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Description

Technical Field

[0001] The present invention is related to a three dimensional image analyzing process. Particularly, the present
invention is related to an apparatus and a method for performing a process to detect abdominal cavity regions of subjects
within three dimensional images, and to a program that causes a computer to execute the method.

Background Art

[0002] Amounts of body fat and body fat percentages are measured by detecting regions corresponding to CT values
that represent fat within cross sectional images perpendicular to the axes of the bodies of subjects (axial cross sections)
in the vicinity of the spleens of the subjects, imaged and obtained by CT. A technique has been proposed that separates
the fat regions within the images into subcutaneous fat regions and visceral fat regions by an image analyzing process.
[0003] Specifically, methods have been proposed, in which an outline is tracked along the outer periphery of the
surface of a subject’s body within axial tomographic images obtained by CT, regions of interest on the surface of the
body are extracted, and total fat regions are extracted from within the regions of interest on the surface of the body.
Then, the total fat regions within the regions of interest on the surface of the body are removed, regions corresponding
to the abdominal wall muscle layer are extracted, and the outlines of the abdominal wall muscles are tracked, to extract
visceral regions of interest that surround visceral fat. Thereafter, the visceral fat regions are extracted from within the
visceral regions of interest, and subcutaneous fat regions are extracted by subtracting the visceral fat regions from the
total fat regions (refer to Patent Documents 1 and 2, for example). Generally, there are gaps within the abdominal wall
muscle layer. These methods take these gaps into consideration when tracking the outlines of the abdominal wall
muscles, and the outlines are tracked by rolling a small circle such that it contacts the outer periphery of the abdominal
wall muscle layer.
[0004] In addition, another method for discriminating visceral fat regions from subcutaneous fat regions has been
proposed (refer to Patent Document 3, for example). In this method, axial tomographic images of the abdomen obtained
by CT are classified into skin/muscle pixel regions, fat pixel regions, and subject exterior regions. The skin/muscle pixel
regions adjacent to the subject exterior pixel regions are replaced with the subject exterior pixel regions to remove the
skin/muscle pixel regions that represent the skin on the surface of the body. Then, the skin/muscle pixel regions that
remain after removal are expanded such that the skin/muscle pixel regions that represent the abdominal wall muscle
and the peritoneal membrane completely surround the fat pixel regions that correspond to visceral fat. Thereafter, the
fat pixel regions adjacent to the subject exterior pixel regions and components linked to these pixel regions are labeled.
The labeled regions are expanded toward the interior for an amount corresponding to the amount of expansion of the
aforementioned skin/muscle pixel regions, and designated as subcutaneous fat regions. The fat pixel regions within the
images other than the subcutaneous fat regions are designated as visceral fat. Further, Patent Document 3 discloses
that the aforementioned method may be performed with respect to a plurality of axial tomographic images of the abdomen,
the area of the subcutaneous fat region and the visceral fat region of each of the each image may be multiplied by the
slice thickness of the image, and the sum of the multiplication results for each image may be calculated, to derive the
volume of the subcutaneous fat and the visceral fat within the entirety of the abdomen.

Patent Document 1:
Japanese Unexamined Patent Publication No. 2002-222410
Patent Document 2:
Japanese Unexamined Patent Publication No. 2004-057275
Patent Document 3:
Japanese Unexamined Patent Publication No. 2003-339694

[0005] Segmentation of male abdominal fat using MRI, by Jorgensen, (technical report) discloses a system for accurate
detection of visceral and subcutaneous fat in medical images. Active shape models are used in order to define contours
corresponding to the surface outline, abdominal wall muscle, spine region, and visceral region. These contours are used
to determine image regions in which visceral and subcutaneous fat reside.
[0006] Preliminary Study for Automated Recognition of Anatomical Structure from Torso CT images, by Zhou et al, in
engineering in medicine and biology society, 2005, discloses a system for segmentation of the human torso: The whole
torso is divided into air fat muscle and bone by means of gray- level thresholding. Then, the subcutaneous fat is extracted.
The visceral fat is considered to be the total fat except the subcutaneous fat regions. The abdominal region is a region
surrounded by the bone frame and muscles.
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Disclosure of the Invention

