abound-
ary pattern set by the boundary pattern setting unit 2335.
[0086] The storage unit 39 stores a boundary pattern
table 2391 showing a plurality of different boundary pat-
terns previously associated with different operation
modes. FIG. 14 is a diagram illustrating an example of
the boundary pattern table 2391. As in a table T2 exem-
plified in FIG. 14, in the boundary pattern table 2391, a
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plurality of boundary pattern numbers P1 to P33 for iden-
tifying boundary patterns are previously associated with
different combinations of operation modes and pieces of
type information on the ultrasound endoscope 2. The
boundary pattern numbers P1 to P33 are associated with
different boundary patterns corresponding to the num-
bers. The storage unit 39 stores the different boundary
patterns corresponding to the boundary pattern num-
bers.

[0087] FIG. 15 is a flowchart illustrating a processing
procedure for the ultrasound observation apparatus 203
to set a region of interest, and generate a composite im-
age for the set region of interest. Steps S21 to S25 illus-
trated in FIG. 15 are steps S1 to S5 illustrated in FIG. 3.
When the control unit 233 determines that there is a
boundary display instruction (step S25: Yes), the bound-
ary pattern setting unit 2335 refers to the boundary pat-
tern table 2391 stored in the storage unit 39 (step S26).
The boundary pattern setting unit 2335 performs bound-
ary pattern setting processing to select, from among the
boundary pattern numbers in the boundary pattern table
2391 referred to, a boundary pattern number associated
with an operation mode selected in mode selection infor-
mation and the identification information on the ultra-
sound endoscope 2 acquired by the endoscope informa-
tion acquisition unit 331, and set the boundary pattern
corresponding to the selected boundary pattern number
as boundaries of a boundary image in the boundary im-
age generation unit 2355 (step S27). As a result, the
boundaryimage generation unit 2355 performs boundary
image generation processing to read the boundary pat-
tern corresponding to the boundary pattern number set
by the boundary pattern setting unit 2335 from the stor-
age unit 39, and generate a boundary image showing
boundaries in the read boundary pattern (step S28).
Steps S29 to S35 illustrated in FIG. 15 are steps S7 to
S13 illustrated in FIG. 3.

[0088] Next, boundary patterns set in the boundary
pattern setting processing illustrated in FIG. 15 will be
described. FIGS. 16 to 20 are diagrams for explaining an
example of the boundary patterns.

[0089] Forexample, the boundary pattern correspond-
ing to the boundary pattern number P1 is a default bound-
ary pattern, in which, as illustrated in a boundary com-
posite image G-P1inFIG. 16, six straightlines extending
radially from a top portion of the image and seven arcs
intersecting with the straightlines indicate the boundaries
of regions, dividing the B-mode image into 32 regions.
[0090] When the ultrasound endoscope 2 connected
to the ultrasound observation apparatus 203 is the radial
A type, and the contrast medium-mode is selected as the
operation mode, the boundary pattern setting unit 2335
selects the boundary pattern corresponding to the bound-
ary pattern number P3 from among the plurality of bound-
ary pattern numbers P1 to P33 presented in the table T2
in FIG. 14. The boundary pattern corresponding to the
boundary pattern number P3 is a pattern in which, as
illustrated in a boundary composite image G-P3 in FIG.
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17, for example, boundaries are presented such that re-
gions larger than the regions divided by the default
boundary pattern are arranged. In the boundary pattern
corresponding to the boundary pattern number P3, three
straight lines extending radially from a top portion of the
image and three arcs intersecting with the straight lines
indicate the boundaries of the regions, dividing the B-
mode image into ten regions. The region-of-interest set-
ting method selection unit 333 can setan optimum region-
of-interest setting method, according to the boundary pat-
tern set by the boundary pattern setting unit 2335.
[0091] When identification information indicating that
the ultrasound endoscope 2 is of the convex A type is
acquired by the endoscope information acquisition unit
331, the boundary pattern setting unit 2335 sets a bound-
ary pattern in which, among regions divided by a prede-
termined reference boundary pattern illustrated in the
boundary composite image G-P1in FIG. 16, forexample,
the interior of the boundaries enclosing a region 34 that
can be presumed to be reached by the tip of the puncture
needle at the maximum protrusion of the puncture needle
is further divided into a plurality of regions. As a result,
each of the divided regions 34a to 34d of the region 34
that can be presumed to be reached by the puncture
needle can also be selected as a desired region, and the
size of a region of interest can be finely adjusted. Spe-
cifically, when the ultrasound endoscope 2 connected to
the ultrasound observation apparatus 203 is of the con-
vex A type, and the flow-mode is selected as the opera-
tion mode, the boundary pattern setting unit 2335 selects
the boundary pattern corresponding to the boundary pat-
tern number P21 from among the plurality of boundary
pattern numbers P1 to P33 presented in the table T2 in
FIG. 14. The boundary pattern corresponding to the
boundary pattern number P21 is a pattern in which, as
illustrated in a boundary composite image G-P21 in FIG.
18, forexample, among the regions divided by the default
boundary pattern, broken lines further dividing the interior
of the region 34 into four regions are further presented.
Identification numbers of "34a to 34d" are assigned to
the divided regions of the region 34.

