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Description
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to techniques for
assisting on image-based diagnosis using plural virtual
endoscopic images generated from a three-dimensional
image.

Description of the Related Art

[0002] Inrecentyears, diagnosis was performedin var-
ious clinical scenes by observing a three-dimensional im-
age obtained by imaging a patient. Especially, for a tu-
bular structural organ, such as a large intestine and a
bronchus or bronchi, which is observable by using an
endoscope, a method for observing a region of interest,
such as alesion, has been drawing attention. In the meth-
od, plural images resembling endoscopic images (here-
inafter, referred to as virtual endoscopic images), and
which are virtually imaged from the inside of the tubular
structure, are generated along the tubular structure from
a CT image, and the virtual endoscopic images of plural
positions at plural angles are successively displayed.
Such image-based diagnosis using virtual endoscopic
images can reduce a burden on the patient in examina-
tion, because it is not necessary to actually insert an en-
doscope into the patient. Further, even if an obstructed
region exists in the tubular structure and the endoscope
is not insertable, it is possible to display, based on the
CT image, the condition of a part of the tubular structure
behind the obstructed region. Therefore, there are grow-
ing expectations for the image-based diagnosis using
such virtual endoscopic images.

[0003] PatentDocument 1 proposesamethodinwhich
a virtual endoscopic image is generated for a tube, such
as a bronchus or bronchi, and a path to a target point
along the tube is obtained in advance in the virtual en-
doscopic image, and a virtual endoscopic image along
the path is used, as a guide image, in actual observation
using an endoscope. Further, Patent Document 2 pro-
poses a method in which a trigger is stored in such a
manner to be related to a region of interest of a user.
When virtual endoscopic images are successively dis-
played along a path as if a motion image is displayed,
enhanced display is possible for the region in which the
trigger has been set. A resolution, adisplay rate, a display
time, the magnification of an image, a view angle and the
like are changed based on a set viewing protocol.

[Related Technical Documents]
[Patent Documents]

[0004]
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[Patent Document 1]

Japanese Unexamined Patent Publication No.
2000-135215

[Patent Document 2]

PCT Japanese Publication No. 2008-529578

SUMMARY OF THE INVENTION

[0005] Here,inobservation of a tubular structure, there
is a demand forimproving the efficiency of image reading
by reducing a display time and a calculation cost neces-
sary to generate or display each of virtual endoscopic
images at plural positions. However, in the methods dis-
closed in Patent Documents 1 and 2, when a virtual en-
doscopic image in a region of interest or in the vicinity of
the region of interest is selectively generated from a
three-dimensionalimage or displayed, a heavy work load
and along work time for selecting and setting the position
of the virtual endoscopic image to be generated, or the
position of the virtual endoscopic image to be displayed
are necessary.

[0006] In view of the foregoing circumstances, it is an
object of the present invention to provide an apparatus,
a method and a program for reducing a work load and a
work time in selecting and setting a position at which a
virtual endoscopic image is generated from a three-di-
mensional image and a method for displaying the virtual
endoscopic image. The position and the display method
are selected and set so that only a virtual endoscopic
image or images representing a region, such as a region
of interest, necessary for image-based diagnosis are in-
tensively observable.

[0007] A medicalimage processing apparatus accord-
ing to a first invention of the present invention includes
animage obtainment unit that obtains a three-dimension-
al image obtained by imaging a patient, a degree-of-in-
terest setting unit that sets a relative degree of interest
at each of plural positions on a path connecting the plural
positions in the three-dimensional image, a discrimina-
tion condition obtainment unit that obtains a discrimina-
tion condition for identifying, based on the set degree or
degrees of interest, a virtual endoscopicimage orimages
to be generated from the three-dimensional image, and
an image generation unit that generates, based on the
three-dimensional image, only the virtual endoscopic im-
age orimages identified based on the discrimination con-
dition.

[0008] A medical image processing method according
to the first invention of the present invention is performed
by the medical image diagnosis apparatus, and the meth-
od includes the step of obtaining a three-dimensional im-
age obtained by imaging a patient, the step of setting a
relative degree of interest at each of plural positions on
a path connecting the plural positions in the three-dimen-
sional image, the step of obtaining a discrimination con-
dition for identifying, based on the set degree or degrees
of interest, a virtual endoscopic image or images to be
generated from the three-dimensional image, and the
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step of generating, based on the three-dimensional im-
age, only the virtual endoscopic image or images identi-
fied based on the discrimination condition.

[0009] Amedicalimage processing programaccording
to the first invention of the present invention causes a
computer to function as each of the aforementioned units.
[0010] A medical image processing apparatus accord-
ingtoasecondinvention ofthe presentinventionincludes
animage obtainment unitthat obtains a three-dimension-
al image obtained by imaging a patient, a degree-of-in-
terest setting unit that sets a relative degree of interest
at each of plural positions on a path connecting the plural
positions in the three-dimensional image, an image gen-
eration unit that generates plural virtual endoscopic im-
ages from the three-dimensional image, a discrimination
condition obtainment unit that obtains a discrimination
condition for identifying, based on the set degrees of in-
terest, one or more of the generated virtual endoscopic
images to be displayed, and a display control unit that
displays only one or more of the generated virtual endo-
scopic images that have been identified based on the
discrimination condition.