Problem to be Solved by the Invention

[0007] In the case that the axial image illustrated in Figure 14A is employed to measure subcutaneous fat and visceral
fat, for example, a fat region within a region Rgn1 within the abdominal cavity covered by the peritoneal membrane
should be designated as visceral fat, and a fat region within a region Rgn2 between the surface of the body and the
outer periphery of the abdominal wall muscle should be designated as subcutaneous fat. However, a fat region within
a region Rgn3 between the outline of the abdominal cavity and the outer periphery of the abdominal wall muscle in the
vicinity of the area behind the spinal column should not be designated as either subcutaneous fat or visceral fat. Figure
14B illustrates examples of a visceral fat region Rgn1f and a subcutaneous fat region Rgn2f to be extracted at the vicinity
of the upper edge of the abdominal cavity, Figure 14C illustrates examples of a visceral fat region Rgn1f and a subcu-
taneous fat region Rgn2f to be extracted at the vicinity of the center of the abdominal cavity, and Figure 14D illustrates
examples of a visceral fat region Rgn1f and a subcutaneous fat region Rgn2f to be extracted at the vicinity of the lower
edge of the abdominal cavity.
[0008] However, in the methods disclosed in the aforementioned patent documents, the outer periphery of the ab-
dominal wall muscle to the exterior of the peritoneal membrane is used as a reference, and all fat regions toward the
interior thereof are judged to be visceral fat. Therefore, the fat regions within the regions Rgn3 of Figure 14 will be
erroneously judged to be visceral fat. Fat regions are often observed in the vicinities of areas behind the spinal column
in axial tomographic images in the vicinity of the pelvis. Therefore, if the volume of body fat is measured three dimensionally
by calculating the sum of measurement results obtained from a plurality of axial tomographic images of the abdominal
region, the erroneous judgments will cause the amount of errors to become great.
[0009] Meanwhile, in the case that body fat is measured using only axial tomographic images in the vicinity of a
subject’s spleen, the states of structures within the subject included in the images will vary due to the influence of the
subject’s respiration and the like. Therefore, it is not necessarily the case that accurate measurement can be performed.
Accordingly, the method for measuring body fat three dimensionally by calculating the sum of measurement results
obtained from a plurality of axial tomographic images as disclosed in Patent Document 3 is effective for such cases.
[0010] However, the method that defines the boundaries between subcutaneous fat and visceral fat by expanding the
skin/muscle pixel regions that represent the abdominal wall muscle and the peritoneal membrane disclosed in Patent
Document 3 assumes that the visceral fat region is surrounded by the abdominal wall muscle. Therefore, although a
certain degree of accuracy in definition can be expected in axial tomographic images in the vicinity of the spleen, the
assumption fails in axial tomographic images in the vicinity of the pelvis. Accordingly, the boundaries between subcu-
taneous fat and visceral fat cannot be accurately defined in these images.
[0011] As described above, there is demand to more accurately detect the abdominal cavity regions of subjects, in
order to discriminate between subcutaneous fat regions and visceral fat regions, to more accurately measure the body
fat of subjects.
[0012] The present invention has been developed in view of the foregoing circumstances. It is an object of the preset
invention to provide an apparatus, method, and a program for detecting three dimensional abdominal cavity regions that
realize more highly accurate three dimensional detection of the abdominal cavity regions of subjects.

