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7) ABSTRACT

An ultrasound diagnostic device includes: a contour extrac-
tion unit extracting a first contour image from ultrasound
images obtained from spatially-successive examination posi-
tions and each including an image of an organ, a contour
image indicating a contour of the organ and extracted from
the organ image; a specification unit receiving, from a user,
specification information specifying a manual correction tar-
get ultrasound image and correction information indicating
details of a manual correction performed with respect to a first
contour image extracted from the manual correction target
ultrasound image; and a contour correction unit correcting the
first contour image extracted from the manual correction
target ultrasound image according to the correction informa-
tion. The contour extraction unit further extracts a second
contour image from a target ultrasound image by using infor-
mation indicating the corrected first contour image. The tar-
get ultrasound image differs from the manual correction tar-
get image.
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FIG.2

( Start )

/_/8101
Automatical ly extract blood vessel
contour images from ultrasound images
|’ /_18102

Refer to contour extraction result and select
frame with respect to which manual correction
of contour image is to be performed

5103

Perform manual correction of contour image

\t __s104

Specify frame with respect to which automatic
correction of contour image is to be performed

\L __S105

Generate initial contour information for
automatic correction target frame, according
to shape of already-corrected contour image

\|{ 5106

Calculate position of contour image after
correction in automatic correction target
frame, according to correction information

S107

Difference in

shape of contour image
before correction and after
correction is equal to or
smal ler than threshold
value?
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FIG. 4
( Start )
f_,S111
Automatically extract blood vessel
contour images from ultrasound images
/_,3112

Refer to contour extraction result,
specify frame with respect to which manual
correction of contour image is to be
performed, and specify one of tunica intima
and tunica adventitia as target of correction

y 113

Perform manual correction with
respect to contour image of specified
one of tunica intima and tunica adventitia

\t sl

Specify frame with respect to which automatic
correction of contour image is be performed

I __s115

Generate correction information for
specified one of tunica intima and tunica
adventitia to be used in automatic correction,
according to shape of already-corrected
contour image of specified one of
tunica intima and tunica adventitia

Il __s116

Calculate position of contour image after
correction of specified one of tunica intima and
tunica adventitia in automatic correction target

frame, according to correction information

Thickness of

blood vessel wall after
correction is equal to or
smal ler than threshold
value?
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FIG. 5A

{ Start )

S1151

Correction No
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of tunica intima to be
performed?

o S11%2

Generate correction information to be used
in automatic correction of tunica intima,
according to shape of already-corrected

contour image of tunica intima

S1153

Correction No

of tunica adventitia to be
performed?

1154

Generate correction information to be used in
automatic correction of tunica adventitia,
according to shape of already-corrected
contour image of tunica adventitia

End
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FIG. 6

Vertex 2

Vertex 1 Vertex 3
Vertex 2

FIG. 7A

Manual correction frame
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Automatic | Automatic
correction correction
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FIG. 7B

Frame N o Vertex 2

(a) Manual correction
result
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(b) Contour image (c) Contour image after
before correction automatic correction
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FIG. 17

( Start )

S1701

Multiple
blood vessel portions
included in ultrasound
image?

51702

Blood vessel
contour images overlap
one another?

1103

Generatq a single contour image
by merging overlapping contour
images of blood vessel portions

End
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FIG. 19
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Automatically extract blood vessel
contour images from ultrasound images
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FIG. 24
__ 82401
52402

f

Refer to contour extraction result and select
ultrasound image with respect to which manual
correction of contour image is to be performed
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Perform manual correction of contour image

manual correction with
respect to another
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Perform
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frame?
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ULTRASOUND DIAGNOSTIC APPARATUS
AND CONTOUR EXTRACTION METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasound diag-
nostic device and a contour extraction method.

BACKGROUND ART

[0002] There exists conventional technology disclosing a
technology of extracting a contour of a blood vessel from
diagnostic images of an examination subject and allowing a
user to correct the contour so extracted (Patent Literature 1).

CITATION LIST

Patent Literature
[0003] [Patent Literature 1]
[0004] Japanese Patent Application Publication No. 2008-

161688
SUMMARY OF INVENTION

Technical Problem

[0005] However, according to this conventional technol-

ogy, a user needs to manually perform contour correction
with respect to each and every diagnostic image requiring
correction of the contour of the blood vessel therein. Due to
this, a great amount of time is required to perform correction.
[0006] In view of the above, one aspect of the present
disclosure is an ultrasound diagnostic device that more accu-
rately extracts images of a contour (contour images) of an
organ from a plurality of diagnostic images in a short amount
of time.

Solution to Problem

[0007] Oneaspect of the present disclosureis an ultrasound
diagnostic device including: a contour extraction unit config-
ured to extract a first contour image from each ofa plurality of
ultrasound images obtained from spatially-successive exami-
nation positions and each including an image of an organ, a
contour image extracted from an ultrasound image being an
image indicating a contour of the organ and being extracted
from an image of the organ appearing in the ultrasound
image; a specification unit configured to receive, from a user
of the ultrasound diagnostic device, specification information
specifying a manual correction target ultrasound image
among the ultrasound images and correction information
indicating details of a manual correction that the user pet-
forms with respect to a first contour image extracted from the
manual correction target ultrasound image; and a contour
correction unit configured to correct the first contour image
extracted from the manual correction target ultrasound image
according to the correction information to obtain a corrected
first contour image. In the ultrasound diagnostic device, the
contour extraction unit is further configured to extract a sec-
ond contour image from a target ultrasound image among the
ultrasound images by using information indicating the cor-
rected first contour image, the target ultrasound image differ-
ing from the manual correction target image.

[0008] Various aspects as described above, which include
both those that are general and those that are specific, may be
implemented as a system, a method, an integrated circuit, a

Nov. 13,2014

computer program, or a computer-readable recording
medium such a CD-ROM, or may be implemented as a com-
bination of any of a system, a method, a integrated circuit, a
computer program, and a computer-readable recording
medium.

Advantageous Effects of Invention

[0009] The ultrasound diagnostic device pertaining to one
aspect of the present disclosure more accurately extracts con-
tour images of an organ from a plurality of diagnostic images
in a short amount of time.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1isablock diagram illustrating the structure of
an ultrasound diagnostic device pertaining to embodiment 1.
[0011] FIG. 2 is a flowchart illustrating the operations of
the ultrasound diagnostic device pertaining to embodiment 1.

[0012] FIG. 3 is a flowchart illustrating processing in Step
S105.
[0013] FIG. 4 is a flowchart illustrating processing per-

formed with respect to both a tunica intima boundary and a
tunica adventitia boundary.

[0014] FIG. 5A is a flowchart illustrating a first method of
generating correction initial information “editInf” that is used
in automatic correction of a tunica intima and a tunica adven-
titia.

[0015] FIG. 5B is a flowchart illustrating a second method
of generating the correction initial information “editInf” that
is used in automatic correction of the tunica intima and the
tunica adventitia.

[0016] FIG. 6 is a diagram explaining an example of
manual correction.

[0017] FIG.7Ais afirstexplanatory diagram illustrating an
example of automatic correction processing of the tunica
intima.

[0018] FIG. 7B is a second explanatory diagram illustrating
the example of the automatic correction processing of the
tunica intima,

[0019] FIG. 8 is a diagram illustrating the effects of the
ultrasound diagnostic device pertaining to embodiment 1.
[0020] FIG. 9isablock diagram illustrating the structure of
an ultrasound diagnostic device pertaining to embodiment 2.
[0021] FIG. 10 is an explanatory diagram that illustrates the
flow of processing up to generation and displaying of a 3D
image.

[0022] FIG. 11 is an explanatory diagram illustrating a first
application example of the ultrasound diagnostic device per-
taining to embodiment 2.

[0023] FIG. 12 is an explanatory diagram illustrating a
second application example of the ultrasound diagnostic
device pertaining to embodiment 2.

[0024] FIG. 13 is anexplanatory diagramillustrating a third
application example of the ultrasound diagnostic device pet-
taining to embodiment 3.

[0025] FIG. 14 is an explanatory diagram illustrating a
situation that embodiment 3 takes into consideration.

[0026] FIG. 15 is a block diagram illustrating the structure
of an ultrasound diagnostic device pertaining to embodiment
3.

[0027] FIG. 16 is an explanatory diagram illustrating cor-
rection information and specification information related to
the ultrasound diagnostic device pertaining to embodiment 3.
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[0028] FIG. 17 is a flowchart illustrating merging process-
ing pertaining to embodiment 3.

[0029] FIG. 18 is an explanatory diagram of the merging
processing pertaining to embodiment 3.

[0030] FIG.19 is an explanatory diagram illustrating blood
vessel extraction processing pertaining to embodiment 3.
[0031] FIG. 20 are diagrams for explaining the structure of
a blood vessel wall of an artery.

[0032] FIG.21 arediagrams for explaining thickening of an
intima-media caused by a plaque.

[0033] FIG. 22 is an explanatory diagram illustrating a 3D
shape of a plaque.

[0034] FIG. 23 is a block diagram illustrating the structure
of an ultrasound diagnostic device pertaining to a technology
envisaged by the present inventors.

[0035] FIG. 24 is a flowchart illustrating the operations of
the ultrasound diagnostic device pertaining to the technology
envisaged by the present inventors.

[0036] FIG. 25 is a diagram for explaining a problem with
the ultrasound diagnostic device pertaining to the technology
envisaged by the present inventors.

[0037] FIGS. 26A through 26C are explanatory diagrams
illustrating a case where a contour extraction method is
implemented on a computer system by using a program
recorded on a recording medium such as a flexible disk.
[0038] FIG.27illustrates an example of an ultrasound diag-
nostic device.

DESCRIPTION OF EMBODIMENTS

[0039] (Finding Serving as Basis of Aspects of Present
disclosure) The present inventors have found that the follow-
ing problems are observed in relation with the conventional
method of extracting contour images from ultrasound images
that is described in the “Background Art” section of the
present disclosure.

[0040] Diagnostic imaging devices commonly used for
examining living organisms include X-ray diagnostic
devices, MRI (Magnetic Resonance Imaging) diagnostic
devices, and ultrasound diagnostic devices. Among the above
devices, ultrasound diagnostic devices in particular are
advantageous for non-invasiveness and for enabling real-time
usage, and therefore are widely used for medical examina-
tions, which in the present disclosure includes health checks.
An ultrasound diagnostic device is used to examine various
parts of the human body, such as the heart, blood vessels, the
liver, and breasts. In particular, examination of the carotid
artery for determining risk of arteriosclerosis is attracting
much attention in recent years.

[0041] Portion (a) of FIG. 20 illustrates the structure of a
blood vessel wall of an artery. A blood vessel wall is com-
posed of three layers, the tunica intima, the tunica media, and
the tunica adventitia. As arteriosclerosis progresses, thick-
ness of mainly the tunica intima and the tunica media
increases. In ultrasound examination of the carotid artery, an
ultrasound diagnostic device is used to detect a tunica intima
boundary and a tunica adventitia boundary, which are illus-
trated in portion (b) of FIG. 20. Thus, measurement is per-
formed of a thickness of a combination of the tunica intima
and the tunica media (the “intima-media”). A portion of the
intima-media that has a thickness exceeding a predetermined
value is referred to as a plaque. When a plaque is formed,
depending on the size thereof, it may become necessary to
remove the plaque through medicinal treatment or to remove

Nov. 13,2014

the plaque through surgical treatment. Due to this, it is impor-
tant for the measurement of the thickness of the intima-media
to be performed accurately.

[0042] In the following, explanation is provided of a
plaque, with reference to FIGS. 21 and 22.

[0043] Portion (a) of FIG. 21 illustrates an example of the
intima-media in a normal state, which is a state where thick-
ening of the intima-media has not taken place. Portion (b) of
FIG. 21 illustrates an example of the intima-media in a state
where a plaque has been formed due to the progress of thick-
ening of the intima-media. When performing examination to
detect a plaque in the intima-media or the increase in thick-
ness of the intima-media, which may later result in a plaque
being formed, a user of an ultrasound diagnostic device (a
person carrying out examination) measures the thickness of
the intima-media while moving an ultrasound probe of the
ultrasound diagnostic device over and thus scanning a wide
area of the carotid artery.

[0044] FIG. 22 includes explanatory diagrams illustrating a
three-dimensional shape of a plaque. Note that in the follow-
ing, the expressions “three-dimensional” and “two-dimen-
sional” are indicated simply as “3D” and “2D”, respectively.
In portion (a) of FIG. 22, a blood vessel running in a Z axis
direction is illustrated in a state of being cut in half by using
an imaginary plane parallel with the Z axis. In addition, in
portion (a) of FIG. 22, a part of the blood vessel where a
plaque exists is shown in black. Portion (b) of FIG. 22 illus-
trates a short-axis cross-section of the plaque (i.e., a cross-
section taken along a plane perpendicular to the Z axis). FIG.
22C shows a long-axis cross-section of the plaque (i.e., a
cross-section taken along a plane parallel with the Z axis).
[0045] FIG. 23 is a block diagram illustrating the structure
of an ultrasound diagnostic device pertaining to a technology
envisaged by the present inventors.