[0011] In the first and second inventions, the "path"
may be set by using arbitrary methods. For example,
when an observation object is a tubular structure, a path
setting unit may set a core line connecting the center of
the tubular structure, as the path. Alternatively, in the first
and second inventions, a display control apparatus may
receive instructions about a movement direction and a
movement amount input by a user while a display image
at a predetermined position is displayed by using a pre-
determined display method. Further, the display control
apparatus may display a display image at a position to
which a current display position is moved by the received
movement amount in the received movement direction.
Further, the path setting unit may set the path by con-
necting display positions to each other in the order of
display. In the first and second inventions, the method
for setting a path may be an automatic setting method
using a known technique. Alternatively, a method for set-
ting the path by connecting positions that have been input
by operations by a user at an input device may be used.
Further, the automatically set path may be corrected by
an operation by the user at the input device. Further, the
whole path may be automatically set by an interpolation
operation or the like based on a part of the path that has
been set by an operation by the user at the input device.
[0012] Inthe first and second inventions of the present
invention, the degree-of-interest setting unit may obtain
a position of interest in the three-dimensional image and
a degree of interest corresponding to the position of in-
terest, and set a degree of interest by weighting in such
a manner that the degree of interest is lower than the
degree of interest corresponding to the position of inter-
est as a distance from the obtained position of selection
is longer. In this case, the degree-of-interest setting unit
may set the degree of interest in such a manner that the
degree of interest is in inverse proportion to the distance
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from the position of interest.

[0013] Further, the "degree of interest" represents the
level of the magnitude of a request for generating or dis-
playing a virtual endoscopic image. Further, the expres-
sion of setting "a relative degree of interest at each of
positions on a path" means setting a degree of interest
based on a relative level of the magnitude at each of the
positions on the path with respect to each other. Further,
the "position of interest" represents a localized position
at which a request for generating or displaying a virtual
endoscopic image is large. The position of interest may
be set at an arbitrary position by using an arbitrary meth-
od. The position of interest may be located on the path,
or at a position other than the path. For example, the
position of interest may be a position, such as a center
of gravity of a lesion extracted by using a computer-aided
diagnosis technique (CAD technique), and which is in-
cluded in a region of interest. Alternatively, the position
of interest may be input by an operation by the user at
the input device.

[0014] Inthe first and second inventions of the present
invention, it is desirable that the path connects the plural
positions within a tubular structure included in the three-
dimensional image, and that the degree-of-interest set-
ting unit sets the degree of interest based on a curvature
of the path by weighting in such a manner that the degree
of interest is higher as the curvature is larger.

[0015] In the first and second inventions, the expres-
sion "insuch a mannerthat the degree of interestis lower"
means weighting in such a manner that the level of a
request for generating or displaying a virtual endoscopic
image is lower. The expression "the degree of interest is
higher" means weighting in such a manner that the level
of a request for generating or displaying a virtual endo-
scopic image is higher. As long as these meanings are
maintained, a degree of interest may be set, for example,
in such a manner that the degree of interest is higher as
a value representing the degree of interest is lower. Al-
ternatively, a degree of interest may be set in such a
manner that the degree of interest is higher as a value
representing the degree of interest is higher.

[0016] Inthe first and second inventions of the present
invention, the discrimination condition may be a threshold
condition for identifying the virtual endoscopic image or
images.

[0017] Inthe first and second inventions of the present
invention, the discrimination condition obtainment unit
may obtain the number of a virtual endoscopic image or
images displayable at a predetermined display speed
within a predetermined display time, and set a threshold
to identify a virtual endoscopic image or images corre-
sponding to the obtained number of a virtual endoscopic
image or images.

[0018] Inthe first and second inventions of the present
invention, the virtual endoscopic image may be a virtual
bronchial endoscopic image, and the position of interest
may be a branching part of a bronchus or bronchi includ-
ed in the three-dimensional image. Further, the virtual
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endoscopic image maybe a virtual laparoscopic endo-
scopic image.

[0019] The medicalimage processing apparatusin the
first invention of the present invention sets a relative de-
gree of interest at each of plural positions on a path con-
necting the plural positions in the three-dimensional im-
age, obtains a discrimination condition for identifying,
based on the set degree or degrees of interest, a virtual
endoscopic image or images to be generated from the
three-dimensional image, and generates, based on the
three-dimensional image, only the virtual endoscopic im-
age or images that have been identified based on the
discrimination condition. Therefore, itis possible to easily
identify, based on the relative degree or degrees of in-
terest set for the path, the virtual endoscopic image or
images to be generated from the three-dimensional im-
age only by setting the discrimination condition. Hence,
a work time and a work load for selectively generating a
virtual endoscopic image or images are reduced, and
that can assist in improving the efficiency of image read-
ing.

[0020] The medicalimage processing apparatusinthe
second invention of the present invention sets a relative
degree of interest at each of plural positions on a path
connecting the plural positions in the three-dimensional
image, obtains a discrimination condition for identifying,
based onthe setdegrees of interest, one or more of virtual
endoscopic images to be displayed, and displays only
one or more of the virtual endoscopic images that have
been identified based on the discrimination condition.
Therefore, it is possible to easily identify, based on the
relative degrees of interest that have been set for the
path, a virtual endoscopic image or images to be dis-
played from the three-dimensional image only by setting
the discrimination condition. Hence, a work time and a
work load for selectively displaying a virtual endoscopic
image or images are reduced, and that can assist in im-
proving the efficiency of image reading.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Figure 1 is a schematic block diagram illustrating
configuration and a flow of processing for achieving
medical image processing functions according to a
first embodiment;

Figure 2 is a schematic diagram illustrating a path
of a large intestine and positions of interest set for a
three-dimensional medical image in the first embod-
iment;

Figure 3 is a schematic diagram illustrating an ex-
ample of a path of a large intestine and degrees of
interest in the first embodiment;

Figure 4 is a flow chart illustrating a flow of medical
image processing in the first embodiment;

Figure 5 is a schematic diagram illustrating a path
of bronchi and positions of interest set for a three-
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dimensional medical image in a third embodiment;

Figure 6 is a schematic diagram illustrating an ex-
ample of a path of bronchi and degrees of interest
in the third embodiment; and

Figure 7 is a diagram for explaining a modified ex-
ample of setting a path.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Hereinafter, embodiments of the presentinven-
tion will be described by using a case of performing im-
age-based diagnosis by a medical image representing
the large intestine of a human body, as an example.
[0023] Figure 1is a schematic diagram illustrating the
configuration of a medical image processing system 1
including a medical image processing apparatus 6 ac-
cording to an embodiment of the present invention. The
medical image processing system 1 includes an exami-
nation room system 3, a data server 4 and a workstation
(WS) 6 for diagnosis, which are connected to each other
through a local area network (LAN) 2.