Means for Solving the Problem

[0013] A three dimensional abdominal cavity region extracting apparatus of the present invention as disclosed in claim 1,
[0014] A three dimensional abdominal cavity region extracting method of the present invention as disclosed in claim 7.
[0015] A three dimensional abdominal cavity region extracting program of the present invention causes a computer
to execute the above method.
[0016] Hereinafter, the details of the present invention will be described.
[0017] A human body is a specific example of the "subject".
[0018] Image data that represent the "three dimensional image" may be constructed by a conglomeration of image
data that represent the "plurality of axial tomographic images". Alternatively, the image data that represent the "three
dimensional image" may be image data based on a multi dimensional coordinate system, such as voxel data. In the
latter case, the "plurality of axial tomographic images" are obtained by reconstructing processes based on the image
data that represent the three dimensional image.
[0019] A specific example of a method for detecting the bone boundary points is that in which search reference lines
having end points at both sides of a line that bisects the subject in the horizontal direction are set at positions which are
clearly anatomically in the abdominal cavity region within each of the plurality of axial tomographic images, such that
the distances between the end points become shorter in axial tomographic images that represent lower portions of the
subject, searches are performed along a plurality of lines of sight that do not intersect and extend from a plurality of
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points along the search reference lines toward the exterior of the subject, and points that contact the bone regions first
are detected as the bone boundary points. Here, the two end points of the search reference lines may be the same point
at the lower portions of the subject.
[0020] Specific examples of methods for "estimating curved surfaces within the three dimensional image that sub-
stantially contact the interiors of the plurality of bone boundary points" include that in which predetermined interpolating
calculations are performed with respect to a plurality of bone boundary points, that in which shape models of curved
surfaces obtained by statistical analysis of main component analysis are prepared in advance and a plurality of bone
boundary points are fitted into the shape models, and that in which a multidimensional function that can approximate a
plurality of bone boundary points is estimated.
[0021] Here, the expression "substantially contact the interiors" includes cases in which the plurality of bone boundary
points are contact points with the estimated curved surfaces, and cases in which the plurality of bone boundary points
are equivalent to being in contact with the estimated curved surfaces. A specific example of the latter case is that in
which the estimated curved surfaces and curved surfaces that pass through the plurality of bone boundary point are
similar in shape, the estimated curved surfaces are more toward the interior of the subject than the curved surfaces that
pass through the plurality of bone boundary points, and the distances between corresponding points in the two sets of
curved surfaces are minute (approximately 1mm to 5mm, for example).
[0022] A configuration may be adopted, wherein: the outline of the surface of the body of the subject is extracted from
each of the plurality of axial tomographic images; and the curved surfaces are estimated such that the curved surfaces
do not extend outside the exterior of the surface of the body.
[0023] Further, a configuration may be adopted, wherein: the outline of the exterior of the abdominal wall muscles of
the subject is extracted from within each of the plurality of axial tomographic images; and the curved surfaces are
estimated such that the curved surfaces do not extend outside the outline of the exterior of the abdominal wall muscles.
[0024] Note that here, the curved surfaces maybe estimated in a single step process, based on the bone boundary
points and the outline of the surface of the body and/or the outline of the exterior of the abdominal wall muscles.
Alternatively, the curved surfaces may be estimated in a multiple step process, first based on the bone boundary points,
and then based on the outline of the surface of the body and/or the outline of the exterior of the abdominal wall muscles.
[0025] A configuration may be adopted, wherein: diaphragm portions are extracted from each of the plurality of axial
tomographic images and/or each of a plurality of axial tomographic images obtained from a three dimensional image
that represents the thoracic region of the subject; and a region from within the three dimensional image surrounded by
the extracted diaphragm portions and the curved surfaces is extracted as the three dimensional abdominal cavity region.
In addition, a three dimensional abdominal cavity region may be extracted in a single step process, by estimating the
curved surfaces based on both data regarding the diaphragm portions and data regarding the bone boundary points.
[0026] A configuration may be adopted, wherein: regions having pixel values that correspond to fat of the subject
within the extracted three dimensional abdominal cavity region are discriminated as three dimensional visceral fat regions.
[0027] A configuration may be adopted, wherein: subcutaneous fat regions that represent subcutaneous fat of the
subject are discriminated from within each of the plurality of axial tomographic images, to discriminate three dimensional
subcutaneous fat regions within the three dimensional image.