[0092] The boundary pattern corresponding to the
boundary pattern number P21 may be a pattern in which,
as illustrated in a boundary composite image G-P21-1 in
FIG. 19, for example, only the broken lines indicating the
boundaries enclosing the region 34 and the broken lines
further dividing the interior of the boundaries enclosing
the region 34 into four regions are presented.

[0093] Alternatively, the boundary pattern correspond-
ing to the boundary pattern number P21 may be a pattern
in which, as illustrated in a boundary composite image
G-P21-2in FIG. 20, for example, the boundaries enclos-
ing the region 34 are enlarged at a predetermined mag-
nification, and broken lines further dividing the interior of
a region 34’ enclosed by the enlarged boundaries into
nine regions of regions 34a’ to 34i’ are presented. In other
words, the boundary pattern setting unit 2335 may set a
boundary pattern in which, among regions divided by a
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reference boundary pattern, boundaries enclosing a re-
gion that can be presumed to be reached by the tip of
the puncture needle are enlarged at a predetermined
magnification, and the interior of the enlarged boundaries
are further divided into a plurality of regions. As a result,
when the ultrasound endoscope 2 is of the convex A type,
a region that can be presumed to be reached by the tip
of the puncture needle can be strictly selected in region
selection information, and aregion of interest can be fine-
ly adjusted to the optimum one.

[0094] As described above, in the second embodi-
ment, a boundary pattern associated with each operation
mode and the type and generation of the ultrasound en-
doscope 2 is set to generate a boundary image. Conse-
quently, according to the second embodiment, the oper-
ator can select a region suitable for observation from
among divided regions divided in a manner suitable for
the operation mode and the type and generation of the
ultrasound endoscope 2, and thus can flexibly select a
region suitable for the operation mode and the type and
generation of the ultrasound endoscope 2, and can ob-
tain a region of interest of an optimum size.

[0095] Inthe first and second embodiments described
above, the description has been made onthe assumption
that the flow-mode, the elasto-mode, or the contrast me-
dium-mode is set as the operation mode. The present
invention is not limited to this, and the operation mode
may be, for example, a distance measurement mode, an
area measurement mode, a pulse Doppler Mode, a con-
trast harmonic mode, or a tissue harmonic mode.
[0096] Further, the region-of-interest setting unit 334
may analyze an image in a region of interest, and correct
the region of interest to further optimize the region of
interest. In this case, the region-of-interest setting unit
334 performs image analysis by acquiring histogram
(noise) distribution, contours, flow rate distribution, or
strain amount distribution in the image inside the region
of interest. In this case, aregion unnecessary as a region
to be subjected to mode processing can be deleted, and
the processing speed of each operation mode can be
increased, improving the frame rate. In the case of the
elasto-mode, measurement accuracy (display system)
can be enhanced.

[0097] Inthe first and second embodiments, when the
operator changes the operation mode, the ultrasound ob-
servation apparatus 3 or 203 executes the processing
steps starting from step S1 in FIG. 3 or step S21 in FIG.
15 again. In the first embodiment, when the operator ut-
ters "boundary" in and after step S9in FIG. 3, the process
may return to step S6 to generate a boundary image
again and generate and display a boundary composite
image superimposed on the B-mode image. This is the
same in the second embodiment. If the operator utters
"boundary" in and after step S31 illustrated in FIG. 15,
the process returns to step S26. If the operator utters a
new region number during the processing in step S13 in
FIG. 3 or step S35 in FIG. 15, the process may return to
step S9 in FIG. 3 or step S31 in FIG. 15 to perform the
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subsequent processing. The first and second embodi-
ments have presented an example in which division into
regions is performed by enclosing regions on a B-mode
image with boundary lines. Alternatively, division into re-
gions may be performed by color-coding regions differ-
ently.