[0046] More specifically, FIG. 23 is a block diagram illus-
trating an ultrasound diagnostic device for measuring the
thickness of the intima-media of the carotid artery. As illus-
trated in FIG. 23, an ultrasound diagnostic device 2300
includes: a contour extraction unit 2301; a specification umt
2302; a manual correction unit 2303; a post-correction con-
tour memory 2304; and a display unit 2305.

[0047] The ultrasound diagnostic device 2300 has a func-
tion of automatically extracting contour images of a blood
vessel from a plurality of ultrasound images that are obtained
by scanning the blood vessel by using an ultrasound probe. In
addition, the ultrasound diagnostic device 2300 also has a
function allowing a user of the ultrasound diagnostic device
2300 to manually correct the blood vessel contour images that
have been automatically extracted.

[0048] The contour extraction unit 2301 extracts contour
images of a blood vessel from a plurality of ultrasound images
that are obtained from spatially-successive examination posi-
tions. Further, the contour extraction unit 2301 inputs the
blood vessel contour images so extracted to the display unit
2305.

[0049] The display unit 2305 displays the blood vessel
contour image having been automatically extracted so as to be
overlaid on the ultrasound images. The user, by referring to
what is output by the display unit 2305, checks whether ornot
one or more of the blood vessel contour images having been
automatically extracted need to be corrected. When judging
that a given one of the blood vessel contour images needs to
be corrected, the user specifies a corresponding one of the
ultrasound images with respect to which correction is to be
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performed by using the specification unit 2302. As described
in the following, the manual correction unit 2303 performs
correction of the blood vessel contour image in the ultrasound
image that the user specifies by using the specification unit
2303. After the correction, the display unit 2305 displays the
corrected blood vessel contour image.

[0050] The manual correction unit 2303 corrects the blood
vessel contour image included in the ultrasound image speci-
fied by the specificationunit 2302 according to user input, and
stores the result of the correction to the post-correction con-
tour memory 2304.

[0051] FIG. 24 is a flowchart illustrating the operations of
the ultrasound diagnostic device 2300.

[0052] In Step S2401, the contour extraction unit 2301
automatically extracts blood vessel contour images from
ultrasound images.

[0053] In Step S2402, the specification unit 2302 selects an
ultrasound image including a blood vessel contour image that
1s to be manually corrected. This selection is made according
to a result of the user referring to the blood vessel contour
images having been automatically extracted.

[0054] In Step S2403, the manual correction unit 2303
corrects the blood vessel contour image included in the ultra-
sound image selected by the specification unit 2302 accord-
ing to user input. Following this point, the processing in Steps
$2302 and S2303 is repeated until correction has been per-
formed with respect to all of the ultrasound images that
require manual correction.

[0055] Here, it should be noted that the ultrasound diagnos-
tic device 2300 needs to perform manual correction (contour
correction according to user input) with respect to each and
every ultrasound image that requires contour correction.
(Note that in the following, an ultrasound image is also
referredto as a “frame”.) Here, it should be noted that in many
cases, a contour of a blood vessel changes continuously
between frames obtained from spatially-adjacent examina-
tion positions. Due to this, when performing automatic
extraction of blood vessel contour images as described above,
if the extraction of a blood vessel contour image from a given
frame fails, it is quite likely that the extraction of blood vessel
contour images from frames close to the given frame, which
are obtained from examination positions close to the exami-
nation position from which the given frame is obtained, also
fails. When such a situation occurs, manual correction needs
to be performed with respect to many frames, and thus, a great
amount of time is required for the correction to be completed.
Note that in the present disclosure, the relationship between
frames (ultrasound images) may be indicated by referring to
the positional relationship between the examination positions
from which the frames (ultrasound images) are obtained. For
example, frames obtained from spatially-adjacent examina-
tion positions may be referred to as adjacent frames, and
frames obtained from examination positions close to one
another may be refetred to as neighboring frames.

[0056] FIG. 25 is an explanatory diagram illustrating a
problem with the ultrasound diagnostic device 2300. Portion
(a) of FIG. 25 shows a group of frames determined as requir-
ing contour correction. More specifically, portion (a) of FIG.
25 illustrates an example where a plurality of spatially-suc-
cessive frames are selected. In the example illustrated in
portion (a) of FIG. 25, the user, who may be a medical prac-
titioner or an engineer performing examination, needs to per-
form manual correction processing, illustration of which is
provided in portion (b) of FIG. 25, with respect to each and
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every one of the selected frames. Thus, the amount of labor on
the side of the user is great, which is one problem with the
ultrasound diagnostic device 2300.

[0057] In view of the above, the present disclosure pro-
vides, as one aspect thereof, an ultrasound diagnostic device
that accurately extracts contour images of an organ from a
plurality of diagnostic images in a relatively short amount of
time.

[0058] Oneaspect of the present disclosure is an ultrasound
diagnostic device including: a contour extraction unit config-
ured to extract a first contour image from each of a plurality of
ultrasound images obtained from spatially-successive exami-
nation positions and each including an image of an organ, a
contour image extracted from an ultrasound image being an
image indicating a contour of the organ and being extracted
from an image of the organ appearing in the ultrasound
image; a specification unit configured to receive, from a user
of the ultrasound diagnostic device, specification information
specifying a manual correction target ultrasound image
among the ultrasound images and correction information
indicating details of a manual correction that the user pet-
forms with respect to a first contour image extracted from the
manual correction target ultrasound image; and a contour
correction unit configured to correct the first contour image
extracted from the manual correction target ultrasound image
according to the correction information to obtain a corrected
first contour image. In the ultrasound diagnostic device, the
contour extraction unit is further configured to extract a sec-
ond contour image from a target ultrasound image among the
ultrasound images by using information indicating the cor-
rected first contour image, the target ultrasound image differ-
ing from the manual correction target image.

[0059] According to the ultrasound diagnostic device per-
taining to one aspect of the present disclosure, when correc-
tion based on user specification (manual correction) is per-
formed with respect to a first contour image of an organ
extracted from a manual correction target ultrasound image
among a plurality of ultrasound images, extraction of a sec-
ond contour image from an ultrasound image other than the
manual correction target ultrasound image is performed
according to the result of the manual correction. Thus, the
ultrasound diagnostic device pertaining to one aspect of the
present disclosure extracts a second contour image from an
ultrasound image other than the manual correction target
ultrasound image while applying the result of the manual
correction performed by the user. That is, compared to con-
ventional technology that requires users to perform manual
correction with respect to each of a plurality of ultrasound
images and thus necessitates a great amount of labor and time,
the ultrasound diagnostic device pertaining to one aspect of
the present disclosure reduces the amount of labor and time
required for correcting ultrasound images. Thus, the ultra-
sound diagnostic device pertaining to one aspect of the
present disclosure more accurately extracts contour images of
an organ from a plurality of diagnostic images in a relatively
short amount of time.

[0060] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the contour extraction unit
may extract the second contour image from the target ultra-
sound image by performing a search with respect to the target
ultrasound image among the ultrasound images by using the
information indicating the corrected first contour image as an
initial contour image.
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[0061] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure uses a cot-
rected first contour image, obtained as a result of a user
performing manual correction, as an initial contour image
when extracting a second contour image from an ultrasound
image other than a manual correction target ultrasound
image. Thus, the ultrasound diagnostic device pertaining to
one aspect of the present disclosure extracts contour images
that are even more accurate.

[0062] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the manual correction target
ultrasound image and the target ultrasound image may be
obtained from adjacent examination positions.

[0063] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure extracts,
while applying a result of manual correction, a second con-
tour image from an ultrasound image that is obtained from an
examination position close to an examination position from
which a manual correction target ultrasound image is
obtained. A contour image included in an ultrasound image
that is obtained from an examination position close to an
examination position from which a manual correction target
ultrasound image is obtained is likely to have a shape similar
to that of a contour image included in the manual correction
target ultrasound image. Thus, the ultrasound diagnostic
device pertaining to one aspect of the present disclosure
extracts contour images that are even more accurate.

[0064] Inother words, in correcting contour images that are
automatically extracted from a plurality of ultrasound
images, the ultrasound diagnostic device pertaining to one
aspect of the present disclosure, when a contour image in one
frame is corrected, performs correction of an adjacent frame
by auwtomatically extracting a contour image from the adja-
cent frame. Thus, the ultrasound diagnostic device pertaining
to one aspect of the present disclosure achieves a great reduc-
tion in time required for correction. Thus, the ultrasound
diagnostic device pertaining to one aspect of the present
disclosure more accurately extracts contour images of an
organ from a plurality of diagnostic images in a relatively
short amount of time.

[0065] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the contour extraction unit
may extract the contour image obtained as the result of per-
forming the search with respect to the target ultrasound image
as the second contour image only when the contour image
obtained as the result of performing the search with respect to
the target ultrasound image and a first contour image
extracted from the target ultrasound image differ in shape by
at least a predetermined level.

[0066] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure, when
extracting a second contour image from a target ultrasound
image by applying the result of manual correction, uses the
second contour image as the result of the extraction when the
second contour image and a first contour image initially
extracted from the target ultrasound image differ in shape by
at least the predetermined level. Meanwhile, the ultrasound
diagnostic device pertaining to one aspect of the present
disclosure, when the second contour image and the first con-
tour image extracted from the target ultrasound image do not
differ in shape by at least the predetermined level, uses the
first contour image extracted from the target ultrasound image
as the result of the extraction. Thus, the ultrasound diagnostic
device pertaining to one aspect of the present disclosure uses
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the second contour image as the result of the extraction only
when the difference between the second contour image and
the first organ contour image is great.

[0067] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the contour extraction unit
may be further configured to (i) perform the search with
respect to another target ultrasound image among the ultra-
sound images by using information indicating the second
contour image extracted from the target ultrasound image as
an initial contour image, and (i1) extract, from the other target
ultrasound image, a contour image obtained as a result of
performing the search with respect to the other target ultra-
sound image as a second contour image extracted from the
other ultrasound image, the other target ultrasound image
differing from the manual correction target ultrasound image
and the target ultrasound image.

[0068] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure extracts a
second contour image from another target ultrasound image
while applying the result of correction performed with
respect to the target ultrasound image. The target ultrasound
image is corrected while applying the result of manual cor-
rection. Thus, the ultrasound diagnostic device pertaining to
one aspect of the present disclosure more accurately extracts
contour images of an organ from a plurality of diagnostic
images in a relatively short amount of time.

[0069] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the target ultrasound image
and the other target ultrasound image may be obtained from
adjacent examination positions.

[0070] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure extracts a
second contour image from another target ultrasound image
while applying the result of correction performed with
respect to the target ultrasound image. The other target ultra-
sound image is obtained from an examination position close
to an examination position from which the target ultrasound
image is obtained.

[0071] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the contour extraction unit
may perform multiple iterations of the search, each time
processing a different one of the plurality of ultrasound
images, the contour extraction unit performing the search
starting from the target ultrasound image, which is closest in
terms of examination position to the manual correction target
ultrasound image, and subsequently processing, one by one,
other ones of the ultrasound images in order of closeness, in
terms of examination position, to the manual correction target
ultrasound image, and when performing a given iteration of
the search, the contour extraction unit may use a contour
image obtained as a result of performing a previous iteration
of the search as an initial contour image.

[0072] Further, in the ultrasound diagnostic device pertain-
ing to one aspect of the present disclosure, the contour extrac-
tion unit may perform multiple iterations of the search while
a contour image obtained as a result of performing a present
iteration of the search and a first contour image extracted from
one of the ultrasound images processed in the present itera-
tion of the search differ in shape by at least the predetermined
level.

[0073] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure extracts a
contour image from each of a plurality of ultrasound images,
one image at a time in order of closeness, in terms of exami-
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nation position, to a manual correction target ultrasound
image, and in each iteration of the extraction, uses the result
of the extraction performed in a previous iteration of the
search for extracting a contour image in a present iteration.
[0074] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure. the organ may be a blood
vessel, and a contour image extracted by the contour extrac-
tion unit from an ultrasound image may indicate a contour of
a layer of the blood vessel.

[0075] Further, in the ultrasound diagnostic device pertain-
ing to one aspect of the present disclosure, the organ may be
ablood vessel, and a contour image extracted by the contour
extraction unit from an ultrasound image may indicate a
contour of a tunica intima or a tunica adventitia of the blood
vessel.

[0076] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure corrects a
contour image of a blood vessel, or corrects a contour image
of the tunica intima or the tunica adventitia.