Advantageous Effects of the Invention

[0028] According to the present invention, bone regions are detected within a plurality of axial tomographic images
obtained from a three dimensional image that represents a portion of the subject from the vicinity of the upper end of
the liver to the vicinity of the pubic symphysis; a plurality of bone boundary points that represent the boundaries between
the detected bone regions and regions positioned toward the interiors of the bone regions are detected within the plurality
of axial tomographic images; and curved surfaces within the three dimensional image that substantially contact the
interiors of the plurality of bone boundary points detected in each of the plurality of axial tomographic images are
estimated; and a region surrounded by the curved surfaces is extracted as a three dimensional abdominal cavity region.
[0029] Here, the estimated curved surfaces substantially contact the interiors of the plurality of bone boundary points
that represent the boundaries between the bone regions and regions positions toward the interiors of the bone regions
within the subject. Therefore, the curved surfaces are positioned toward the interior of the spinal column in the vicinity
of the spinal column within the axial tomographic images. Accordingly, the regions Rgn3 between the outline of the
abdominal cavity and the outer periphery of the abdominal wall muscle in the vicinity of the area behind the spinal column
are outside the abdominal cavity region, and the extraction accuracy of the abdominal cavity region is improved. In the
case visceral fat is measured, for example, the regions Rgn3 are removed from the visceral fat regions, and therefore,
the accuracy of fat region discrimination is improved.
[0030] In addition, the plurality of bone boundary points within the plurality of axial tomographic images are utilized
three dimensionally to estimate the curved surfaces to extract the three dimensional abdominal cavity region. Therefore,
the estimation accuracy of the curved surfaces is higher compared to the method disclosed in Patent Document 3, in
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which the regions are discriminated independently for each axial tomographic image, because data regarding the bone
boundary points in the axial direction of the body are also utilized. As a result, the accuracy of abdominal cavity region
extraction is also improved.
[0031] A configuration may be adopted, in which the diaphragm portion of the subject is extracted, and a region within
the three dimensional image surrounded by the extracted diaphragm portion and the curved surfaces is extracted as
the three dimensional abdominal cavity region. In this case, the extraction accuracy with respect to the upper edge
portion of the abdominal cavity is improved.
[0032] Configurations may be adopted, in which the outline of the surface of the subject’s body or the outline of the
exterior of the abdominal wall muscles are extracted, and the curved surfaces are estimated such that they do not extend
outside the extracted outlines. In these cases, the curved surfaces being estimated as shapes that protrude outside of
these outlines in portions of the subject in the vicinity of the abdomen where no ribs or pelvis are present can be avoided.
Therefore, the accuracy of estimation of the curved surfaces in the vicinity of the abdomen is improved. As a result,
accuracy of abdominal cavity region extraction is improved in the vicinity of the abdomen.
[0033] In addition, a configuration may be adopted, wherein: reference lines having end points at both sides of a line
that bisects the subject in the horizontal direction are set at positions which are clearly anatomically in the abdominal
cavity region within each of the plurality of axial tomographic images, such that the distances between the end points
become shorter in axial tomographic images that represent lower portions of the subject, searches are performed along
a plurality of lines of sight that do not intersect and extend from a plurality of points along the search reference lines
toward the exterior of the subject, and points that contact the bone regions first are detected as the bone boundary
points. In this case, the initiation points of the searches include those which are shifted from the center of the subject in
the horizontal direction. Therefore, it becomes possible to set the bone boundary points along the interiors of the spinal
column (vertebrae) positioned at the center. In addition, the search reference lines are set such that the distances
between the end points become shorter in axial tomographic images that represent lower portions of the subject. There-
fore, the search initiation points can be set within the interior of the pelvis in axial tomographic images in the vicinity of
the pelvis. This enables setting of the bone boundary points within the interior of the pelvis, which contributes to im-
provements in the accuracy of estimation of the curved surfaces.