[0098] In the first and second embodiments described
above, the description has been made on the assumption
that the ultrasound observation apparatus 3 or 203 and
the display device 4 are provided as separate bodies.
Alternatively, the ultrasound observation apparatus 3 or
203 and the display device 4 may be integrated.

[0099] An operation program for the processing steps
executed in the components of the ultrasound observa-
tion apparatus 3 or 203 according to the present embod-
iments may be configured to be provided in a file in a
installable format or in an executable format recorded in
a computer-readable recording medium such as a CD-
ROM, a flexible disk, a CD-R, or a DVD, or may be con-
figured to be stored in a computer connected to a network
such as the Internet and provided by being downloaded
via the network. Alternatively, the operation program may
be configured to be provided or distributed via a network
such as the Internet.

[0100] In the first and second embodiments described
above, the description has been made with an observa-
tion target being living tissue as an example. The em-
bodiments are also applicable to an industrial endoscope
for observing the characteristics of materials. The obser-
vation apparatus according to the present invention is
applicable both inside and outside the body. Instead of
ultrasound waves, the observation apparatus may emit
infrared rays or the like to transmit and receive signals
of an observation target.

[0101] Thus, the presentinvention can include various
embodiments without departing from the technical idea
described in the claims.

Reference Signs List

[0102]

1, 201 ultrasound observation system

2 ultrasound endoscope

3, 203 ultrasound observation apparatus

4 display device

21 ultrasound transducer

22 endoscope information memory

31 transmission unit

32 reception signal processing unit

321 B-mode signal processing unit

322 flow-mode signal processing unit

323 elasto-mode signal processing unit

324 contrast medium-mode signal processing
unit

33, 233 control unit

34, 234 image processing unit

35, 235 image generation unit
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30

36 image composition unit

37 display control unit

38 input unit

39 storage unit

331 endoscope information acquisition unit

332 mode setting unit

333 region-of-interest setting method selection
unit

334 region-of-interest setting unit

351 B-mode image generation unit

352 flow-mode image generation unit

353 elasto-mode image generation unit

354 contrast medium-mode image generation
unit

355, 2355  boundary image generation unit

361 boundary image composition unit

362 mode image composition unit

381 mode selection information input unit

382 region selection information input unit

391 region-of-interest setting method table

2335 boundary pattern setting unit

2391 boundary pattern table

Claims

1. An ultrasound observation apparatus that transmits
ultrasound waves to a subject that is an observation
target, and generates ultrasound images displayed
on a display unit, based on an ultrasound signal ac-
quired by an ultrasound endoscope receiving the ul-
trasound waves reflected by the subject, the appa-
ratus comprising:

a B-mode image generation unit configured to
generate a B-mode image in which amplitude of
the reflected ultrasound waves is converted into
luminance by processing the ultrasound signal
and presented in two dimensions;

a mode selection information input unit config-
ured to receive input of mode selection informa-
tion selecting either a first operation mode for
detecting a selected one of a plurality of pieces
of characteristic biological information or a sec-
ond operation mode for detecting biological in-
formation different from characteristic biological
information obtained in the first operation mode;
a boundary image composition unit configured
to generate a boundary composite image ob-
tained by processing the ultrasound image such
that a plurality of divided regions divided by
mesh-like boundaries is displayed on the ultra-
sound image displayed on the display unit;

a region selection information input unit config-
ured to receive input of region selection infor-
mation selecting a desired region from the plu-
rality of divided regions;

aregion-of-interest setting unit configured to set
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a region of interest of the ultrasound image that
is aregionto be subjected to processing suitable
for the operation mode selected in the mode se-
lection information, by calculation using a re-
gion-of-interest setting method previously asso-
ciated with the operation mode, based on the
desired region selected in the region selection
information; and

a mode image composition unit configured to
generate a mode composite image in which an
operation mode image presented in two dimen-
sions additional information obtained by per-
forming processing suitable for the operation
mode selected by the mode selection informa-
tion on the region of interest is superimposed on
the B-mode image generated by the B-mode im-
age generation unit.