[0077] Further, in the ultrasound diagnostic device pertain-
ing to one aspect of the present disclosure, the contour extrac-
tion unit may perform multiple iterations of the search, each
time processing a different one of the plurality of ultrasound
images, the contour extraction unit performing the search
starting from the target ultrasound image, which is closest in
terms of examination position to the manual correction target
ultrasound image, and subsequently processing, one by one,
other ones of the ultrasound images in order of closeness, in
terms of examination position, to the manual correction target
ultrasound image, and the contour extraction unit may per-
form multiple iterations of the search while a distance
between contour images of the tunica intima and the tunica
adventitia, obtained as a result of performing a present itera-
tion of the search, exceeds a predetermined threshold value.
[0078] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure extracts a
second contour image from each ultrasound image in which a
thickness of a blood vessel layer obtained as a result of the
extraction is greater than or equal to the predetermined
threshold value. That is, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure performs the
extraction of a second contour image only with respect 10 a
plaque portion of the blood vessel.

[0079] The ultrasound diagnostic device pertaining to one
aspect of the present disclosure may further include: a three-
dimensional image generation unit that generates a three-
dimensional image of the organ by combining contour
images of the organ extracted from the ultrasound images by
the contour extraction unit according to respective examina-
tion positions from which the ultrasound images are obtained.
[0080] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure generates a
three-dimensional image of a blood vessel by combining
corrected blood vessel contour images. Thus, a three-dimen-
sional shape of a blood vessel is presented to a user of the
ultrasound diagnostic device, whereby the user is able to
intuitively recognize a contour of the organ.

[0081] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the specification unit may
receive, from the user as the correction information, addi-
tional contour information indicating a contour image corre-
sponding to another image of the organ appearing in the
manual correction target ultrasound image, and the contour
correction unit may correct the manual correction target ultra-
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sound image by creating the contour image corresponding to
the other image of the organ in the manual correction target
ultrasound image.

[0082] According to this, even when there exists a contour
of a blood vessel that the ultrasound diagnostic device is not
capable of initially extracting, a blood vessel contour image is
newly created according to user specification.

[0083] Inthe ultrasound diagnostic device pertaining to one
aspect of the present disclosure, the contour extraction unit
may be further configured to, when two or more contour
images overlap one another in the manual correction target
ultrasound image after the correction by the contour correc-
tion unit, merge the two or more overlapping contour images
into a single contour image, and extract the single contour
image from the manual correction target ultrasound image.
[0084] According to this, when a blood vessel contour
image newly created according to user specification overlaps
with another blood vessel contour image, the ultrasound diag-
nostic device forms a blood vessel contour image by treating
the two blood vessel contour images as a single blood vessel
contour image.

[0085] In the ultrasound diagnostic device, when (i) the
specification information received by the specification unit
specifies, from among the ultrasound images, each of a first
ultrasound image including one image of the organ and a
second ultrasound image including two images of the organ
as the manual correction target ultrasound image, and (ii) the
correction information received by the specification unit is
additional contour information indicating one contour image
corresponding to the one image of the organ in the first ultra-
sound image and two contour images corresponding to the
two images of the organ in the second ultrasound image, the
contour correction unit may correct the first ultrasound image
by creating the one contour image according to the correction
information and correct the second ultrasound image by cre-
ating the two contour images according to the correction
information.

[0086] According to this, the ultrasound diagnostic device
pertaining to one aspect of the present disclosure, when there
exists a contour of a Y-shaped blood vessel that is not initially
extracted, newly creates a contour image of the Y-shaped
blood vessel according to user specification.

[0087] Another aspect of the present disclosure is a contour
extraction method for an ultrasound diagnostic device, the
contour extraction method including: extracting a first con-
tour image from each of a plurality of ultrasound images
obtained from spatially-successive examination positions
and each including an image of an organ, a contour image
extracted from an ultrasound image being an image indicat-
ing a contour of the organ and being extracted from an image
of the organ appearing in the ultrasound image; receiving,
from a user of the ultrasound diagnostic device, specification
information specifying a manual correction target ultrasound
image among the ultrasound images and correction informa-
tion indicating details of a manual correction that the user
performs with respect to a first contour image extracted from
the manual correction target ultrasound image; and correcting
the first contour image extracted from the manual correction
target ultrasound image according to the correction informa-
tion to obtain a corrected first contour image. In the contour
extraction method pertaining to one aspect of the present
disclosure, in the extracting, in addition to the first contour
image being extracted from each of the ultrasound images, a
second contour image is extracted from a target ultrasound
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image among the ultrasound images by using information
indicating the corrected first contour image, the target ultra-
sound image differing from the manual correction target
image.

[0088] The contour extraction method pertaining to one
aspect of the present disclosure achieves the same effects as
the ultrasound diagnostic device pertaining to one aspect of
the present disclosure.

[0089] Various aspects as described above, which include
both those that are general and those that are specific, may be
implemented as a system, a method, an integrated circuit, a
computer program, or a computer-readable recording
medium such a CD-ROM, or may be implemented as a com-
bination of any of a system, a method, an integrated circuit, a
computer program, and a computer-readable recording
medium.

[0090] Inthe following, detailed description is provided on
embodiments of the present disclosure, with reference to the
accompanying drawings.

[0091] Note that the embodiments merely provide descrip-
tion on examples, which include both those that are general
and those that are specific. Thus, the numbers, the shapes, the
materials, the constituent elements, the arrangement of the
constituent elements, the connection between the constituent
elements, the steps, the order in which steps are performed,
etc., described in the embodiments should be construed as
being non-limiting examples. Further, beside those recited in
the independent claims, which describe the broadest of con-
cepts, constituent elements appearing in the embodiments are
to be construed as being optional.

Embodiment 1

[0092] Inthe following, description is provided onan ultra-
sound diagnostic device and a method pertaining to embodi-
ment 1, with reference to the accompanying drawings. An
ultrasound diagnostic device 1 pertaining to embodiment 1
automatically extracts blood vessel contour images from a
plurality of spatially-successive ultrasound images. The
ultrasound diagnostic device 1 is characterized for perform-
ing correction of the blood vessel contour images such that,
when a user manually corrects a given frame, the ultrasound
diagnostic device 1 automatically corrects a plurality of
neighboring frames by newly extracting blood vessel contour
images from the neighboring frames. Note that in the present
embodiment, description is provided while taking a blood
vessel as one example of an organ, and while taking a blood
vessel contour image as one example of a contour image of an
organ.

[0093] FIG.1isablock diagram illustrating the structure of
the ultrasound diagnostic device 1. As illustrated in FIG. 1,
the ultrasound diagnostic device 1 includes: a contour extrac-
tion unit 101; a specification unit 102; a manual correction
unit 103; a target setting unit 104; a correction information
generation unit 105; a post-correction contour memory 106;
and a display unit 107.

[0094] The contour extraction unit 101 extracts blood ves-
sel contour images (pre-correction contour images “preEdit”)
from a plurality of spatially-successive ultrasound images.
The contour extraction is performed by first setting an initial
contour image as a blood vessel contour image, and by itera-
tively updating the blood vessel contour image until the blood
vessel contour image reaches either the tunica intima bound-
ary or the tunica adventitia boundary of the blood vessel.
Here, an initial contour image is an image indicating the
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approximate position and shape of the blood vessel. More
specifically, an initial contour image in a given frame may be
set according to (i) ultrasound blood flow information, (ii) a
result of contour extraction performed with respect to a spa-
tially-adjacent frame, or (iii) a specification made by the user
of a specific area within the blood vessel. As the blood flow
information, ultrasound color flow information, ultrasound
power Doppler information, or ultrasound pulse Doppler
information may be used. Typically, the closer an initial con-
tour image set to a frame is to the actual contour of the blood
vessel appearing in the frame, the more correct the blood
vessel contour image extracted from the frame as a result of
contour extraction is.

[0095] Forexample, the contour extraction unit 101 sets an
initial contour image by regarding an area of a power Doppler
image where signal intensity equals or exceeds a predeter-
mined threshold value as an area where blood flow exists. The
contour extraction unit 101, based on an initial contour image
set to a given frame as described above, performs a search for
the contour of the blood vessel in the given frame by employ-
ing an active contour method such as “Snakes” or the Level
Set Method. Specifically, the contour extraction unit 101
searches for the contour of the tunica intima of the blood
vessel or a contour of the tunica adventitia of the blood vessel,
as the contour of the blood vessel. Here, note that the method
according to which the search is performed is not particularly
limited to an active contour method. That is, for example, the
contour extraction unit 101 may perform contour extraction
by searching for edges starting from an initial contour image
and proceeding to areas located further inside or further out-
side the initial contour image as the search progresses. In such
a case, the iterative updating of a blood vessel contour image
need not be performed. Alternatively, an initial contour image
may be, for example, information indicating a position of the
contour of the blood vessel, such as a contour point (one point
along the contour of the blood vessel).

[0096] The display unit 107 displays the contour images
extracted by the contour extraction unit 101. For example, the
display unit 107 displays the extracted contour images (pre-
correction contour images “preEdit”) so as to be overlaid on
the ultrasound images. The user, by referring to what is dis-
played by the display unit 107, checks whether or not one or
more of the blood vessel contour images extracted by the
contour extraction unit 101 need to be corrected. When judg-
ing that a given one of the blood vessel contour images
extracted by the contour extraction unit 101 needs to be
corrected, the user manually corrects the given blood vessel
contour image. In the following, description is provided on
the functions of the functional blocks of the ultrasound diag-
nostic device 1 when the ultrasound diagnostic device 1 per-
forms manual correction.

[0097] The specification unit 102 receives, from the user,
specification information and correction information. The
specification information specifies a frame (a manual correc-
tion target ultrasound image) with respect to which manual
correction ofa blood vessel contourimage is to be performed.
The correction information specifies the details of the correc-
tion to be performed with respect to the specified frame.
[0098] The manual correction unit 103 corrects a blood
vessel contour image in the frame specified by the specifica-
tion information received from the user according to the cor-
rection information received from the user. Further, the
manual correction unit 103 stores the result of the correction
to the post-correction contour memory 106. In addition, the
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manual correction unit 103 inputs, to the target setting unit
104, information identifying the frame with respect to which
manual correction has been performed.

[0099] The target setting unit 104 specifies a frame (a target
ultrasound image) with respect to which correction of a con-
tour image (extraction of a second blood vessel contour
image) is to be performed. Here, the target setting unit 104
specifies a frame close to the frame with respect to which
manual correction has been performed. Further, the target
setting unit 104 inputs identification information “idx” iden-
tifying the specified frame to the correction information gen-
eration unit 105,

[0100] Thecorrection information generation unit 105 gen-
erates a correction initial contour image “editInf” that is to be
used as initial information in the correction of the blood
vessel contour image in the frame corresponding to the iden-
tification information “idx”. Further, the correction informa-
tion generation unit 105 outputs the correction initial contour
image “editInf” to the contour extraction unit 101.

[0101] The contour extraction unit 101 extracts a blood
vessel contour image from the frame corresponding to the
identification information “idx”, this time according to the
correction initial contour image “editInf”. Further, the con-
tour extraction unit 101 stores the blood vessel contour image
so extracted to the post-correction contour memory 106 as a
post-correction contour image “postEdit”.

[0102] The display unit 107 refers to the post-correction
contour memory 106 and displays information on the post-
correction contour image.

[0103] Here, it should be noted that the closer the shape of
an initial contour image is to the actual shape of the contour of
the blood vessel appearing in the frame, the more readily a
correct blood vessel contour image is extracted from the
frame. By using the result of manual correction, setting is
possible of an initial contour image having a shape close to
the actual shape of the contour of the blood vessel to a given
frame. Thus, the accuracy when performing contour extrac-
tion increases, and accordingly, a contour image correctly
indicating the shape of the contour of the blood vessel appeat-
ing in the image is obtained.

[0104] FIG. 2 is a flowchart illustrating the operations of
the ultrasound diagnostic device 1.

[0105] In Step S101, the contour extraction unit 101 auto-
matically extracts blood vessel contour images from a plural-
ity of ultrasound images that are input.

[0106] In Step S102, the specification unit 102 receives,
from the user, specification information for specifying a
frame (a manual correction target ultrasound image) with
respect to which manual correction of a contour image is to be
performed and correction information for the specified frame.
The specification unit 102 specifies the frame with respect to
which manual correction of a contour image is to be per-
formed by referring to the blood vessel contour images that
are extracted by the contour extraction unit 101 in Step S101.
[0107] In Step S103, the manual correction unit 103 per-
forms manual correction of a blood vessel contour image
included in the specified frame according to the correction
information received from the user.