Best Mode for Carrying Out the Invention

[0034] Hereinafter, a three dimensional body fat measuring system in which a three dimensional abdominal cavity
region extracting apparatus of an embodiment of the present invention is incorporated will be described with reference
to the attached drawings.
[0035] Figure 1 is a diagram that illustrates the hardware structure of a medical image information display apparatus
according to a first embodiment of the present invention. As illustrated in Figure 1, the system includes: a modality 1;
an image storage server 2; and an image processing workstation 3. The modality 1, the image storage server 2, and
the image processing workstation 3 are connected via a network 9 such that they can communicate with each other.
[0036] The modality 1 obtains three dimensional medical images (voxel data) V that represent subjects. Specifically,
the modality 1 is a CT apparatus, an MRI apparatus, an ultrasound apparatus, or the like. In the present embodiment,
the three dimensional images V are constituted by image data which are conglomerations of axial tomographic images
obtained by a CT apparatus.
[0037] The image storage server 2 is a computer that stores and manages the medical images V obtained by the
modality 1 and medical image data which are generated by image processes at the image processing workstation 3.
The image storage server 2 is equipped with a high capacity external storage device and database management software
(for example, ORDB (Object Relational Database) management software).
[0038] The image processing workstation 3 is a computer that administers image processes onto three dimensional
medical images V obtained by the modality 1 and three dimensional medical images V obtained from the image storage
server 2 in response to requests by diagnosticians, and displays the processed images. The image processing workstation
3 is equipped with: input devices, such as a keyboard and a mouse, for inputting requests from diagnosticians; a main
memory device of a capacity capable of storing the obtained three dimensional medical images V; and a display for
displaying generated images. A three dimensional body fat measuring process that includes a three dimensional ab-
dominal cavity region extracting process of the present invention is loaded into the image processing workstation 3. This
process is realized by executing a program which is installed from a storage medium such as a CD-ROM. Alternatively,
the program may be downloaded from a server connected to the image processing workstation 3 via a network such as
the Internet, and then installed.
[0039] The storage format and communications among each component via the network 9 are based on a protocol,
such as the DICOM (Digital Imaging and Communications in Medicine) protocol.
[0040] Figure 2 is a block diagram that illustrates portions of the image processing workstation 3 related to the three
dimensional body fat measuring process that includes the three dimensional abdominal cavity region extracting process
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of the present invention. As illustrated in Figure 2, the three dimensional body fat measuring process that includes the
three dimensional abdominal cavity region extracting process of the present invention is realized by: a diaphragm
detecting section 11; a processing target range determining section 12; a bone region extracting section 13; a body
surface outline extracting section 14; a search reference line setting section 15; a bone boundary point detecting section
16; an abdominal wall muscle outline extracting section 17; a three dimensional abdominal cavity region extracting
section 18; a three dimensional abdominal cavity correcting section 19; a fat region extracting section 20; a visceral fat
region discriminating section 21; a subcutaneous fat region discriminating section 22; and a three dimensional body fat
measuring section 23. Hereinafter, the details of each processing section will be described.
[0041] The diaphragm detecting section 11 detects a curved surface DI that represents the diaphragm from the three
dimensional medical image data V. Any method which is known when the present invention is to be executed may be
employed as the detecting method. Examples of such known methods for detecting the curved surface DI that represents
the diaphragm include that in which axial tomographic images toward the side of the thorax from among the three
dimensional medical image data V are employed as inputs, regions having pixel values corresponding to CT values for
air are extracted as lung fields, and the boundary at the lower end of the extracted lung field regions are approximated
by a function, or by fitting into statistical models that represent shapes and outlines (for details, refer to N. Murata, et
al., "Constructing a Diaphragm Model for Automated Segmentation from Torso CT Images", IEICE Technical Report on
Medical Imaging, Vol. 104, No. 579, pp. 107-112, The Institute of Electronics, Information and Communication Engineers,
January 21, 2005). The sagittal tomographic image I3a and the coronal tomographic image I3b of Figure 3 represent an
example of a detected diaphragm DI.
[0042] The processing target range determining section 12 determines axial tomographic images AX1 through AXN