[0024] The examination room system 3 includes vari-
ous kinds of modality 32 for imaging a subject to be ex-
amined and an examination room workstation (WS) 31
for checking or adjusting images output from each of the
modalities. As the modalities 32, a CT (Computed Tom-
ography) apparatus and an MRI (Magnetic Resonance
Imaging) apparatus, which can obtain three-dimensional
image V, are provided. Further, an ultrasonic diagnosis
apparatus or the like is provided. Both of the CT (Com-
puted Tomography) apparatus and the MRI (Magnetic
Resonance Imaging) apparatus of the modalities 32 are
based on DICOM (Digital Imaging and Communication
in Medicine) standard, and output obtained volume data,
as a DICOM file, by attaching supplementary information
to the volume data.

[0025] The file that has been output from the modality
32 is transferred to the data server 4 by the examination
room WS 31. The data server 4 is a relatively high per-
formance computer including a high performance proc-
essor and a large capacity memory, and a software pro-
gram that provides a database management server
(DBMS: Database Management Server) function has
been installed in the computer. The program is stored in
a storage, and loaded into the memory at boot-up, and
executed by the processor. The data server 4 stores the
file transferred from the examination room WS 31 in a
large capacity storage 5. Further, the data server 4 se-
lects, based on a retrieval request from the WS 6 for
diagnosis, afile satisfying the retrieval condition from plu-
ral files stored in the large capacity storage 5, and sends
the selected file to the WS 6 for diagnosis. In the embod-
iment of the present invention, three-dimensional image
data representing the abdomen of a human body includ-
ing the large intestine have been generated by scanning
the human body, as a subject to be examined, in the
direction of the body axis by a CT apparatus, and stored
in the data server 4.
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[0026] The WS 6 for diagnosis is a general-purpose
workstation including a standard processor, a memory
and a storage, and in which an image processing pro-
gram for assisting on diagnosis has been installed. The
image processing program is installed in the WS 6 for
diagnosis by download from a recording medium, such
as a DVD, or by download from a server computer in a
network. Further, a display 7 and an input device 8, such
as a mouse and a keyboard, are connected to the WS 6
for diagnosis.

[0027] The image processing program installed in the
WS 6 for diagnosis is composed of program module
groups for realizing various functions, which include a
program module group for realizing an image processing
function. These programs are stored in a storage, and
loaded into the memory at boot-up, and executed by the
processor. Accordingly, the WS 6 for diagnosis operates
as animage obtainment unit 61 that obtains three-dimen-
sional image V, a path setting unit 62 that sets a path
connecting plural positions in three-dimensional image
V, a degree-of-interest setting unit 63 that sets a relative
degree of interest at each position on the path, a discrim-
ination condition obtainment unit 64 that obtains a dis-
crimination condition for identifying, based on the degree
or degrees of interest, a virtual endoscopic image or im-
ages to be generated from three-dimensional image V,
an image generation unit 65 that generates only the vir-
tual endoscopic image orimages identified based on the
discrimination condition, and a display control unit 66 that
displays the virtual endoscopic image or images.
[0028] Each unit of the WS 6 for diagnosis will be de-
scribed in detail.

[0029] Before processing in the embodiment of the
presentinvention is performed, the abdomen of a subject
isimaged by a CT apparatus or the like in an examination
on the large intestine. Supplementary information is at-
tached to three-dimensional image V (volume data) ob-
tained by imaging, and three-dimensional image data V,
as a DICOM file, are transferred to the data server 4, and
stored in the large capacity storage 5.

[0030] First, when an image processing function for
the large intestine is selected in an initial screen, and an
identification number of a patient, an examination
number or the like is input in a predetermined input
screen, the image obtainment unit 61 sends the input
information to the data server 4, and requests retrieval
and transfer of a file stored in the large capacity storage
5. The data server 4, which has received the request,
retrieves the file from the large capacity storage 5, and
transfers the requested file to the image obtainment unit
61. The image obtainment unit 61 obtains three-dimen-
sional image V included in the file transferred from the
data server 4, and stores three-dimensional image V in
the memory.

[0031] The path setting unit 62 sets a path connecting
plural positions in obtained three-dimensional image V.
Here, the path setting unit 62 extracts a large intestine
region from three-dimensional image V, and performs
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core line extraction processing on the extracted large in-
testine region. Further, the path setting unit 62 displays
the large intestine region and the core line extracted from
three-dimensional image V on a display 7. The path set-
ting unit 62 receives selection of one of end points of the
core line of the large intestine, as a start point of the path,
by an operation by a user using a mouse or the like.
Accordingly, path P along the core line of the large intes-
tine from end point Py, which is the selected start point,
to the other end point Py is set. Figure 2 is a schematic
diagramillustrating path P of the large intestine from start
point P, to the terminal point Py, which has been set for
three-dimensional image V.