[0108] Subsequently, through the execution of Steps S104
through S107, the ultrasound diagnostic device 1 performs
automatic correction of a blood vessel contour image in a
frame close to the frame with respect to which manual cor-
rection is performed in Step S103. In the following, detailed
explanation is provided of each of Steps S104 through S107.
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[0109] 1In Step S104, the target setting unit 104 specifies an
automatic cotrectiontarget frame (atarget ultrasound image),
which is a frame with respect to which automatic correction
of ablood vessel contour image (extraction of a second blood
vessel contour image) is to be performed. For example, the
target setting unit 104 specifies, as automatic correction target
frames, frames that are spatially-close to the manual correc-
tion frame (the frame with respect to which manual correction
is performed in Step S103), one-by-one in the order of close-
ness to the manual correction frame. Here, note that the target
setting unit 104 may specify one of the ultrasound images that
are input as the automatic correction target frame. Further, the
target setting unit 104 may specify, as the automatic correc-
tion target frame, one or more of the input ultrasound images
that are each obtained from a position that is within a prede-
termined distance from an examination position from which
the manual correction frame is obtained.

[0110] In Step S105, the correction information generation
unit 105 generates a correction initial contour image “editInf”
corresponding to the automatic correction target frame
according to the result of manual correction or a blood vessel
contour image resulting from a past iteration of automatic
correction.

[0111] In Step S106, the contour extraction unit 101 per-
forms contour extraction with respect to the automatic cor-
rection target frame according to the correction initial contour
image “editInf”, and calculates the shape of the blood vessel
contour image extracted as a result of the automatic correc-
tion.

[0112] Here, note that the extraction of a blood vessel con-
tour image performed in Step S101 and the extraction of a
blood vessel contour image performed in Step S106 differ at
least in terms of the initial contour image used. However,
other parameters may also be provided with different values
between Step S101 and Step S106. For example, when using
brightness information of ultrasound B-mode images for the
detection of contour images, the detection of a contour image
is typically performed by applying a threshold to the amount
of change in brightness observed near the contour, and fur-
ther, while taking into consideration factors such as the con-
tinuity with neighboring contour. According to this, in the
automatic extraction of contour images, it is likely that the
actual contour exists near an initial contour indicated by
correction initial contour image “editInf”. Thus, when per-
forming automatic extraction, estimation can be performed of
the amount of change in brightness to be observed near the
contour according to the distribution of brightness near the
initial contour image, and the value obtained through such
estimation can be used in the extraction of a blood vessel
contour image. Note that the term “actual contour” refers to a
contour image that correctly indicates the contour of the
blood vessel appearing in an ultrasound image.

[0113] In Step S107, the target setting unit 104 determines
whether or not the difference in shape of the contour image
extracted from the automatic correction target frame before
and after the automatic correction is equal to or smaller than
a predetermined threshold value. When it is determined in
Step S107 that the difference in shape of the contour image
before and after the automatic correctionis equal to or smaller
than the predetermined threshold value, automatic correction
is terminated. In contrast, when it is determined in Step S107
that the difference in shape of the contour image before and
after the automatic correction exceeds the predetermined
threshold value, a determination is made that automatic cor-
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rection needs to be performed with respect to subsequent
frames, and thus, processing returns to Step S104. Note thatin
the present disclosure, the relationship between frames, in
addition to being indicated by referring to the positional rela-
tionship thereof, is also indicated by referring to the chrono-
logical order in which the frames are processed. For example,
when taking two frames that are processed successively, one
frame may be referred to as a previous or subsequent frame
with respect to the other. Here, note that the determination in
Step S107 of whether or not to terminate automatic correction
may be performed according to other conditions. For
example, the determination may be performed according to
whether or not automatic correction has been performed with
respect to a predetermined number of frames. Further, note
that ultrasound images from each of which a blood vessel
contour image has already been extracted may be input to the
ultrasound diagnostic device 1. In such a case, the processing
in Step S101 would become unnecessary, due to information
related to the shapes of the contour images extracted in
advance from the ultrasound images being input along with
the ultrasound images. Further, note that the processing in
Step S107 is not always necessary. In other words, modifica-
tion may be made such that the determination in Step S107 is
not performed. When making such a modification, the ultra-
sound diagnostic device 1, according to a result of manual
correction performed with respect to one ultrasound image,
extracts a second blood vessel contour image from only one
other ultrasound image. Alternatively, a modification may be
made such that, instead of the determination in Step S107, a
determination is performed of whether or not the extraction of
asecond blood vessel contour image has been performed with
respect to each and every one of the ultrasound images
obtained. When making such a modification, the ultrasound
diagnostic device 1, according to a result of manual correc-
tion performed with respect to one ultrasound image, extracts
asecond blood vessel contour image from each and every one
of the ultrasound images other than the ultrasound image with
respect to which the manual correction is performed.

[0114] Note that with reference to the flowchart in FIG. 2,
explanation is provided on a method of automatically correct-
ing, one-by-one, frames existing in either a positive direction
or a negative direction from the manual correction frame
along the direction in which the blood vessel runs, in the order
of closeness to the manual correction frame. Alternatively, a
modification may be made such that frames existing in both
the positive direction and the negative direction from the
manual correction frame are automatically corrected one-by-
one, in the order of closeness to the manual correction frame.
When making such a modification, the processing in Steps
S104 through S107 is performed for each frame in each of the
positive direction and the negative direction from the manual
correction frame, until the difference in shape of the contour
image extracted from the automatic correction target frame
before and after the automatic correction equals or falls below
the predetermined threshold value.

[0115] FIG. 3 is a flowchart illustrating processing in Step
S105.
[0116] In Step S1051, the correction information genera-

tion unit 105 determines whether or not the frame immedi-
ately preceding the automatic correction target frame is the
manual correction frame. When it is determined that the
frame immediately preceding the automatic correction target
frame is the manual correction frame, the blood vessel con-
tour image in the manual correction frame is set as the cor-
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rection initial contour image “editInf” (Step S1052). Mean-
while, when it is determined that the frame immediately
preceding the automatic correction target frame is not the
manual correction frame, the result of automatic correction of
the contour image in the immediately preceding frame is set
as the correction initial contour image “editInf” (Step S1053).
In the above, in Steps S1052 and S1053, the corrected contour
image of the manual correction frame or a contour image
obtained as a result of automatic correction performed with
respect to the immediately preceding frame isused as-is as the
correction initial contour image “editInf” for the automatic
correction target frame. However, a modification may be
made such that (i) processing is performed of shifting the
position of the contour image to be set as the initial contour
image according to motion information indicating the move-
ment between the immediately preceding frame and the auto-
matic correction target frame or (ii) the change in the shape of
the blood vessel wall between the immediately preceding
frame and the automatic correction target frame is taken into
consideration by detecting changes in pulsation between the
frames.

[0117] Note that the ultrasound diagnostic device 1 may
perform manual correction with respect to a plurality of
frames. In such a case, when manual correction is performed
with respect to multiple frames obtained from examination
positions that are close to one another, there may be cases
where the range of frames that are to be automatically cor-
rected following manual correction of a given frame overlaps
that for another frame. For instance, consider a case where
manual correction is performed with respect to a 107 frame
anda 15” frame. In such a case, when a configuration is made
such that automatic correction is to be performed with respect
to three frames preceding a manual correction frame and three
frames succeeding the manual correction frame, the same
frames (the 12 frame and the 13” frame) are included in both
(1) the range of frames that are to be automatically corrected
following manual correction of the 10” frame and (ii) the
range of frames that are to be automatically corrected follow-
ing manual correction of the 15% frame. In such a case where
the ranges of frames that are to be automatically corrected for
different manual correction frames overlap one another, a
modification may be made such that automatic correction
results obtained due to automatic correction being performed
following manual correction of a manual correction frame is
provided with different weights according to, for example,
the spatial distance from the manual correction frame.

[0118] Further, although the present disclosure does not
particularly restrict the manner in which the selection of a
manual correction frame is to be performed, when correction
needs to be performed with respect to a group of spatially-
successive frames, a frame located near the center of the
group may be selected as a manual correction frame. This is
since the accuracy of automatic correction is higher for
frames closer to the manual correction frame. Further, when
correction needs to be performed with respect to a group of
spatially-successive frames, the accuracy of automatic cor-
rection further improves when performing manual correction
with respect to more than one frame in the group of frames.

[0119] In the above, description is provided on extraction
and correction of blood vessel contour images without dis-
tinguishing between the tunica intima and the tunica adven-
titia of a blood vessel. For example, when examination is
performed for detecting arteriosclerosis of the abdominal
aorta, measurement is only performed of the diameter of the
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outer circumference of the tunica adventitia in many cases.
Thus, in such a case, correction may be performed after
extracting only contour images of the outer circumference of
the tunica adventitia. Meanwhile, when examination is pet-
formed for detecting arteriosclerosis of the carotid artery, it is
necessary to perform measurement of the thickness of the
intima-media. Thus, in such a case, correction may be pet-
formed after extracting contour images of both the tunica
intima boundary and the tunica adventitia boundary (i.e., the
boundary of the inner circumference of the tunica adventitia).
[0120] FIG. 4 is a flowchart illustrating processing per-
formed with respect to both the tunica intima boundary and
the tunica adventitia boundary.

[0121] In Step S111, the contour extraction unit 101
extracts a contour image of the tunica intima (hereinafter
referred to as an “tunica intima contour image”) and a contour
image of the tunica adventitia (hereinafter referred to as an
“tunica adventitia contour image”) from each of a plurality of
ultrasound images that are input. Here, the contour extraction
unit 101 may perform the extraction of tunica intima contour
images and the extraction of tunica adventitia contour images
according to different methods. For example, the contour
extraction unit 101 may extract, as a tunica intima contour
image, contour points obtained by shifting the result of con-
tour extraction performed with respect to the tunica adventitia
inwards by a predetermined thickness. Such a modification is
made taking into account the fact that in many cases, the
tunica intima is not clearly rendered in ultrasound images.
Further, after determining the thickness of the intima-media
in amanual correction frame according to the result of manual
correction performed with respect to a tunica intima contour
image and a tunica adventitia contour image, the contour
extraction unit 101 may apply the thickness of the intima-
media in the manual correction frame to adjacent frames such
that the thickness of the intima-media in the adjacent frames
gradually decreases as the distance from the manual correc-
tion frame increases. For example, the contour extraction unit
101 may determine the thickness of the intima-media in the
adjacent frames according to a Gaussian function. Here, note
that the thickness of the intima-media is set at multiple posi-
tions in the manual correction frame. For example, the thick-
ness of the intima-media may be set at each vertex of the
tunica adventitia or the tunica intima. Further, a modification
may be made such that when manual correction is performed
with respect to a plurality of frames, the thickness of the
intima-media in adjacent manual correction frames is propa-
gated, and further, such that weighting is provided when the
adjacent manual correction frames overlap one another.
[0122] In Step S112, the ultrasound diagnostic device 1
refers to the results of contour extraction performed with
respect to the tunica intima and tunica adventitia, and selects
a manual correction target frame. Further, the ultrasound
diagnostic device 1 determines whether or not correction is to
be performed of each of the tunica intima contour image and
the tunica adventitia contour image in the manual correction
target frame.

[0123] In Step S113, the ultrasound diagnostic device 1
corrects either the tunica intima contour image or the tunica
adventitia contour image in the manual correction target
frame, according to user specification.

[0124] Subsequently, in Steps S114 through S117, the
ultrasound diagnostic device 1 corrects either a tunica intima
contour image or a tunica adventitia contour image in an
automatic correction target frame. The correction performed
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in Steps S114 through S117 corresponds to the processing
illustrated in the flowchart in FIG. 2 being performed with
respect to both the inner image contour image and the tunica
adventitia contour image. However, the correction performed
in Steps S114 through S117 differs from the processing illus-
trated in the flowchart in FIG. 2 in terms of the condition
under which automatic correction is terminated and how cor-
rection initial information “editInf” is generated. In the fol-
lowing, detailed description is provided on such differences.

[0125] In Step S117, the ultrasound diagnostic device 1
determines whether or not automatic correction is to be ter-
minated. The ultrasound diagnostic device 1 calculates the
thickness of the intima-media in the automatic correction
target frame after the automatic correction according to the
one of the tunica intima contour image and the tunica adven-
titia contour image that is determined as the target of correc-
tion in Step S112. Subsequently, the ultrasound diagnostic
device 1 determines whether or not the thickness of the
intima-media so calculated is smaller than or equal to a pre-
determined threshold value. When determining that the thick-
ness of the intima-media is smaller than or equal to the pre-
determined threshold value, the ultrasound diagnostic device
1 terminates automatic correction. In contrast, when deter-
mining that the thickness of the intima-media is greater than
the predetermined threshold value, the ultrasound diagnostic
device 1 returns to the processing in Step S114. Here, as the
thickness of the intima-media, the maximum thickness of the
intima-media over the entire circumference of the blood ves-
sel may be used. Further, when it is desired to examine the
overall degree of thickening of the intima-media, an index
value such as the average thickness of the intima-media over
the entire circumference of the blood vessel or amedianof the
thickness of the intima-media over the entire circumference
of the blood vessel may be used as the thickness of the
intima-media. Further, the above-described threshold value
applied to the thickness of the intima-media is set to a certain
thickness that would necessitate a diagnosis that a plaque is
formed or that thickening of the intima-media has occurred.
Further, when performing the determination of whether ornot
to terminate automatic correction according to the thickness
of the intima-media, it is desirable that automatic correction
be performed with respect to both the tunica intima contour
image and the tunica adventitia contour image in the auto-
matic correction target image. As such, a modification may be
made such that: (i) the determination in Step S117 is pet-
formed according to the thickness of the intima-media when,
at the point of determination, both the tunica intima contour
image and the tunica adventitia contour image in the auto-
matic correction target image have been automatically cor-
rected; and (ii) the determination in Step S117 is performed
according to the method used in making a determination of
termination in Step S107 in FIG. 2 when, at the point of
determination, only one of the tunica intima contour image
and the tunica adventitia image in the automatic correction
target image has been automatically corrected.