The ultrasound observation apparatus according to
claim 1, further comprising a region-of-interest set-
ting method selection unit configured to select a re-
gion-of-interest setting method associated with the
operation mode selected in the mode selection in-
formation from among a plurality of different region-
of-interest setting methods previously associated
with the different operation modes, wherein

the region-of-interest setting unit sets the region of
interest using the region-of-interest setting method
selected by the region-of-interest setting method se-
lection unit, based on the desired region selected in
the region selection information.

The ultrasound observation apparatus according to
claim 1, further comprising an endoscope informa-
tion acquisition unit configured to acquire identifica-
tion information on the ultrasound endoscope,
wherein

the region-of-interest setting unit sets the region of
interest by calculation using a region-of-interest set-
ting method previously associated with the operation
mode selected in the mode selection information and
the identification information on the ultrasound en-
doscope acquired by the endoscope information ac-
quisition unit, based on the desired region selected
in the region selection information.

The ultrasound observation apparatus according to
claim 3, further comprising a region-of-interest set-
ting method selection unit configured to select a re-
gion-of-interest setting method associated with the
operation mode selected in the mode selection in-
formation and the identification information on the
ultrasound endoscope acquired by the endoscope
information acquisition unit, from among a plurality
of different region-of-interest setting methods previ-
ously associated with different combinations of the
operation modes and pieces of identification infor-
mation on the ultrasound endoscope, wherein
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32

the region-of-interest setting unit sets the region of
interest using the region-of-interest setting method
selected by the region-of-interest setting method se-
lection unit, based on the desired region selected in
the region selection information.

The ultrasound observation apparatus according to
claim 1, wherein the region selection information in-
put unit receives the region selection information in-
put by voice.

The ultrasound observation apparatus according to
claim 1, further comprising a boundary image gen-
eration unit configured to generate a boundary image
showing, together with the boundaries, region iden-
tification information for identifying the regions of the
ultrasound image in positions corresponding to the
regions, wherein

the boundary image composition unit generates the
boundary composite image into which the B-mode
image generated by the B-mode image generation
unit and the boundary image generated by the
boundary image generation unit are composited
such that the boundary image is superimposed on
the B-mode image.

The ultrasound observation apparatus according to
claim 1, further comprising a display control unit con-
figured to cause a display device to which the ultra-
sound observation apparatus is connected to display
a composite image generated by the boundary im-
age composition unit or the mode image composition
unit.

The ultrasound observation apparatus according to
claim 1, further comprising a storage unit configured
to store a plurality of different region-of-interest set-
ting methods previously associated with the different
operation modes.

The ultrasound observation apparatus according to
claim 1, wherein the first operation mode and the
second operation mode include a flow-mode, an
elasto-mode, and a contrast medium-mode.

The ultrasound observation apparatus according to
claim 9, wherein when the flow-mode is selected in
the mode selection information, and a first region
and a second region are selected in the region se-
lection information, the region-of-interest setting unit
sets, as the region of interest, the firstregion and the
second region, and a region through which, among
acoustic rays passing through the first region and
the second region, acoustic rays of depths between
the shallowest depth and the deepest depth pass.

The ultrasound observation apparatus according to
claim 9, wherein when the elasto-mode is selected
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in the mode selection information, and a first region
and a second region are selected in the region se-
lection information, the region-of-interest setting unit
sets, as the region of interest, a region with vertices
thereof at midpoints of diagonal lines of the first re-
gion and the second region, and of regions through
which, among acoustic rays passing through the first
region and the second region, acoustic rays of
depths between the shallowest depth and the deep-
est depth pass, in the regions.

The ultrasound observation apparatus according to
claim 9, wherein when the contrast medium-mode
is selected in the mode selection information, the
region-of-interest setting unit sets, as the region of
interest, the region selected in the region selection
information and a region in a predetermined range
around the region.

The ultrasound observation apparatus according to
claim 3, wherein when identification information in-
dicating that the ultrasound endoscope is of a convex
type capable of protruding a puncture needle from a
distal end opening is acquired by the endoscope in-
formation acquisition unit, the region-of-interest set-
ting unit sets the region of interest such that at least
the region selected in the region selection informa-
tion and a region containing a path along which a tip
of the puncture needle passes are contained.