[0032] In the processing for extracting the large intes-
tine, first, processing for dividing each of axial tomo-
graphic images obtained from the three-dimensional
medical image, and which representsslice planes perpen-
dicular to the body axis (axial section; axial), into a region
in the body and a region outside the body with respect
to the surface of the body is performed by using a known
technique. As specific examples, there are a method in
which binarization processing is performed on an input
axial tomographic image, and an outline is extracted by
performing outline extraction processing, and a region
inside the extracted outline is extracted, as a region in
the body (human body), and the like. Next, binarization
processing using a threshold is performed on the region
in the body, and a candidate of the large intestine region
is extracted from each of the axial tomographic images.
Specifically, since air is present in the tube of the large
intestine, binarization processing is performed by setting
a threshold corresponding to a CT value of air, and an
air region in the body is extracted from each of the axial
tomographic images. Finally, only a partin which the ex-
tracted air region in the body in each of the axial tomo-
graphic images is connected to each other is extracted
as the large intestine region.

[0033] In processing for extracting the core line, the
core line passing through a central part of the tube of the
large intestine is extracted from the extracted large in-
testine region by using a known technique. As specific
examples, there are amethod in which three-dimensional
thinning processing is performed on a binary image rep-
resenting the large intestine region that has been ob-
tained during extraction of the large intestine by extract-
ing only a part in which air regions in the body are con-
nected to each other (please refer to Japanese Unexam-
ined Patent Publication No. 2004-283373 and the like),
and the like.

[0034] Here, a user interface for manually correcting
the result of extraction of the large intestine and the core
line may be further provided. As a specificexample, there
is an interface in which the extracted large intestine re-
gion and the core line in each of the axial tomographic
images are displayed with emphasis, and a user corrects
the result of extraction of the large intestine region and
the core line (in an image, a point representing the core
line) in each of the axial tomographicimages by operating
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a mouse or the like, if the extraction result is wrong.
[0035] Inthe embodiment of the present invention, the
degree-of-interest setting unit 63 sets a relative degree
of interest at each of plural positions on path P set by the
path setting unit 62, and which connects the plural posi-
tions in the three-dimensional image.

[0036] First, the degree-of-interest setting unit 63 sets
one or more positions of interest Pq in the three-dimen-
sional image. Figure 2 illustrates an example in which
positions with g = 1, m, n are set as positions of interest.
In Figure 2, I, m and n are natural numbers less than or
equal to N. In the embodiment of the present invention,
the large intestine region and path P (the core line of the
large intestine) are displayed on a display, as illustrated
in Figure 2, and a selected position or positions of interest
are obtained by selection of a desirable point or points
on path P by a user using a mouse or the like. Further,
a degree or degrees of interest that have been input by
the user using a keyboard or the like, and which corre-
spond to the position or positions of interest, respectively,
are obtained. Then, the degree-of-interest setting unit 63
stores the obtained position or positions of interest and
the degree or degrees of interest in such a manner to be
related to each other. Here, it is assumed that degrees
of interest of al=0.7, am=0.9 and an=0.6 are set as the
degrees of interest at P, P, and P, respectively. In the
embodiment of the present invention, start point Py and
terminal point Py of path P are automatically set as po-
sitions of interest, and predetermined values of a0=0.8
and aN=0.8, as degrees of interest, are related to start
point Py and terminal point Py, respectively.

[0037] Then, the degree-of-interest setting unit 63 ob-
tains positions of interest (in this case, Py, P}, P,,, P,,and
Pn) and degrees of interest of a0, al, am, an and aN
corresponding to the positions of interest. Further, the
degree-of-interest setting unit 63 sets a degree of interest
by weighting in such a manner that the degree of interest
is lower than the degree of interest corresponding to the
position of interest as a distance from the obtained posi-
tion of selection is longer.

[0038] Inthe embodiment of the present invention, the
degree-of-interest setting unit 63 sets a degree of inter-
est, based on the following expression (1), in such a man-
ner that the degree of interest is in inverse proportion to
a distance from the position of interest. Here, p repre-
sents an arbitrary point on the path. Further, Pq and aq
(0<qg<N) represent a position of interest and a degree of
interest corresponding to the position of interest. Here,
each of a relative degree or degrees of interest F(p) for
the whole path is calculated by using the following ex-
pression (1). In expression (1), Q is a set of positions of
interest. Further, the present invention is not limited to
the embodiment of the present invention. Even if a posi-
tion of interest is not located on the path, as long as the
coordinate of the position of interest and a degree of in-
terest corresponding to the position of interest are ob-
tainable, it is possible to calculate a relative degree of
interest at each position on the path by using the following
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expression (1). In the following expression (1), Pq and
aq representaposition of interest with a shortest distance
from position p and its degree of interest, respectively:

-
z

F(p)=aq/ [1+(p-Pg) ] (1).

[0039] Further, in the embodiment of the present in-
vention, the degree-of-interest setting unit 63 sets the
degree of interest based on the curvature of the path
further by weighting in such a manner that the degree of
interest is higher as the curvature of the path is larger.
Specifically, the degree-of-interest setting unit 63 calcu-
lates a curvature at each position on path P, and sets,
based on the curvature, degree of interest Fc (p) for each
of the positions on path P in such a manner that the de-
gree of interest is higher as the curvature is larger. Then,
the degree-of-interest setting unit 63 further adds degree
of interest Fc (p) based on the curvature by weighted
addition to the aforementioned degree of interest F(p) to
obtain relative degree of interest F(p) (=F(p)+aFc(p),
where a is a predetermined weighting coefficient) for the
whole path. Here, itis assumed that weighting coefficient
o has been set in such a manner that the product of the
maximum value of Fc (p) and « is less than or equal to
0.5 so that the maximum value of degree of interest Fc
(p) based on the curvature is lower than the maximum
value of degree of interest F(p) related to the position of
interest.