[0126] As such, when manual correction is performed with
respect to agiven frame included in a plaque region of a blood
vessel, the ultrasound diagnostic device 1 performs automatic
correction with respect to frames preceding and succeeding
the given frame, thereby correcting the contour of the entire
plaque region. Typically, the boundary of the contour of the
tunica intima tends to be unclear in ultrasound images
obtained from a plaque region, and thus, detection of the
contour of the tunica intima in such ultrasound images is
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difficult. Due to this, cases frequently occur where tunica
intima contour images are not correctly extracted from such
ultrasound images. In view of such a problem, the above-
described method is effective since the contour of the entire
plaque region is corrected.

[0127] Note that in the contour extraction performed in
Step S111, when a region of the blood vessel that is actually
in the normal state (i.e., the state of the blood vessel where
thickening of the intima-media has not taken place) is erro-
neously detected as being in a state where thickening of the
intima-media has taken place, the thickness of the intima-
media is detected to be greater than it actually is. In view of
such a case, a modification may be made such that the thick-
ness of the intima-media at such a region is reduced through
the correction. In such a case, modification may be made such
that, instead of performing the determination of termination
as described in Step S117, the determination of termination is
performed by using the method described in Step S107 in
FIG. 2. Alternatively, modification may be made such that the
determination of termination is made by using both the deter-
mination of termination described in Step S117 and the
method described in Step S107 in FIG. 2.

[0128] Each of FIGS. 5A and 5B is a flowchart illustrating
a method of generating correction initial information “edit-
Inf”, which is used in performing automatic correction of a
tunica intima contour image and a tunica adventitia contour
image in Step S115. The method illustrated in FIG. 5A and
the method illustrated in FI1G. 5B differ from one another, and
in the following, description is provided on each of the meth-
ods.

[0129] First, description is provided on the flowchart in
FIG. 5A.
[0130] In Step S1151, a determination is made of whether

or not to perform automatic correction of the tunica intima
contour image in the automatic correction target frame. When
determined that automatic correction of the tunica intima
contour image is to be performed, processing proceeds to
Step S1152. Meanwhile, when determined that automatic
correction of the tunica intima contour image is not to be
performed, processing proceeds to Step S1153.

[0131] In Step S1152, correction initial information “edit-
Inf” to be used in the automatic correction of the tunica intima
contour image of the automatic correction target frame is
generated according to the shape indicated by a tunica intima
contour image obtained as a result of correction.

[0132] 1In Step S1153, a determination is made of whether
or not to perform automatic correction of the tunica adventitia
contour imagge in the automatic correction target frame. When
determined that automatic correction of the tunica adventitia
contour image is to be performed, processing proceeds to
Step S1154. Meanwhile, when determined that automatic
correction of the tunica adventitia contour image is not to be
performed, processing is terminated.

[0133] In Step S1154, correction initial information “edit-
Inf” to be used in the automatic correction of the tunica
adventitia contour image of the automatic correction target
frame is generated based on the shape indicated by a tunica
adventitia contour image obtained as a result of manual or
automatic correction.

[0134] Next, description is provided on the flowchart in
FIG. 5B.
[0135] In Step S115¢, a determination is made of whether

or not to perform automatic correction of the tunica intima
contour image in the automatic correction target frame. When
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determined that automatic correction of the tunica intima
contour image is to be performed, processing proceeds to
Step S1155. Meanwhile, when determined that automatic
correction of the tunica intima contour image is not to be
performed, processing proceeds to Step S115¢.

[0136] 1In Step S1155, correction initial information “edit-
Inf” to be used in the automatic correction of the tunica intima
contour image in the automatic correction target image is
generated based on the shape indicated by a tunica intima
contour image obtained as a result of manual or automatic
correction.

[0137] In Step S115¢, a determination is made of whether
or notto perform automatic correction of the tunica adventitia
contour image in the automatic correction target frame. When
determined that automatic correction of the tunica adventitia
contour image is to be performed, processing proceeds to
Step S1154. Meanwhile, when determined that automatic
correction of the tunica adventitia contour image is not to be
performed, processing is terminated.

[0138] In Step S115d, a determination is made of whether
or not a determination is made to perform automatic correc-
tion of the tunica intima contour image in Step S115a. When
determined that a determination is made to perform automatic
correction of the tunica intima contour image, processing
proceeds to Step S115e. Otherwise, processing proceeds to
Step S115/

[0139] 1In Step S115e, correction initial information “edit-
Inf” to be used in the automatic correction of the tunica
adventitia contour image in the automatic correction target
image is generated according to information on automatic
correction of the tunica intima contour image. For example,
correction initial information “editInf” to be used in the auto-
matic correction of the tunica intima contour image in the
automatic correction target frame may be used as correction
information “editInf” to be used in the automatic correction
of the tunica adventitia contour image in the automatic cor-
rection target frame. Alternatively, by making a modification
such that automatic correction of the tunica intima contour
image in the automatic correction target frame is completed
before the execution of processing in Step S115e, in Step
S115e, the tunica intima contour image obtained as a result of
automatic correction may be used as correction information
“editInf” to be used in the automatic correction of the tunica
adventitia contour image in the automatic correction target
frame.

[0140] In Step S115f; correction initial information “edit-
Inf” to be used in the automatic correction of the tunica
adventitia contour image in the automatic correction target
frame is generated based on the shape indicated by a tunica
adventitia contour image obtained as a result of manual or
automatic correction.

[0141] Note that in the flowchart in FIG. 5B and the
description provided with reference to FIG. 5B, the “tunica
intima” and the “tunica adventitia” may be replaced with one
another.

[0142] FIG. 6 is a diagram explaining an example of the
manual correction. Portion (a) of FIG. 6 illustrates shapes of
a tunica intima contour image and a tunica adventitia contour
image before manual correction. Portion (b) of FIG. 6 illus-
trates the shape of the tunica intima contour image after
manual correction. Here, manual correction is performed of
correcting three vertices 1 through 3 of the tunica intima
contour image.
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[0143] 1In the manual correction, the user moves a plurality
of vertices set along a target contour image by using a touch
pen, a touch panel, or a user interface such as a mouse cursor.
Thus, the shape of the contour image after manual correction
is formed. Note that in the present disclosure, the term “cor-
rection information™ refers to information on vertices indi-
cating a shape of a contour image formed by manual correc-
tion, or to the contour image formed by manual correction.
[0144] Here, note that manual correction may be performed
by the user creating a contour image by tracing the contour
appearing in an image free-handedly, rather than by the user
correcting a contour image by moving vertices of the contour
image.

[0145] In FIG. 6, the tunica intima contour image and the
tunica adventitia contour image are each illustrated to have
eight vertices that are used in manual correction. Here, it
should be noted that when creating a contour image, a greater
or smaller number of vertices than used in manual correction
may be used to create the shape of the contour image.
[0146] Inthe following, vertices of a contour image that are
used in correction are referred to as “correction vertices”, and
vertices of'a contour image other than those used in correction
are referred to as “non-correction vertices”. Here, it should be
noted that the positions of the non-correction vertices can be
generated by performing interpolation with respect to the
correction vertices. For example, when generating one non-
correction vertex by performing interpolation with respect to
each adjacent pair of correction vertices, a total of sixteen
vertices can be obtained, and the shape of a contour image
may be formed by using such vertices when generating the
contour image. Alternatively, the positions of non-correction
vertices may be determined by generating an initial contour
image according to the positions of the correction vertices in
a contour image that has been corrected through manual
correction, and then performing contour extraction. In such a
case, the positions of the correction vertices are notupdated in
the contour extraction.

[0147] Eachof FIGS. 7A and 7B is an explanatory diagram
illustrating an example of processing in automatic correction
of tunica intima contour images.

[0148] FIG. 7A shows how neighboring frames are auto-
matically corrected when a frame N is manually corrected. In
specific, blood vessel contour images in four frames (N+1,
N+2, N+3, and N+4) in each of the positive direction and the
negative direction from the frame N are automatically cor-
rected.

[0149] FIG. 7B includes portions illustrating the shapes of
contour images in the automatic correction target frames,
before and after the automatic correction. Portion (a) of FIG.
7B illustrates a result of manual correction performed with
respect to frame N. The manual correction is performed with
respect to a tunica intima contour image in frame N. Portion
(b) of FIG. 7B illustrates the shapes of contour images in
frame N+1 before the automatic correction, and portion (c) of
FIG. 7B illustrates the shapes of contour images in frame N+1
after the automatic correction. In the automatic correction
performed with respect to frame N+1, a tunica intima contour
image is extracted from frame N+1 by using, as an initial
contour image, the tunica intima contour image obtained as a
result of the manual correction performed with respect to
frame N. Portion (d) of FIG. 7B illustrates the shapes of
contour images in frame N+2 before the automatic correction,
and portion (e) of FIG. 7B illustrates the shapes of contour
images in frame N+1 after the automatic correction. In the
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automatic correction performed with respect to frame N+2, a
tunica intima contour image is extracted from frame N+2 by
using, as an initial contour image, the tunica intima contour
image obtained as a result of the automatic correction pet-
formed with respect to frame N+1. As such, automatic cor-
rection is performed with respect to a given frame and a
contour image is extracted from the given frame according to
a shape of a contour image obtained as a result of manual
correction or automatic correction already performed with
respect to another frame.

[0150] FIG. 8is a diagram illustrating the effects achieved
by the ultrasound diagnostic device 1 pertaining to the present
embodiment. Portion (a) of FIG. 8 illustrates an example of a
selection of a manual correction target frame, and portion (b)
of FIG. 8 illustrates an example of manual correction pet-
formed with respect to the selected frame. Portion (c) of FIG.
8 illustrates how neighboring frames of the manual correction
frame are automatically corrected. The ultrasound diagnostic
device 1 differs from the ultrasound diagnostic device 2300
pertaining to conventional technology in that there is no need
of manually correcting each and every frame that needs to be
corrected. This is since the ultrasound diagnostic device 1,
when a given frame is manually corrected, automatically
corrects blood vessel contour images in neighboring frames
of the given frame. As such, the ultrasound diagnostic device
1 reduces the time required for contour correction by a great
extent. In addition, when different users perform manual cor-
rection, differences are likely to be observed in the contour
images obtained as a result of contour extraction and manual
correction depending upon which of the users performed the
manual correction. However, when automatically correcting
extracted contour images as described in the present embodi-
ment, the contour images obtained as result of contour extrac-
tion and automatic correction are stable, in the sense that not
so much of a difference is observed between the contour
images that are obtained.

[0151] As described above, the ultrasound diagnostic
device pertaining to the present embodiment, when correc-
tion based on user specification (manual correction) is per-
formed with respect to a first contour image of an organ
extracted from a manual correction target ultrasound image
among a plurality of ultrasound images, extraction of a sec-
ond contour image from an ultrasound image other than the
manual correction target ultrasound image is performed
according to the result of the manual correction. Thus, the
ultrasound diagnostic device pertaining to the present
embodiment extracts a second contour image from an ultra-
sound image other than the manual correction target ultra-
sound image while applying the result of the manual correc-
tion performed by the user. That is, compared to conventional
technology that requires users to perform manual correction
with respect to each of a plurality of ultrasound images and
thus necessitates a great amount of labor and time, the ultra-
sound diagnostic device pertaining to the present embodi-
ment reduces the amount of labor and time required for cor-
recting ultrasound images. Thus, the ultrasound diagnostic
device pertaining to the present embodiment more accurately
extracts contour images of an organ from a plurality of diag-
nostic images in a relatively short amount of time.