The ultrasound observation apparatus according to
claim 1, further comprising a boundary pattern set-
ting unit configured to set a boundary pattern asso-
ciated with the operation mode selected in the mode
selection information from among a plurality of dif-
ferent boundary patterns previously associated with
the different operation modes, as boundaries of the
boundary composite image, wherein

the boundary image composition unit generates the
boundary composite image showing the boundaries
in the boundary pattern set by the boundary pattern
setting unit.

The ultrasound observation apparatus according to
claim 14, further comprising a storage unit config-
ured to store the plurality of different boundary pat-
terns previously associated with the different oper-
ation modes.

The ultrasound observation apparatus according to
claim 14, wherein the first operation mode and the
second operation mode include a contrast medium-
mode, and

when the contrast medium-mode is selected in the
mode selection information, the boundary pattern
setting unit sets a boundary pattern showing bound-
aries dividing regions larger than regions divided by
a predetermined reference boundary pattern.
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The ultrasound observation apparatus according to
claim 3, further comprising a boundary pattern set-
ting unit configured to set, as boundaries of the
boundary composite image, a boundary pattern as-
sociated with the operation mode selected in the
mode selection information and the identification in-
formation on the ultrasound endoscope acquired by
the endoscope information acquisition unit, from
among a plurality of different boundary patterns pre-
viously associated with different combinations of the
operation modes and pieces of identification infor-
mation on the ultrasound endoscope, wherein

the boundary image composition unit generates the
boundary composite image showing the boundaries
in the boundary pattern set by the boundary pattern
setting unit.

The ultrasound observation apparatus according to
claim 17, wherein when identification information in-
dicating that the ultrasound endoscope is of a convex
type capable of protruding a puncture needle from a
distal end opening is acquired by the endoscope in-
formation acquisition unit, the boundary pattern set-
ting unit sets a boundary pattern in which an interior
of boundaries enclosing a region that can be pre-
sumed to be reached by a tip of the puncture needle
among regions divided by a predetermined refer-
ence boundary pattern is further divided into a plu-
rality of regions.

The ultrasound observation apparatus according to
claim 17, wherein when identification information in-
dicating that the ultrasound endoscope is of a convex
type capable of protruding a puncture needle from a
distal end opening is acquired by the endoscope in-
formation acquisition unit, the boundary pattern set-
ting unit sets a boundary pattern in which boundaries
enclosing a region that can be presumed to be
reached by a tip of the puncture needle among re-
gions divided by a predetermined reference bound-
ary pattern are enlarged at a predetermined magni-
fication, and an interior of the enlarged boundaries
is further divided into a plurality of regions.

An ultrasound observation system comprising:

an ultrasound endoscope configured to transmit
ultrasound waves to a subject that is an obser-
vation target, and receive the ultrasound waves
reflected by the subject;

an ultrasound observation apparatus configured
to generate an ultrasound image for display
based on an ultrasound signal acquired by the
ultrasound endoscope; and

a display device configured to display the ultra-
sound image generated by the ultrasound ob-
servation apparatus, wherein

the ultrasound observation apparatus includes:
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a B-mode image generation unit configured
to generate a B-mode image in which am-
plitude of the reflected ultrasound waves is
converted into luminance by processing the
ultrasound signal and presented in two di-
mensions;

amode selection information input unit con-
figured to receive input of mode selection
information selecting either a first operation
mode for detecting a selected one of a plu-
rality of pieces of characteristic biological
information or a second operation mode for
detecting biological information different
from characteristic biological information
obtained in the first operation mode;

a boundary image composition unit config-
ured to generate a boundary composite im-
age obtained by processing the ultrasound
image such that a plurality of divided regions
divided by mesh-like boundaries is dis-
played on the ultrasound image displayed
on the display unit;

a region selection information input unit
configured to receive input of region selec-
tion information selecting a desired region
from the plurality of divided regions;

a region-of-interest setting unit configured
to set a region of interest of the ultrasound
image that is a region to be subjected to
processing suitable for the operation mode
selected in the mode selection information,
by calculation using a region-of-interest set-
ting method previously associated with the
operation mode, based on the desired re-
gion selected in the region selection infor-
mation; and

a mode image composition unit configured
to generate a mode composite image in
which an operation mode image presented
intwo dimensions additional information ob-
tained by performing processing suitable for
the operation mode selected by the mode
selection information on the region of inter-
est is superimposed on the B-mode image
generated by the B-mode image generation
unit.