[0040] Figure 3, Section a is a diagram illustrating an
image representing degree of interest F(p)’, which has
been obtained as described above, by grayscale in such
a manner that the image is darker as the degree of inter-
est is higher. In the example of Figure 3, Section a, the
degrees of interest are set in such a manner that the
degree of interest is lower as a distance from position of
interest Py, P, P,,, P,, and Py is longer. Relatively high
degrees of interest are set for positions included in the
ranges represented by P;, P; and P, based on the curva-
tures.

[0041] The discrimination condition obtainment unit 64
obtains a discrimination condition for identifying, based
on the degree or degrees of interest, a virtual endoscopic
image or images to be generated from a three-dimen-
sionalimage. In the embodiment of the present invention,
the discrimination condition is a threshold condition for
identifying a virtual endoscopic image or images to be
generated. A threshold defined in the threshold condition
may be, for example, a default value, which has been set
in advance, or a value set by a user or the like by using
the inputdevice 8. Further, in the medicalimage process-
ing apparatus according to the embodiment of the
present invention, the discrimination condition (a thresh-
old in this case) is changeable by a input by the user or
the like at the input device 8. The discrimination condition
obtainment unit 64 obtains, based on the change in the
discrimination condition, a discrimination condition after
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change.

[0042] Inthe embodiment of the present invention, the
image generation unit 65 generates, based on three-di-
mensional image V, only a virtual endoscopic image or
images identified based on the discrimination condition.
Specifically, the image generation unit 65 generates,
based on the threshold defined in the discrimination con-
dition, only a virtual endoscopic image or images viewed
from a viewpoint or viewpoints corresponding to a degree
of interest or degrees of interest that are higher than the
threshold. Accordingly, virtual endoscopicimage I, which
is viewed from a position with a degree of interest that is
higher than the threshold, is generated from three-dimen-
sionalimage V. As a specific method of center projection,
for example, a known volume rendering method may be
used. Further, a viewing angle (the range of view lines)
and the center of a viewing field (the center of a projection
direction) may be given in advance by a boot parameter
of a setting file or a program, an inputby a user, or the like.
[0043] Meanwhile, Figure 3, Sections b and cillustrate
identified positions of interest of the positions of interest
along the pathillustrated in Figure 3, Section a. The iden-
tified positions of interest based on different discrimina-
tion conditions are illustratedin colorin Figure 3, Sections
b and c, respectively. For example, when a user wants
to generate a minimum number of virtual endoscopic im-
ages, if threshold T is set, for example, at 0.75 as illus-
trated in Figure 3, Section c, it is possible to generate
only a virtual endoscopic image at each position included
in black areas in the vicinities of Py, P, and Py, which
satisfy the discrimination condition that degree of interest
F(p) is 0.75 or higher. Further, when a user wants to
observe virtual endoscopic images in a wide range to
some extent, if threshold T is set, for example, at 0.45
as illustrated in Figure 3, Section c, it is possible to gen-
erate a virtual endoscopic image at each position includ-
ed in black areas in the vicinity of Po, P,, P, P,, and Py.
[0044] The display control unit 66 displays the gener-
ated virtual endoscopic image or images on the display
of the image processing workstation 3.

[0045] Figure 4 is a flow chart illustrating the flow of
medical image processing according to the first embod-
iment of the presentinvention. The flow of medical image
processing in the first embodiment will be described with
reference to Figure 4.

[0046] First, the image obtainment unit 61 obtains
three-dimensional image V included in a file transferred
from the data server 4, and stores three-dimensional im-
age V in a memory (S01). Next, the path setting unit 62
sets path P along the large intestine in each three-dimen-
sional image (S02). Then, the degree-of-interest setting
unit 63 sets positions of interest Py, P4, P,,, P,, and Py
in path P and degrees of interest corresponding to them.
The degree-of-interest setting unit 63 also calculates,
based on expression (1), degree of interest F(p) at each
position on the path, and further calculates, based on the
curvature of the path, degree of interest Fc(p) at each of
the positions on the path. The degree-of-interest setting
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unit 63 adds these together by weighted addition, and
sets degree of interest F(p)’ at each of the positions, as
illustrated in Figure 3, Section a (S03).

[0047] Next, the discrimination condition obtainment
unit 64 obtains a discrimination condition (S04). Then,
the image generation unit 65 generates each virtual en-
doscopic image | identified based on the discrimination
condition from three-dimensional image V (S05). Then,
the display control unit 66 displays each virtual endo-
scopic image |, which has been generated, on a display
(S06).

[0048] As described, the first embodiment of the
presentinvention sets arelative degree ofinterestateach
of plural positions on a path connecting the plural posi-
tions in the three-dimensional image, obtains a discrim-
ination condition for identifying, based on the set degree
or degrees of interest, a virtual endoscopic image or im-
ages to be generated from the three-dimensional image,
and generates, based on the three-dimensional image,
only the virtual endoscopic image or images identified
based on the discrimination condition. Therefore, it is
possible to easily identify, based on the relative degree
or degrees of interest set for the path, the virtual endo-
scopic image or images to be generated from the three-
dimensional image only by setting the discrimination con-
dition. Hence, a work time and a work load for selectively
generating a virtual endoscopic image or images are re-
duced, and that can assist in improving the efficiency of
image reading.