[0152] Further, the ultrasound diagnostic device pertaining
to the present embodiment uses a corrected first contour
image, obtained as a result of a user performing manual
correction, as an initial contour image when extracting a
second contour image from an ultrasound image other than a
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manual correction target ultrasound image. Thus, the ultra-
sound diagnostic device pertaining to the present embodi-
ment extracts contour images that are even more accurate.
[0153] Further, the ultrasound diagnostic device pertaining
to the present embodiment extracts, while applying the result
of manual correction, a second contour image from an ultra-
sound image that is obtained from an examination position
close to an examination position from which a manual cor-
rection target ultrasound image is obtained. A contour image
included in an ultrasound image that is obtained from an
examination position close to an examination position from
which a manual correction target ultrasound image is
obtained is likely to have a shape similar to that of a contour
image included in the manual correction target ultrasound
image. Thus, the ultrasound diagnostic device pertaining to
the present embodiment extracts contour images thatare even
more accurate.

[0154] Further, the ultrasound diagnostic device pertaining
to the present embodiment, when extracting a second contour
image from a target ultrasound image by applying the result
of manual correction, uses the second contour image as the
result of extraction when the second contour image and a first
contour image initially extracted from the target ultrasound
image differ in shape by at least the predetermined level.
Meanwhile, the ultrasound diagnostic device pertaining to the
present embodiment, when the second contour image and the
first contour image extracted from the target ultrasound image
do not differ in shape by at least the predetermined level, uses
the first contourimage as the result of the extraction. Thus, the
ultrasound diagnostic device pertaining to the present
embodiments uses the second contour image as the result of
the extraction only when the difference between the second
contour image and the first organ contour image is great.
[0155] Further, the ultrasound diagnostic device pertaining
to the present embodiment extracts a second contour image
from another target ultrasound image while applying the
result of correction performed with respect to the target ultra-
sound image. The target ultrasound image is corrected while
applying the result of manual correction. Thus, the ultrasound
diagnostic device pertaining to the present embodiment more
accurately extracts contour images of an organ from a plural-
ity of diagnostic images in a relatively short amount of time.
[0156] Further, the ultrasound diagnostic device pertaining
to the present embodiment extracts a second contour image
from another target ultrasound image while applying the
result of correction performed with respect to the target ultra-
sound image. The other target ultrasound image is obtained
from an examination position close to an examination posi-
tion from which the target ultrasound image is obtained.
[0157] Further, the ultrasound diagnostic device pertaining
to the present embodiment extracts a contour image from
each of a plurality of ultrasound images, one image at a time
in order of closeness, in terms of examination position, to a
manual correction target ultrasound image, and in each itera-
tion of the extraction, uses the result of the extraction per-
formed in a previous iteration of the search for extracting a
contour image in a present iteration.

[0158] Further, the ultrasound diagnostic device pertaining
to the present embodiment corrects a contour image of a
blood vessel, or corrects a contour image of the tunica intima
or the tunica adventitia.

[0159] Further, the ultrasound diagnostic device pertaining
to the present embodiment extracts a second contour image
from each ultrasound image in which a thickness of a blood
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vessel layer obtained as a result of the extraction is greater
than or equal to the predetermined threshold value. That is,
the ultrasound diagnostic device pertaining to one aspect of
the present disclosure performs the extraction of a second
contour image only with respect to a plaque portion of the
blood vessel.

Embodiment 2

[0160] Inthe following, description is provided onan ultra-
sound diagnostic device and a method pertaining to embodi-
ment 2, with reference to the accompanying drawings. An
ultrasound diagnostic device 2 pertaining to the present
embodiment differs from the ultrasound diagnostic device 1
in that the ultrasound diagnostic device 2 forms and displays
a 3D image of the blood vessel according to blood vessel
contour images in ultrasound images, before or after correc-
tion. In the following, description is provided on each of the
functions of the ultrasound diagnostic device 2 that are related
to the forming of a 3D image. Since the rest of the functions
of the ultrasound diagnostic device 2 are similar to those of
the ultrasound diagnostic device 1, the same reference signs
are provided to such functions and description thereon is
omitted.

[0161] FIG. 9isablock diagram illustrating the structure of
the ultrasound diagnostic device 2 pertaining to the present
embodiment. As illustrated in FIG. 9, the ultrasound diagnos-
tic device 2 includes: the contour extraction unit 101; the
specification unit 102; the manual correction unit 103; the
target setting unit 104; the correction information generation
unit 105; a post-correction contour memory 202; a 3D image
generation unit 201; and a display unit 203.

[0162] The 3D image generation unit 201 generates a 3D
image “3dIlmg” of a blood vessel according to pre-correction
contour images “preEdit” and location information “locInf”
indicating positions and orientations of the pre-correction
contour images “preEdit”. The location information “locInf”
is acquired when ultrasound images are acquired, either at the
same time as the ultrasound images are acquired or within a
short period of time before or after the acquisition of the
ultrasound images. For instance, the location information
“locInf™ is acquired by measuring a position and an orienta-
tion of an ultrasound probe when acquiring ultrasound
images by using a magnetic sensor, an acceleration sensor, a
gyroscope, a camera, etc. The ultrasound probe used for the
acquisition of ultrasound images may be a 2D probe capable
of acquiring 2D images or may be a 3D probe capable of
acquiring 3D images. Further, among various types of 3D
probes, the ultrasound probe used for the acquisition of ultra-
sound images may be an oscillation probe, which continu-
ously acquires 2D ultrasound images by performing scanning
while moving ultrasound transducers therein in an oscillating
motion, or a matrix prove, which includes ultrasound trans-
ducers disposed ina 2D arrangement. When using a 3D probe
as the ultrasound probe in the acquisition of ultrasound
images, the location information “locInf” is generated by
using the location information of the probe itself, and in
addition, by taking into consideration a position and an ori-
entation of a scan plane of the 3D probe when acquiring
ultrasound images.

[0163] Here, note that the generation of a 3D image may be
performed without acquiring location information by using
an external means such as a sensor. As one example, a 3D
image can be generated by acquiring ultrasound images by
moving a probe in one direction at a fixed speed while the
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probe performs scanning. In such a case, although the accu-
racy is low compared to the above-described case, a 3D image
can be generated since the relative positional relationship
between adjacent ultrasound images would remain constant.
As another example, if modeling of the shape of the exami-
nation subject is possible, the generation of a 3D image may
be performed such that the 3D image matches the model. For
example, a carotid artery typically has a Y shape. As such,
when the examination subject is a carotid artery, a 3D image
canbe formed by arranging blood vessel contour images so as
to form a Y shape in 3D. In the first example above, the
location information “locInf” is determined according to
scanning conditions, and in the second example, the location
information “locInf” is determined according to a model of
the shape of the examination subject.

[0164] Note that when correction of blood vessel contour
images has already been performed, re-generation of a 3D
image may be performed according to post-correction con-
tour images “postEdit”. Further, the post-correction contour
images “postBEdit” may be temporarily stored to the post-
correction contour memory 202. Note that the location infor-
mation “locInf” remains the same between post-correction
contour images “postEdit” and pre-correction contour images
“preEdit”.

[0165] The display unit 203 displays the 3D image
“3dImg” generated by the 3D image generation unit 201.
[0166] FIG.101sanexplanatory diagram that illustrates the
flow of processing up to the generation and the displaying of
the 3D image “3dimg”. Portion (a) of FIG. 10 illustrates
ultrasound images that are input. Blood vessel contour
images are extracted from the ultrasound images (portion (b)
of FIG. 10). Subsequently, the blood vessel contour images
are arranged in a 3D space according to the location informa-
tion (portion (¢) of FIG. 10). Further, a 3D image so generated
1s displayed (portion (d) of FIG. 10).

[0167] FIG.11 is an explanatory diagram illustrating a first
application example of the ultrasound diagnostic device 2
pertaining to the present embodiment. Portion (a) of FIG. 11
illustrates a screen for editing blood vessel contour images. In
portion (a) of FIG. 11, the ultrasound diagnostic device 2 is
displaying both a tunica intima contour image and a tunica
adventitia contour image of a carotid artery, which are
obtained as a result of automatic extraction, so as to be over-
laid on an ultrasound B-mode image 1101. In addition, the
ultrasound diagnostic device 2 may display a magnified
image 1102 of the ultrasound B-mode image 1101.

[0168] On the screen for editing blood vessel contour
images, the user of the ultrasound diagnostic device 2 per-
forms correction with respect to either the tunica intima con-
tour image or the tunica adventitia contour image as neces-
sary. The user performs the correction freehandedly or by
moving representative contour points of a contour image on
the screen by performing certain operations, explanation of
which is provided in the above with reference to FIG. 6.
Portion (b) of FIG. 11 illustrates a display example of a 3D
image of a contour of a blood vessel. The example illustrated
in portion (b) of FIG. 11 is an example where the carotid
artery has been scanned, and thus, a 3D image of the carotid
artery, which has a'Y shape, is being displayed. In portion (b)
of FIG. 11, a rectangular frame 1104 is displayed so as to be
overlaid onto the 3D image. The frame 1104 indicates a
virtual plane indicating a scanning position at which the ultra-
sound image illustrated in portion (a) of FIG. 11 is acquired.
In other words, an ultrasound image that is acquired when
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scanning the carotid artery at a position indicated by the
virtual plane illustrated in portion (b) of FIG. 11 is displayed
in portion (a) of FIG. 11. Here, a modification may be made
such that the ultrasound image displayed in the screen at the
left-hand side (portion (a) of FIG. 11) is switchable from one
ultrasound image to another ultrasound image by moving the
virtual plane. Alternatively, a modification may be made such
that a slide bar 1103 is provided below the ultrasound image
displayed in the screen, and the ultrasound image displayed in
the screen (portion (a) of FIG. 11) is switchable from one
ultrasound image to another ultrasound image by using the
slide bar 1103.

[0169] FIG. 12 is an explanatory diagram illustrating a
second application example of the ultrasound diagnostic
device 2 pertaining to the present embodiment. In FIG. 12,
indication is provided of a part of a blood vessel where thick-
ening of the intima-media has occurred on an ultrasound
image and on a 3D image. Portion (a) of FIG. 12 illustrates a
case where, in an ultrasound image, a part of the intima-media
with increased thickness is highlighted. Portion (b) of FIG. 12
illustrates a case where, in a 3D image, a part of the intima-
media with increased thickness is highlighted. In particular,
by highlighting a part of the intima-media with increased
thickness in a 3D image as in portion (b) of FIG. 12, the user
can readily specify a part of the blood vessel with a disorder.
Further, by highlighting a part of the intima-media with
increased thickness in a 3D image, the user can use the ultra-
sound diagnostic device 2 to perform examination such as
moving a virtual plane to a highlighted part ofa 3D image and
monitoring an ultrasound image corresponding to where the
virtual plane is moved.

[0170] FIG.13isanexplanatory diagramillustrating a third
application example of the ultrasound diagnostic device 2
pertaining to the present embodiment. In the example illus-
trated in FIG. 13, to improve the usability of the ultrasound
device 2 when the user performs contour correction, an
entirety of an ultrasound image is displayed as illustrated in
portion (a) of FIG. 13 when the user monitors an ultrasound
image, and a blood vessel area of an ultrasound image is
displayed in a magnified state as illustrated in portion (b) of
FIG. 13 when the user performs correction of a blood vessel
contour image. In addition, a 3D image of the blood vessel
may also be displayed. Here, the 3D image may be a bird’s
eye image of a contour of the blood vessel as illustrated in
portion (c) of FIG. 13. Also, in order to display the tunica
intima boundary, the thickening of the intima-media, etc., to
the user in a clearly recognizable state, a long-axis cross-
sectional image, or a short-axis cross-sectional image, etc., of
a contour of the blood vessel may be displayed. Further,
conventional technology such as surface rendering, volume
rendering, etc., is applicable for realizing displaying of 3D
images.

[0171] Note that, besides technology related to 3D imag-
ing, the application examples illustrated in FIGS. 11 through
13 can be implemented by using the ultrasound diagnostic
device 1.

[0172] Further, to improve the visibility of shapes and sta-
tuses of contour images, a modification may be made of
displaying tunica intima contour images and tunica adventitia
contour images by using different colors, and/or of displaying
pre-correction contour images and post-correction contour
images by using different colors. In addition, a modification
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may be made such that the user is able to make a configuration
of execution/non-execution of automatic correction of con-
tour images.

[0173] Further, a modification may be made such that posi-
tions of vertices of contour images obtained as a result of
manual correction and automatic correction are stored, and a
contour image that reflects information editing having been
previously performed is displayed when the user examines a
same input ultrasound image for the second time. Further, a
modification may also be made such that, when the user is to
examine a same blood vessel region multiple times for certain
purposes such as checking a chronological change in a plaque
over years, the shape of the plaque observed in the previous
examination is displayed in addition to the present shape of
the plaque, whereby the user is enabled to compare the past
and present shapes of the plaque.