that represent portions from the vicinity of the upper edge of the liver to the vicinity of the pubic symphysis from among
the three dimensional medical image data V, which are to be targets of the three dimensional abdominal cavity region
extracting process. Here, the numerals 1 through N distinguish each axial tomographic image, and in the present em-
bodiment, N is the number of axial tomographic images which are processing targets. The arrow and dotted lines within
the sagittal tomographic image I3a and the coronal tomographic image I3b of Figure 3 represent the range of axial
tomographic images AX1 through AXN, which are processing targets. The axial tomographic images AX1 through AXN
may be determined manually by the following methods. The sagittal image tomographic image I3a or the coronal tomo-
graphic image I3b of Figure 3 is displayed on a screen, and a user interface may prompt a user to specify an axial
tomographic image AX1 (in the vicinity of the upper edge of the liver, indicated by the upper dotted line) and an axial
tomographic image AXN (in the vicinity of the pubic symphysis, indicated by the lower dotted line) by operating the
mouse. Alternatively, the user interface may sequentially display axial tomographic images of the subject while moving
the slice positions, and receive specification of a starting point and an end point of the processing target range by the
user operating the mouse, when an axial tomographic image in the vicinity of the upper edge of the liver (the axial
tomographic image AX1 of Figure 3) and an axial tomographic image in the vicinity of the pubic symphysis (axial tomo-
graphic image AXN of Figure 3) are displayed. As a further alternative, an axial tomographic image AX1 (in the vicinity
of the upper edge of the liver, indicated by the upper dotted line) and an axial tomographic image AXN (in the vicinity of
the pubic symphysis) may be automatically determined employing an image discriminating process. For example, the
portion discriminating process proposed in Japanese Patent Application No. 2007-104846 may be applied. That is,
classifiers are generated with respect to axial tomographic images of the vicinity of the upper edge of the liver and axial
tomographic images of the vicinity of the pubic symphysis, by performing learning based on the AdaBoost method
employing a plurality of types of features such as the percentage of air and bone within images, calculated from a plurality
of learning sample images which are known to represent the aforementioned portions, and a plurality of sample images
which are known not to represent the aforementioned portions. The same features are calculated from each axial
tomographic image which is a target of judgment, and the features calculated from each image are input to the classifiers
fro each portions, to obtain scores that represent the likelihood that the images represent the aforementioned portions.
The axial tomographic images that have the highest scores for each portion can be automatically determined to be the
starting point and the end point of the processing target range. As still another alternative, a portion discriminating process
that does not employ the classifiers generated by the aforementioned learning process may be executed. In this alternate
portion discriminating process, score tables that define the relationships among the features and the scores may be
generated experimentally/empirically/statistically. The scores may be calculated with respect to the features which are
calculated from each axial tomographic image which is a target of judgment from the score tables.
[0043] The bone region extracting section 13 extracts regions having pixel values corresponding to CT values for
bones as bone regions BR1 through BRN, from within the axial tomographic images AX1 through AXN.
[0044] The body surface outline extracting section 14 extracts body surface outlines SC1 through SCN from within the
axial tomographic images AX1 through AXN. Any method which is known when the present invention is to be executed
may be employed as the extracting method. An example of such a known method is that in which the axial tomographic
images AX1 through AXN are binarized, and then the body surface outlines SC1 through SCN are extracted by an outline
extracting process (for details, refer to Japanese Unexamined Patent Publication No. H9(1997)-187444).
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[0045] The search reference line setting section 15 sets search reference lines SL1 through SLN, which will be refer-
ences for processes for extracting bone boundary points and the outlines of the exteriors of abdominal wall muscles to
be described later. Figure 4 is a flow chart that illustrates an example of a specific setting method. In addition, the sagittal
image I5a of Figure 5 is obtained from the three dimensional medical image data V, and indicates the slice positions of
several axial tomographic images with dotted lines. Further, Figure 5 schematically illustrates setting methods for search
reference lines with respect to axial tomographic images AX1 and AXN in the vicinities of the upper edge of the liver and
the pubic symphysis.
[0046] First, the search reference line setting section 15 reads out the axial tomographic image AX1 (step #21), obtains