[0049] In the first embodiment, the discrimination con-
dition for identifying "a virtual endoscopic image or im-
ages to be generated" is used. Alternatively, as in the
second embodiment, the discrimination condition for
identifying "a virtual endoscopic image or images to be
displayed" may be used. The second embodiment differs
from the first embodiment only in that the discrimination
condition identifies a virtual endoscopic image orimages
to be displayed based on the set degree or degrees of
interest, and in that the image generation unit 65 gener-
ates, based on a three-dimensional image, virtual endo-
scopic images for the whole tubular structure or a part of
the tubular structure, and in that the display control unit
66 displays only one or more of the virtual endoscopic
images generated by the display control unit 66 that have
been identified based on the discrimination condition.
Next, a flow of processing in the second embodiment will
be described with reference to the flow chart illustrated
in Figure 4. The different points from the first embodiment
will be mainly described. Explanations will be omitted for
the function of each function block and processing that
are the same as those of the first embodiment.

[0050] In the flow of medical image processing in the
second embodiment, SO1 through S04 are the same as
the firstembodiment. Then, instead of processing in S05,
the image generation unit 65 in the second embodiment
generates, along the path (core line), a predetermined
number of virtual endoscopic image or images | with a
predetermined interval from three-dimensional image V
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(S05’). Then, instead of processing in S06, the display
control unit 66 in the second embodiment displays only
one or more of generated virtual endoscopic images |
that have been identified based on the discrimination
condition on a display (S06’).

[0051] The second embodiment sets a relative degree
ofinterest at each of plural positions on a path connecting
the plural positions in the three-dimensional image, ob-
tains a discrimination condition for identifying, based on
the set degrees of interest, a virtual endoscopic image
orimages to be displayed, and displays only one or more
of the generated virtual endoscopic images that have
been identified based on the discrimination condition.
Therefore, it is possible to easily identify, based on the
relative degrees of interest that have been set for the
path, the virtual endoscopic image or images to be dis-
played from the three-dimensional image only by setting
the discrimination condition. Hence, a work time and a
work load for selectively displaying a virtual endoscopic
image or images are reduced, and that can assist in im-
proving the efficiency of image reading.

[0052] Accordingto the firstand second embodiments,
the degree-of-interest setting unit 63 obtains a position
of interest and a degree of interest corresponding to the
position of interest, and sets a degree of interest by
weighting in such a manner that the degree of interest is
lower than the degree of interest corresponding to the
position of interest as a distance from the obtained posi-
tion of selection is longer. Therefore, it is possible to ap-
propriately set not only the degree of interest at the po-
sition of interest, but also degrees of interest in the vicinity
of the position of interest based on the level of interest
corresponding to the position of interest. Therefore, it is
possible to generate or display, based on the level of
interest, many virtual endoscopic images in the vicinity
of the position of interest, and to omit generation and
display of a virtual endoscopic image in a region away
from the position of interest. In other words, it is possible
to appropriately satisfy a request by a user to intensively
observe the position of interest by observing plural posi-
tions in the vicinity of the position of interest, and to au-
tomatically set a degree or degrees of interest for aregion
in the vicinity of the position of interest if the position of
interest and the degree of interest at the position of in-
terest are obtained. Therefore, a work time and a work
load for selectively generating or displaying a virtual en-
doscopic image or images are appropriately reducible.
[0053] Accordingto the first and second embodiments,
the degree-of-interest setting unit sets the degree of in-
terest by weighting in such a manner that the degree of
interest is in inverse proportion to the distance from the
position of interest. Therefore, it is possible to easily set
a degree or degrees of interest based on the position of
interest.

[0054] Accordingto the first and second embodiments,
the discrimination condition is a threshold condition.
Therefore, it is possible to adjust the number of a virtual
endoscopic image or images to be generated or the
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number of a virtual endoscopic image or images to be
displayed only by adjusting a threshold. Therefore, a
work time and a work load for selectively generating or
displaying the virtual endoscopic image or images are
very appropriately reducible.

[0055] Further, according to the first and second em-
bodiments, the path connects plural positions within a
tubular structure included in the three-dimensional im-
age. Further, the degree-of-interest setting unit sets,
based on a curvature of the path, the degree of interest
by weighting in such a manner that the degree of interest
is higher as the curvature is larger. Therefore, it is pos-
sible to set the degree or degrees of interest to satisfy a
request for intensively observing a region with a large
curvature, and to easily and appropriately generate or
display a virtual endoscopic image at a position based
on its curvature. Especially, when the virtual endoscopic
image is a virtual laparoscopic endoscopic image, it is
possible to seta degree of interest to appropriately satisfy
a request at a medical treatment site for observing a
curved or bent region of the large intestine. Therefore, it
is possible to easily and appropriately generate or display
a virtual endoscopic image of the curved or bent region
of the large intestine.

[0056] Accordingtothe firstand second embodiments,
when the discrimination condition has been changed, the
display control unit 66 displays only a virtual endoscopic
image or images based on the discrimination condition
after change. Therefore, it is possible to flexibly satisfy
the request by the user. Further, it is possible to easily
adjust a generation amount and a display amount of the
virtual endoscopic image or images.

[0057] Here, the first embodiment and the second em-
bodiment may be combined together, and the image gen-
eration unit 65 may generate only a virtual endoscopic
image orimages identified based on a discrimination con-
dition, and the display control unit 66 may display only
the virtual endoscopic image or images identified based
on a discrimination condition. In this case, the discrimi-
nation conditions may include a condition for identifying
a virtual endoscopic image or images for generation and
a condition for identifying a virtual endoscopic image or
images for display, respectively.

[0058] As athird embodiment, an application example
of the degree-of-interest setting unit 63 of the first em-
bodiment will be described with reference to Figure 5 and
Figure 6. When the tubular structure has a branching
part, the degree-of-interest setting unit 63 in the third em-
bodiment sets a position of interest in the branching part.
The function of each unit and processing other than
processing for setting a degree of interest by the degree-
of-interest setting unit 63 are the same as the first em-
bodiment. Therefore, the different point between the first
embodiment and the third embodiment will be mainly de-
scribed. Explanations will be omitted for the function and
processing that are the same as those of the first em-
bodiment.