[0174] Although description is provided above mainly
focusing on a carotid artery as the examination subject, the
ultrasound diagnostic device and method pertaining to the
present disclosure is applicable to other blood vessels. For
example, the ultrasound diagnostic device and method per-
taining to the present disclosure is applicable to certain parts
of the human body where arteriosclerosis frequently occurs,
such as the abdominal aorta, the tibial arteries, the vertebral
arteries, and the subclavian arteries. In addition, the ultra-
sound diagnostic device and method pertaining to the present
disclosure is theoretically applicable to any tubular organ.
[0175] Further, the processing-target input images are not
limited to being ultrasound images, and may be images
acquired through computed tomography (CT), magnetic
resonance imaging (MRI), etc. Further, a 3D image is readily
acquirable when using technology such as CT, MR], etc. As
such, an ultrasound 3D image may be formed by mapping
ultrasound images with respect to a 3D shape of a blood
vessel acquired by application of such technology.

[0176] As description is provided up to this point, the ultra-
sound diagnostic device pertaining to the present embodi-
ment enables putting together post-correction blood vessel
contour images to form a 3D image of a blood vessel. Thus,
the ultrasound diagnostic device pertaining to the present
embodiment presents a 3D shape of a blood vessel to a user,
which enables the user to intuitively acknowledge the contour
of the organ (i.e., the blood vessel).

Embodiment 3

[0177] Inthe following, description is provided onan ultra-
sound diagnostic device pertaining to embodiment 3 and a
method pertaining to embodiment 3, with reference to the
accompanying drawings. An ultrasound diagnostic device 3
pertaining to embodiment 3 differs from the ultrasound diag-
nostic device 1 in that, when two or more post-correction
blood vessel contour images that overlap one another exist in
an ultrasound image, the ultrasound diagnostic device 3
merges the overlapping contour images into a single blood
vessel contour image. In the following, description is pro-
vided on each of the functions of the ultrasound diagnostic
device 3 that are related to the merging of blood vessel con-
tour images. Since the rest of the functions of the ultrasound
diagnostic device 3 are similar to those of the ultrasound
diagnostic device 1, the same reference signs are provided to
such functions and description thereon is omitted.

[0178] FIG. 14 is an explanatory diagram that illustrates a
situation that embodiment 3 takes into consideration. Portion
(a) of FIG. 14 illustrates a blood vessel having a branching
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part (a blood vessel having a’Y shape). The blood vessel is
composed of a first blood vessel portion, a second blood
vessel portion, and a third blood portion, which are respec-
tively indicated as blood vessel 1, blood vessel 2, and blood
vessel 3 in portion (a) of FIG. 14. Such a Y-shaped blood
vessel exists, for example, in the human carotid artery. An
ultrasound image at a cross-sectional region 1401 of the
Y-shaped blood vessel, obtained by an ultrasound diagnostic
device, is illustrated in portion (b) of FIG. 14. Here, it should
be noted that although the Y-shaped blood vessel includes, at
the cross-sectional region 1401, the first blood vessel portion
and the second blood vessel portion, when extraction of blood
vessel contour images is performed with respect to the ultra-
sound image illustrated in portion (b) of FIG. 14, only one
contour image corresponding to one of the two blood vessel
portions may be extracted. When creating an image of the
shape of the Y-shaped blood vessel by using the contour
image so detected, the image of the Y-shaped blood vessel
lacks the shape of'the first blood vessel portion, which should
be extending from the branching part, as illustrated in portion
(c) of FIG. 14.

[0179] The ultrasound diagnostic device according to the
present embodiment is able to acquire a correct shape of a
blood vessel, even when contour images corresponding to a
portion of the blood vessel are not detected through contour
detection.

[0180] FIG. 15 is a block diagram illustrating the structure
of the ultrasound diagnostic device 3 pertaining to the present
embodiment. As illustrated in FIG. 15, the ultrasound diag-
nostic device 3 includes a specification unit 102A and a
manual correction unit 103A. Further, the contour extraction
unit 101 in the ultrasound diagnostic device 3 includes therein
a merging determination unit 101A. Since functional blocks
of the ultrasound diagnostic device 3 other than the contour
extraction unit 101 are similar to those of the ultrasound
diagnostic device 1, description thereon is omitted.

[0181] The specification unit 102A receives, from the user,
specification information and correction information. The
specification information specifies a frame (a manual correc-
tion target ultrasound image) with respect to which manual
correction of a blood vessel contourimage is to be performed.
The correction information specifies the details of the correc-
tion to be performed with respect to the specified frame. Here,
the specification unit 102A receives, as the correction infor-
mation, information indicating a blood vessel contour image
that has not been extracted from the specified frame by the
contour extraction unit 101. For example, in the case of the
exampleillustrated in portion (b) of FIG. 14, the specification
unit 102A receives, as the correction information, informa-
tion on the contour labeled as “undetected contour” in portion
(b) of FIG. 14.

[0182] The manual correction unit 103A corrects blood
vessel contour images in the frame specified by the specifi-
cation information received from the user according to the
correction information received from the user. Further, the
manual correction unit 103A stores the result of the correc-
tion to the post-correction contour memory 106. In addition,
the manual correction unit 103A inputs identification infor-
mation identifying the frame with respect to which the
manual correction has been performed to the target setting
unit 104, Here, the manual correction unit 103A corrects the
specified frame by newly creating a blood vessel contour
image according to the information, included in the correc-
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tion information, indicating a contour that has not been
extracted from the specified frame by the contour extraction
unit 101.

[0183] Themerging determination unit 101A acquires con-
tour images extracted by the contour extraction unit 101, and
when two or more contour images overlapping one another
are extracted from a given frame, creates a single contour
image by merging the overlapping contour images. Further,
the merging determination unit 101A stores the contour
image so formed to the post-correction contour memory 106
as a post-correction contour image “postEdit”.

[0184] FIG. 16 is an explanatory diagram illustrating cor-
rection information and specification information received by
the ultrasound diagnostic device 3 pertaining to the present
embodiment. The specification unit 102A receives, from the
user, correction information indicating, as a contour to be
added to an ultrasound image, a contour of a blood vessel that
has not been extracted from the ultrasound image by the
contour extraction unit 101 (portion (a) of FIG. 16). In addi-
tion, the specification unit 102A receives, from the user,
specification information that specifies a frame with respect
to which manual correction of a blood vessel contour image is
to be performed (a manual correction target ultrasounds
image) (portion (b) of FIG. 16). Correction of a blood vessel
contour image in the specified frame is performed in the same
way as in embodiment 1 by using the correction information
and the specification information.

[0185] FIG. 17 is a flowchart illustrating merging process-
ing pertaining to embodiment 3.

[0186] InStepS1701,the merging determinationunit101A
determines whether or not a plurality of blood vessel contour
images are included in an ultrasound image. Here, the plural-
ity of blood vessel contour images may include a blood vessel
contour image that has been added to the ultrasound image
according to the correction information that the specification
unit 102A has received from the user. When the merging
determination unit 101A determines that the ultrasound
image includes a plurality of blood vessel contour images,
processing proceeds to Step S1702. Meanwhile, when the
merging determination unit 101A determines that the ultra-
sound image does not include a plurality of blood vessel
contour images, the merging processing is terminated.

[0187] InStepS1702,the merging determinationunit 101A
determines whether or not two or more contour images,
among the plurality of blood vessel contour images in the
ultrasound image, overlap one another. When the merging
determination unit 101A determines that two or more of the
contour images overlap one another, processing proceeds to
Step S1703. When the merging determination unit 101A
determines that none of the contour images overlap one
another, the merging processing is terminated.

[0188] InStepS1703,the merging determinationunit101A
generates a single contour image by merging the two or more
overlapping blood vessel contour images in the ultrasound
image.

[0189] FIG. 18 is an explanatory diagram of the merging
processing pertaining to the present embodiment.

[0190] Frames 1801, 1802, 1803, 1803 A, 1804, and 1805
illustrated in FIG. 18 are ultrasound images acquired from
spatially-successive examination positions. Further, FIG. 18
provides schematic illustration of blood vessel contour
images included in such frames. The ultrasound diagnostic
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device 3 performs contour correction starting from frame
1801 and proceeding to subsequent frames 1802, 1803, 1804,
and 1805, in the stated order.

[0191] Frames 1801 and 1802 each include a contour image
of the first blood vessel portion and a contour image of the
second blood vessel portion. The first blood vessel portion
and the second blood vessel portion correspond to those
explained above with reference to portion (b) of FIG. 16, and
are respectively indicated as blood vessel 1 and blood vessel
2 in FIG. 18. In each of frames 1801 and 1802, the contour
images of the first blood vessel portion and the second blood
vessel portion do not overlap one another. When the ultra-
sound diagnostic device 3 performs the merging processing
as described above with respect to each of frames 1801 and
1802, a determination is made in Step S1702 that none of the
contour images ovetlap one another, and thus, the merging
processing is terminated.

[0192] Meanwhile, frame 1803 includes a contour image of
the first blood vessel portion and a contour image of the
second blood vessel portion, which overlap one another.
When the ultrasound diagnostic device 3 performs the merg-
ing processing as described above with respect to frame 1803,
the overlapping contour images of the first blood vessel por-
tion and the second blood vessel portion are merged into a
single contour image in Step S1703. In FIG. 18, the contour
image so generated is illustrated in frame 1803 A. Here, note
thata determination may be made that two contour images are
merged into a single contour image when a ratio of an over-
lapping area to a total area of a contour image exceeds a
predetermined threshold value.

[0193] In frame 1804, contour images of the first blood
vessel portion and the second blood vessel portion overlap
one another with a greater overlapping area than in frame
1803. The ultrasound diagnostic device 3, already having
generated the single contour image in frame 1803, performs a
search in frame 1804 by using the single contour image in
frame 1803A as an initial contour image and generates a
blood vessel contour image.

[0194] Frame 1805 includes a contour image of the third
blood vessel portion. The third blood vessel portion corre-
sponds to that explained above with reference to portion (b) of
FIG. 16, and is indicated as blood vessel 3 in FIG. 18. The
ultrasound diagnostic device 3 performs a search in frame
1805 by using the single contour image in frame 1804 as an
initial contour image and generates a blood vessel contour
image in frame 1805.

[0195] As such, the ultrasound diagnostic device 3 gener-
ates a correct blood vessel contour image (correct blood ves-
sel contour images) in each frame from frame 1801, which
includes contour images of the first blood vessel portion and
the second blood vessel portion, and up to frame 1805, which
includes a single contour image of the third blood vessel
portion.

[0196] Through application of the creation of a blood ves-
sel contour image and the merging of blood vessel contour
images as described above, a Y-shaped blood vessel can be
extracted by using contour information specified by the user.
[0197] FIG. 19 is an explanatory diagram illustrating blood
vessel extraction pertaining to embodiment 3.

[0198] Portion (a) of FIG. 19 illustrates a case where an
image of a contour of a Y-shaped blood vessel appearing in a
plurality of ultrasound images is generated by using contour
images generated from three blood vessel portions specified
by the user. The user monitors the plurality of ultrasound
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images, and specifies contour images of the Y-shaped blood
vessel at positions 1901, 1902, and 1903 of the Y-shaped
blood vessel. Here, since an approximate position of an
examination subject where a Y-shaped blood vessel exists is
known, as is the case when examination subject is the human
carotid artery, the user is able to acquire a plurality of ultra-
sound images including a branching part of a Y-shaped blood
vessel.

[0199] The ultrasound diagnostic device 3 generates blood
vessel contour images starting from each of positions 1901,
1902, and 1903, in both a positive direction and a negative
direction with respect to the direction in which the blood
vessel runs from each of positions 1901, 1902, and 1903.
Note that when, for example, the generation of blood vessel
contour images starting from each of positions 1901 and 1903
is first performed, and the generation of blood vessel contour
images from position 1902 is subsequently performed, the
merging processing is performed. Further, note that the closer
each of positions 1901, 1902, and 1903 are set to the branch-
ing portion of the blood vessel, the more accurately the image
of the contour of the Y-shaped blood vessel can be generated.
[0200] Portion (b) of FIG. 19 illustrates a case where an
image of a contour of a Y-shaped blood vessel appearing in a
plurality of ultrasound images is generated by using contour
images generated from three blood vessel portions specified
by the user from specific ultrasound images. Here, the spe-
cific ultrasound images refer to ultrasound images that corre-
spond to end regions of the Y-shaped blood vessel in the
direction in which the blood vessel runs. In this case, the
generation of blood vessel contour images and the merging
processing are performed in a similar manner as in the case
illustrated in portion (a) of FIG. 19. According to the method
illustrated in portion (b) of FIG. 19, the user does not need to
make a specification of ultrasound images, and thus, the
amount of labor on the side of the user is reduced.

[0201] As such, the ultrasound diagnostic device pertaining
to the present embodiment enables newly creating, according
to user specification, a blood vessel contour image that is not
initially extracted by the ultrasound diagnostic device.
[0202] Further, when a blood vessel contour image newly
created according to user specification overlaps with another
blood vessel contour image, the ultrasound diagnostic device
forms a blood vessel contour image by treating the two blood
vessel contour images as a single blood vessel contour image.
[0203] Further, the ultrasound diagnostic device, when
there exists a Y-shaped blood vessel a contour image of which
is not extracted by the ultrasound image, newly creates a
contour image of the Y-shaped blood vessel.