21. An operation method of an ultrasound observation
apparatus that transmits ultrasound waves to a sub-
ject that is an observation target, and generates ul-
trasound images to be displayed on a display unit,
based on an ultrasound signal acquired by an ultra-
sound endoscope receiving the ultrasound waves
reflected by the subject, the method comprising:

B-mode image generation processing in which
a B-mode image generation unit generates a B-
mode image in which amplitude of the reflected
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ultrasound waves is converted into luminance
by processing the ultrasound signal, and pre-
sented in two dimensions;

ultrasound image display control processing in
which a display control unit causes the display
unit to display the B-mode image;

mode setting processing in which a mode setting
unit sets an operation mode selected in mode
selection information selecting either a first op-
eration mode for detecting a selected one of a
plurality of pieces of characteristic biological in-
formation or a second operation mode for de-
tecting biological information differentfrom char-
acteristic biological information obtained in the
first operation mode;

boundary image composition processing in
which a boundary image composition unit gen-
erates a boundary composite image obtained
by processing the ultrasound image such that a
plurality of divided regions divided by mesh-like
boundaries is displayed on the ultrasoundimage
displayed on the display unit;

boundary composite image display control
processing in which the display control unit
causes the display unit to display the boundary
composite image;

region selection information input processing in
which a region selection information input unit
receives input ofregion selection information se-
lecting a desired region from the plurality of di-
vided regions;

region-of-interest setting processing in which a
region-of-interest setting unit sets a region of in-
terest of the ultrasound image that is a region to
be subjected to processing suitable for the op-
eration mode selected in the mode selection in-
formation, by calculation using a region-of-inter-
est setting method previously associated with
the operation mode, based on the desired region
selected in the region selection information; and
mode processing in which a mode image com-
position unit generates a mode composite im-
age in which an operation mode image present-
ed in two dimensions additional information ob-
tained by performing processing suitable for the
operation mode selected by the mode selection
information on the region of interest is superim-
posed on the B-mode image generated by the
B-mode image generation unit, and the display
control unit causes the display unit to display the
mode composite image.

22. An operation program of an ultrasound observation
apparatus that transmits ultrasound waves to a sub-
ject that is an observation target, and generates ul-
trasound images to be displayed on a display unit,
based on an ultrasound signal acquired by an ultra-
sound endoscope receiving the ultrasound waves
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reflected by the subject, the program causing the

ultrasound observation apparatus to execute:

a B-mode image generation step in which a B-
mode image generation unit generates a B-
mode image in which amplitude of the reflected
ultrasound waves is converted into luminance
by processing the ultrasound signal, and pre-
sented in two dimensions;

an ultrasound image display control step in
which a display control unit causes the display
unit to display the B-mode image;

a mode setting step in which a mode setting unit
sets an operation mode selected in mode selec-
tion information selecting either a first operation
mode for detecting a selected one of a plurality
of pieces of characteristic biological information
or a second operation mode for detecting bio-
logical information different from characteristic
biological information obtained in the first oper-
ation mode;

a boundary image composition step in which a
boundary image composition unit generates a
boundary composite image obtained by
processing the ultrasound image such thata plu-
rality of divided regions divided by mesh-like
boundariesis displayed on the ultrasound image
displayed on the display unit;

a boundary composite image display control
step in which the display control unit causes the
display unit to display the boundary composite
image;

aregion selection information input step in which
aregion selection information input unitreceives
input of region selection information selecting a
desired region from the plurality of divided re-
gions;

a region-of-interest setting step in which a re-
gion-of-interest setting unit sets a region of in-
terest of the ultrasound image that is a region to
be subjected to processing suitable for the op-
eration mode selected in the mode selection in-
formation, by calculation using a region-of-inter-
est setting method previously associated with
the operation mode, based on the desired region
selected in the region selection information; and
amode step in which a mode image composition
unit generates a mode composite image in
which an operation mode image presented in
two dimensions additional information obtained
by performing processing suitable for the oper-
ation mode selected by the mode selection in-
formation on the region of interest is superim-
posed on the B-mode image generated by the
B-mode image generation unit, and the display
control unit causes the display unit to display the
mode composite image.
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