[0059] Figure 5 is a diagram illustrating an example in
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which branching positions of branching parts automati-
cally obtained by using a known method are set as po-
sitions of interest P|, P,,, and P, for bronchi, which are a
tubular structure having branching parts. Figure 6 is a
diagram representing degrees of interest corresponding
to Figure 5 by grayscale in such a manner to be darker
as the degree of interest is higher.

[0060] As illustrated in Figure 5 and Figure 6, the de-
gree-of-interest setting unit 63 in the third embodiment
obtains positions of interest (in this case, P, P, and P)
representing branching parts and degrees of interest cor-
responding to the positions of interest, and sets a degree
of interest by weighting in such a manner that the degree
of interest is lower than a degree of interest correspond-
ing to the position of interest as a distance from the ob-
tained position of selection is longer. Here, start point P,
and terminal point Py of the path are automatically set
as positions of interest in a similar manner to the first
embodiment. The degree-of-interest setting unit 63 cal-
culates, based on the following expression (2), a degree
of interest corresponding to the position of interest, and
sets the degree of interest, as illustrated in Figure 6. In
expression (2), Q: a set of a position or positions of in-
terest on the path (in this case, a set of branching parts
of the bronchi on the path), and:

F(p)=1/[1+minpeeo (p-Py) %]  (2).

[0061] In the third embodiment, the virtual endoscopic
image is a virtual bronchial endoscopic image, and the
position of interest is a branching part of a bronchus or
bronchiincluded in the three-dimensional image. There-
fore, it is possible to appropriately and easily generate
ordisplay a virtual endoscopic image or images to satisfy
a request by a user who wants to check a branching
position for a bronchial endoscope.

[0062] In the third embodiment, as the method for ob-
taining the position of a branching part, as a position of
interest, a position that has been manually input may be
obtained as the position of interest. Alternatively, a posi-
tion that has been judged as a branching part by using
a known method may be automatically obtained as the
position of interest.

[0063] In each of the aforementioned embodiments,
the degree-of-interest setting unit may use, as a relative
degree of interest, only one of a degree of interest based
on a position of interest, a degree of interest based on a
curvature and a degree of interest based on a branching
part. Alternatively, the degree-of-interest setting unit may
use, as the relative degree of interest, an arbitrary com-
bination of two or more of a degree of interest based on
a position of interest, a degree of interest based on a
curvature and a degree of interest based on a branching
part. Further, weighting may be performed on the relative
degree of interest in each of the embodiments by using
another degree of interest or other degrees of interest.
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Further, a relative degree of interest may be set by com-
bining plural degrees of interest, such as a degree of
interest based on a position of interest, a degree of in-
terest based on a curvature and a degree of interest
based on a branching part, by using an arbitrary method
as long as the relative degree of interest is settable for
the path. Further, instead of expression (1), an arbitrary
expression in which the degree of interest is lower as a
distance from the position of interest is longer may be
used. Further, instead of expression (2), an arbitrary ex-
pression in which the degree of interest is lower as a
distance from the branching part is longer may be used.
[0064] It is not necessary that a path in each of the
embodiments is set along a tubular structure by manual
or automatic extraction processing, as described above.
For example, as illustrated in Figure 7, in the medical
image processing apparatus, the display control unit 66
may generate a display image at an arbitrary predeter-
mined initial position by using a predetermined display
method. While the display image is displayed, the display
control unit 66 may display movement buttons for up,
down, left, right, front and back directions. The display
control unit 66 may display, based the kind of the move-
ment button and the number of a click or clicks of a mouse
or the like by the user, a new display image at a position
moved in the input movement direction by a predeter-
mined movement amount corresponding to the number
of the click or clicks. Further, the path setting unit 62 may
store information for identifying positions of display im-
ages (display positions), and set a path by connecting
the display positions in the order of display. Even if an
arbitrary path that is not related to a structure included
in three-dimensional image V is set in this manner, if a
position of interest, as indicated by an arrow in Figure 7,
and a corresponding degree of interest are obtainable,
it is possible to achieve a similar effect to each of the
aforementioned embodiments by setting a degree of in-
terest, based on expression (1), in such a manner that
the degree of interest is lower as a distance from the
position of interest is longer.

[0065] Ineachofthe embodiments, aregion of interest,
such as a lesion region, may be extracted by using a
known computer-aided diagnosis technique (CAD tech-
nique), and a position representing the region of interest
(for example, the center of gravity of the region of inter-
est), such as a point included in the extracted region of
interest, may be obtained as a position of interest.
[0066] In each of the embodiments, the discrimination
condition obtainment unit 64 may obtain the number of
a virtual endoscopic image orimages to be generated or
the number of a virtual endoscopic image or images to
be displayed. Further, the discrimination condition ob-
tainment unit 64 may automatically set a discrimination
condition based on the obtained number of a virtual en-
doscopic image or images to be generated or the ob-
tained number of a virtual endoscopic image or images
to be displayed. When at least the number of a virtual
endoscopic image or images to be generated or the
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number of a virtual endoscopic image or images to be
displayed is obtained, it is possible to appropriately and
easily identify only a virtual endoscopic image or images
with a high degree or degrees of interest within the range
of the obtained number of a virtual endoscopic image or
images to be generated or the obtained number of a vir-
tual endoscopic image or images to be displayed. Fur-
ther, it is possible to generate or display the identified
virtual endoscopic image or images. For example, the
discrimination condition obtainment unit 64 may obtain
the number of a virtual endoscopic image or images dis-
playable at a predetermined display speed within a pre-
determined display time, and set a threshold to identify
a virtual endoscopic image or images corresponding to
the obtained number of a virtual endoscopic image or
images. In this case, it is possible to further reduce the
work of setting the discrimination condition, and it is pos-
sible to easily identify a virtual endoscopic image or im-
agesdisplayable at a predetermined display speed within
a predetermined display time.