Embodiment 4

[0204] By recording, on a recording medium such as a
flexible disk, a program for implementing the contour extrac-
tion methods described in the above embodiments, an inde-
pendent computer system can easily execute processing
described in the above embodiments.

[0205] FIGS. 26A through 26C are explanatory diagrams
illustrating a case where the contour extraction methods
described in the above embodiments is executed by a com-
puter system using a program recorded on a recording
medium such as a flexible disk.

[0206] FIG. 26A includes: illustration of an exterior of a
floppy disk when seen from a front side, illustration of a
cross-sectional structure of the floppy disk, and illustration of
an interior of the floppy disk (i.e., the flexible disk). FIG. 26A
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illustrates an example of a physical format of the flexible disk,
which is the main body of a recording medium. The flexible
disk FD is housed in a case F. A plurality of tracks Tr are
formed on a surface of the flexible disk FD in concentric
circles from an outer circumference to an inner circumference
of the flexible disk FD. Each track is divided into 16 sectors
Se in terms of angle from a center of the flexible disk FD.
Therefore, a flexible disk having the above program recorded
thereon has, in specific, the above program recorded on a
region thereof allocated to the above program.

[0207] FIG. 26C illustrates a configuration for recording
the program on the flexible disk FD and reproducing the
program recorded on the flexible disk FD. When recording
the program for implementing the contour extraction meth-
ods on the flexible disk FD, a computer system Cs writes the
program to the flexible disk FD via a flexible disk drive.
Furthermore, when constructing, in a computer system, the
contour extraction control methods by using the program
recorded on the flexible disk, the program is read from the
flexible disk via the floppy disk drive and is transmitted to the
computer system.

[0208] In the above explanation, explanation is provided
while taking a flexible disk as an example of a recording
medium. However, the contour extraction methods can be
implemented by using an optical disc. Further, recording
media usable for implementing the contour extraction meth-
ods are not limited to a flexible disk and an optical disc, and
alternatively any media on which the program can be
recorded, such as an IC (Integrated Circuit) card or a ROM
cassette, can be used to implement the contour extraction
methods.

[0209] Note that functional blocks of the ultrasound diag-
nosticdevice 1 illustrated in FIG. 1 are typically implemented
by using LSIs, which is one type of an integrated circuit. The
implementation of the above-described functional blocks by
using LSIs may be performed such that a single LSI chip is
used for each individual functional block. Alternatively, the
above-described functional blocks may be implemented by
using LSIs each including one or more of such functional
blocks, or by using LSIs each including a part of each of the
fanctional blocks.

[0210] Although referred to here as an LSI, depending on
the degree of integration, the terms 1C, system LSI, super LSI,
or ultra LSI are also used.

[0211] In addition, the method for assembling integrated
circuits is not limited to the above-described method utilizing
LSIs, and a dedicated communication circuit or a general-
purpose processor may be used. For example, a dedicated
circuit for graphics processing, such as a graphic processing
unit (GPU), may be used. A field programmable gate array
(FPGA), which is programmable after the LSI is manufac-
tured, or a reconfigurable processor, which allows for recon-
figuration of the connection and setting of circuit cells inside
the LSI, may alternatively be used.

[0212] Furthermore, if technology for forming integrated
circuits that replaces LSI were to emerge, owing to advances
in semiconductor technology or to another derivative tech-
nology, the integration of functional blocks may naturally be
accomplished using such technology. The application of bio-
technology or the like is possible.

[0213] Furthermore, the units of the ultrasound diagnostic
device 1 illustrated in FIG. 1 may connect via a network such
as the Internet or a local area network (LAN). For example, a
configuration may be made such that ultrasound images are
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read from a server, an accumulation device, etc., located
along the network and storing the ultrasound images. Further,
amodification may be made such that the adding of functions
to the units is performed via a network.

[0214] Inaddition, the ultrasound diagnostic devices in the
embodiments may be implemented, for example, as the ultra-
sound diagnostic device 3 illustrated in FIG. 27.

INDUSTRIAL APPLICABILITY

[0215] The ultrasound diagnostic device and the contour
extraction method pertaining to the present disclosure, when
correction is to be performed with respect to contour images
of a layer of a blood vessel extracted from a plurality of
spatially-successive ultrasound images and a user manually
corrects a contour image in one of the ultrasound images,
automatically corrects contour images in neighboring ultra-
sound images according to the result of the manual correc-
tion. Thus, the amount of time required for the correction of
blood vessel contour images is reduced by a great extent.
Thus, the ultrasound diagnostic device and the contour
extraction method pertaining to the present disclosure reduce
time required for examinations, such as the examination for
arteriosclerosis, in which the measurement of a thickness of
the layer of the blood vessel is required. Accordingly, the
ultrasound diagnostic device and the contour extraction
method pertaining to the present disclosure are highly usable
in the field of medical diagnostic devices.

REFERENCE SIGNS LIST

[0216] 1.2,3,1700,2300 ultrasound diagnostic device

[0217] 101, 1701, 2301 contour extraction unit

[0218] 101A merging determination unit

[0219] 102, 102A,1702, 2302 specification unit

[0220] 103, 103A, 1703, 2303 manual correction unit

[0221] 104 target setting unit

[0222] 105 correction information generation unit

[0223] 106, 202, 1704, 2304 post-correction contour
memory

[0224] 107, 203, 1705, 2305 display unit

[0225] 201 3D image generation unit

[0226] 1101 B mode image

[0227] 1102 magnified image

[0228] 1103 slide bar

[0229] 1104 frame

1-17. (canceled)

18. An ultrasound diagnostic device comprising:

a contour extraction unit configured to extract a first con-
tour image from each of a plurality of ultrasound images
obtained from spatially-successive examination posi-
tions and each including an image of an organ, a contour
image extracted from an ultrasound image being an
image indicating a contour of the organ and being
extracted from an image of the organ appearing in the
ultrasound image;

aspecification unit configured to receive, from a user of the
ultrasound diagnostic device, specification information
specifying a manual correction target ultrasound image
among the ultrasound images and correction informa-
tion indicating details of a manual correction that the
user performs with respect to a first contour image
extracted from the manual correction target ultrasound
image; and
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a contour correction unit configured to correct the first
contour image extracted from the manual correction
target ultrasound image according to the correction
information to obtain a corrected first contour image,
wherein:

the contour extraction unit is further configured to (i) per-

form a search with respect to a target ultrasound image
among the ultrasound images by using information indi-
cating the corrected first contour image as an initial
contour image, and (ii) extract, from the target ultra-
sound image, a contour image obtained as a result of
performing the search with respect to the target ultra-
sound image as a second contour image, the manual
correction target ultrasound image and the target ultra-
sound image being obtained from adjacent examination
positions.

19. The ultrasound diagnostic device of claim 18, wherein:

the contour extraction unit extracts the contour image

obtained as the result of performing the search with
respect to the target ultrasound image as the second
contour image only when the contour image obtained as
the result of performing the search with respect to the
target ultrasound image and a first contour image
extracted from the target ultrasound image differ in
shape by at least a predetermined level.

20. The ultrasound diagnostic device of claim 18, wherein:

the contour extraction unit is further configured to (i) per-

form the search with respect to another target ultrasound
image among the ultrasound images by using informa-
tion indicating the second contour image extracted from
the target ultrasound image as an initial contour image,
and (ii) extract, from the other target ultrasound image,
a contour image obtained as a result of performing the
search with respect to the other target ultrasound image
as a second contour image extracted from the other
target ultrasound image, the other target ultrasound
image differing from the manual correction target ultra-
sound image and the target ultrasound image.

21. The ultrasound diagnostic device of claim 20, wherein:

the target ultrasound image and the other target ultrasound

image are obtained from adjacent examination posi-
tions.
22. The ultrasound diagnostic device of claim 21, wherein:

the contour extraction unit performs multiple iterations of

the search, each time processing a different one of the
plurality of ultrasound images, the contour extraction
unit performing the search starting from the target ultra-
sound image, which is closest in terms of examination
position to the manual correction target ultrasound
image, and subsequently processing, one by one, other
ones of the ultrasound images in order of closeness, in
terms of examination position, to the manual correction
target ultrasound image, and

when performing a given iteration of the search, the con-

tour extraction unit uses a contour image obtained as a
result of performing a previous iteration of the search as
an initial contour image.

23. The ultrasound diagnostic device of claim 22, wherein:

the contour extraction unit performs said multiple itera-

tions of the search while a contour image obtained as a
result of performing a present iteration of the search and
a first contour image extracted from one of the ultra-
sound images processed in the present iteration of the
search differ in shape by at least the predetermined level.
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24. The ultrasound diagnostic device of claim 18, wherein:

the organ is a blood vessel, and

a contour image extracted by the contour extraction unit
from an ultrasound image indicates a contour of a layer
of the blood vessel.

25. The ultrasound diagnostic device of claim 18, wherein:

the organ is a blood vessel, and

a contour image extracted by the contour extraction unit
from an ultrasound image indicates a contour of a tunica
intima or a tunica adventitia of the blood vessel.

26. The ultrasound diagnostic device of claim 25, wherein:

the contour extraction unit performs multiple iterations of
the search, each time processing a different one of the
plurality of ultrasound images, the contour extraction
unit performing the search starting from the target ultra-
sound image, which is closest in terms of examination
position to the manual correction target ultrasound
image, and subsequently processing, one by one, other
ones of the ultrasound images in order of closeness, in
terms of examination position, to the manual correction
target ultrasound image, and

the contour extraction unit performs said multiple itera-
tions of the search while a distance between contour
images of the tunica intima and the tunica adventitia,
obtained as a result of performing a present iteration of
the search, exceeds a predetermined threshold value.

27. The ultrasound diagnostic device of claim 18, further

comprising:

a three-dimensional image generation unit that generates a
three-dimensional image of the organ by combining
contour images of the organ extracted from the ultra-
sound images by the contour extraction unit according to
respective examination positions from which the ultra-
sound images are obtained.

28. The ultrasound diagnostic device of claim 18, wherein:

the specification unit receives, from the user as the correc-
tion information, additional contour information indi-
cating a contour image corresponding to another image
of the organ appearing in the manual correction target
ultrasound image, and

the contour correction unit corrects the manual correction
target ultrasound image by creating the contour image
corresponding to said another image of the organ in the
manual correction target ultrasound image.

29. The uvltrasound diagnostic device of claim 28, wherein:

the contour extraction unit is further configured to, when
two or more contour images overlap one another in the
manual correction target ultrasound image after the cor-
rection by the contour correction unit, merge the two or
more overlapping contour images into a single contour
image, and extract the single contour image from the
manual correction target ultrasound image.

18

Nov. 13,2014

30. The ultrasound diagnostic device of claim 28, wherein:
when (i) the specification information received by the
specification unit specifies, from among the ultrasound
images, each of a first ultrasound image including one
image of the organ and a second ultrasound image
including two images of the organ as the manual correc-
tion target ultrasound image, and (ii) the correction
information received by the specification unit is addi-
tional contour information indicating one contour image
corresponding to said one image of the organ in the first
ultrasound image and two contour images correspond-
ing to said two images of the organ in the second ultra-
sound image,
the contour correction unit corrects the first ultrasound
image by creating said one contour image according to
the correction information and corrects the second ultra-
sound image by creating said two contour images
according to the correction information.
31. A contour extraction method for an ultrasound diag-
nostic device, the contour extraction method comprising;
extracting a first contour image from each of a plurality of
ultrasound images obtained from spatially-successive
examination positions and each including an image of an
organ, a contour image extracted from an ultrasound
image being an image indicating a contour of the organ
and being extracted from an image of the organ appear-
ing in the ultrasound image;
receiving, from a user of the ultrasound diagnostic device,
specification information specifying a manual correc-
tion target ultrasound image among the ultrasound
images and correction information indicating details of a
manual correction that the user performs with respect to
a first contour image extracted from the manual correc-
tion target ultrasound image; and
correcting the first contour image extracted from the
manual correction target ultrasound image according to
the correction information to obtain a corrected first
contour image, wherein:
in the extracting, in addition to the first contour image
being extracted from each of the ultrasound images, (i) a
search is performed with respect to a target ultrasound
image among the ultrasound images by using informa-
tion indicating the corrected first contour image as an
initial contour image, and (ii) from the target ultrasound
image, a contour image obtained as a result of perform-
ing the search with respect to the target ultrasound image
is extracted as a second contour image, the manual cor-
rection target ultrasound image and the targetultrasound
image being obtained from adjacent examination posi-
tions.
32. A non-transitory computer-readable recording medium
having recorded thereon a program for causing a computer to
execute the contour extraction method according to claim 31.
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