[0067] Inthefirstembodiment,discrimination condition
obtainment processing may be performed any time as
long as the processing is performed before image gen-
eration processing. In the second embodiment, discrim-
ination condition obtainment processing may be per-
formed any time as long as the processing is performed
before display control processing. Further, each of the
aforementioned embodiments may be combined in an
arbitrary manner.

[0068] Each of the aforementioned embodiments is
only an example, and none of the descriptions should be
used to construe the technical scope of the present in-
vention in a limited manner. Further, the system config-
uration, the hardware configuration, the flow of process-
ing, the module configuration, user interface, the specific
contents of processing and the like in the aforementioned
embodiments may be modified in various manners with-
out departing from the spirit of the present invention, and
such modifications remain within the technical scope of
the present invention.

[0069] Further, the configuration illustrated in Figure 1
may include plural image processing workstations 3, and
processing may be shared by the workstations.

Claims
1. A medical image processing apparatus comprising:

an image obtainment unit that obtains a three-
dimensional image obtained by imaging a pa-
tient;

a degree-of-interest setting unit that sets a rel-
ative degree of interest at each of a plurality of
positions on a path connecting the plurality of
positions in the three-dimensional image;

a discrimination condition obtainment unit that
obtains a discrimination condition for identifying,
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based on the set degree or degrees of interest,
a virtual endoscopic image orimages to be gen-
erated from the three-dimensional image; and
an image generation unit that generates, based
on the three-dimensional image, only the virtual
endoscopic image or images identified based
on the discrimination condition.

2. A medical image processing apparatus comprising:

an image obtainment unit that obtains a three-
dimensional image obtained by imaging a pa-
tient;

a degree-of-interest setting unit that sets a rel-
ative degree of interest at each of a plurality of
positions on a path connecting the plurality of
positions in the three-dimensional image;

an image generation unit that generates a plu-
rality of virtual endoscopic images from the
three-dimensional image;

a discrimination condition obtainment unit that
obtains a discrimination condition for identifying,
based on the setdegrees of interest, one or more
of the generated virtual endoscopic images to
be displayed; and

a display control unit that displays only one or
more of the generated virtual endoscopic imag-
es that have been identified based on the dis-
crimination condition.

3. The medical image processing apparatus, as de-
fined in Claim 1 or 2, wherein the degree-of-interest
setting unit obtains a position of interest in the three-
dimensional image and a degree of interest corre-
sponding to the position of interest, and sets adegree
of interest by weighting in such a manner that the
degree of interest is lower than the degree of interest
corresponding to the position of interest as a dis-
tance from the obtained position of selection is long-
er.

4. The medical image processing apparatus, as de-

fined in Claim 3, wherein the degree-of-interest set-
ting unit sets the degree of interest in such a manner
that the degree of interest is in inverse proportion to
the distance from the position of interest.

5. The medical image processing apparatus, as de-
fined in any one of Claims 1 to 4, wherein the path
connects the plurality of positions within a tubular
structure included in the three-dimensional image,
and
wherein the degree-of-interest setting unit sets the
degree of interest based on a curvature of the path
by weighting in such a manner that the degree of
interest is higher as the curvature is larger.

6. The medical image processing apparatus, as de-
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fined in any one of Claims 1 to 5, wherein the dis-
crimination condition is a threshold condition for
identifying the virtual endoscopic image or images.

The medical image processing apparatus, as de-
fined in any one of Claims 1 to 6, wherein the dis-
crimination condition obtainment unit obtains the
number of a virtual endoscopic image or images dis-
playable at a predetermined display speed within a
predetermined display time, and sets a threshold of
the threshold condition to identify a virtual endoscop-
ic image or images corresponding to the obtained
number of a virtual endoscopic image or images.

The medical image processing apparatus, as de-
fined in any one of Claims 1 to 7, wherein the virtual
endoscopic image is a virtual bronchial endoscopic
image, and

wherein the position of interest is a branching part
of abronchus or bronchiincluded in the three-dimen-
sional image.

The medical image processing apparatus, as de-
fined in any one of Claims 1 to 8, wherein the virtual
endoscopic image is a virtual laparoscopic endo-
scopic image.

Amedicalimage processing method to be performed
by a medical image diagnosis apparatus comprising:

an image obtainment unit;

a degree-of-interest setting unit;

a discrimination condition obtainment unit; and
an image generation unit, and

the method comprising:

the step of obtaining a three-dimensional
image obtained by imaging a patient;

the step of setting a relative degree of inter-
est at each of a plurality of positions on a
path connecting the plurality of positions in
the three-dimensional image;

the step of obtaining a discrimination con-
dition for identifying, based on the set de-
gree or degrees of interest, a virtual endo-
scopic image or images to be generated
from the three-dimensional image; and
the step of generating, based on the three-
dimensional image, only the virtual endo-
scopic image or images identified based on
the discrimination condition.

A medical image processing program for causing a
computer to function as:

an image obtainment unit that obtains a three-
dimensional image obtained by imaging a pa-
tient;
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a degree-of-interest setting unit that sets a rel-
ative degree of interest at each of a plurality of
positions on a path connecting the plurality of
positions in the three-dimensional image;

a discrimination condition obtainment unit that
obtains a discrimination condition for identifying,
based on the set degree or degrees of interest,
a virtual endoscopic image orimages to be gen-
erated from the three-dimensional image; and
an image generation unit that generates, based
on the three-dimensional image, only the virtual
endoscopic image or images identified based
on the discrimination condition.
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