data regarding the body surface outline SC1 extracted by the body surface outline extracting section 14 (step #22), sets
a rectangle RT1, the exterior of which contacts the body surface outline SC1 (step #23), and sets X and Y axes having
the intersection of the diagonals of the rectangle RT1 as their origins (step #24). Next, an upper intersection PI11 between
the Y axis and the body surface outline SC1 is detected, by searching along the Y axis from the origin toward the front
of the subject (step #25). Further, a lower intersection PI12 between the Y axis and the body surface outline SC1 or a
point having a pixel value corresponding to a bone CT value is detected, by searching along the Y axis from the origin
toward the back of the subject, by judging whether search points have pixel values corresponding to bone CT values,
and judging whether search points are a point along the body surface outline SC1 (step #26). Here, because a vertebra
is present within the axial tomographic image AX1, the lower intersection PI12 is a point having a pixel value that corre-
sponds to a bone CT value. Accordingly, the search reference line setting section 15 judges that the structure at the
lower intersection PI12 is a bone (step #27: BONE), and stores the point as the most forward point of the outline of the
vertebra within the subject (hereinafter, referred to as "vertebral outline point") in a predetermined memory region (step
#28). Then, the midpoint SO1 between the two intersections PI11 and PI12 is set as a search reference origin point (step
#29).
[0047] The search reference line setting section 15 repeatedly performs the processes of steps #21 through #29 with
respect to all of the remaining axial tomographic images AX2 through AXN (step #30: YES), and obtains search reference
origin points SO2 through SON. The image at the lower right of Figure 5 represents the setting results for the search
reference origin point SON, which is set within the axial tomographic image AXN in which a vertebra is not present. As
illustrated in Figure 5, in the case that a vertebra is not present within an image, the intersection between the Y axis and
the body surface outline SCN becomes the lower intersection PIN2, the process of step #28 is skipped (step #27: BODY
SURFACE), and the search reference origin point SON becomes the midpoint between the two intersections of the Y
axis and the body surface outline SCN.
[0048] Next, after the search reference origin points SO1 through SON have been set for all of the processing target
axial tomographic images AX1 through AXN (step #30: NO), the search reference line setting section 15 approximates
the data regarding the vertebral outline points stored in the predetermined memory region, that is, group of discrete
points that represent the most forward points of the outline of the vertebrae within the subject, with a predetermined
continuous function, to extract a vertebral line (VL in sagittal image I5a of Figure 5) (step #31). Then, a slice position
AXL5 at which the vertebral line VL bends rapidly when viewed from the sagittal direction is obtained (step #32). Ana-
tomically, this position is the position of the fifth lumbar vertebra.
[0049] Finally, the search reference line setting section 15 sets two points SP11 and SP12 through SPN1 and SPN2
(hereinafter, referred to as "search reference end points") within each axial tomographic image AX1 through AXN which
are positioned at either side of the Y axis and are separated from the search reference origin points SO1 through SON
for predetermined distances in the direction of the X axis (the horizontal direction of the subject), and determines line
segments that connect the search reference end points within each axial tomographic image AX1 through AXH as search
reference lines SL1 through SLN.
[0050] Here, the distances between the search reference end points are set at a predetermined distance, which has
been obtained statistically/empirically in advance such that both of the two search reference end points are included
within the abdominal cavity region, from the axial tomographic image AX1 at the vicinity of the upper edge of the liver to
the axial tomographic image AXL5 at the fifth lumbar vertebra. In axial tomographic images that represent slice positions
below the fifth lumbar vertebra, the distances between the search reference end points are set such that they become
smaller at lower axial tomographic images, and such that the search reference end points converge to a single point
(such that the distance becomes 0) in the axial tomographic image AXN at the vicinity of the pubic symphysis. The image
at the left of Figure 6 illustrates the search reference end points which have been set in this manner within a coronal
tomographic image. The image at the center of Figure 6 illustrates these search reference end points within a sagittal
tomographic image. In Figure 6, adjacent search reference points among the search reference origin points SO1 through
SON are connected by lines, resulting in the line denoted as line SO. Similarly, adjacent search reference end points
from among the search reference end points SP11 through SPN1 and the search reference end points SP12 through
SPN2, which are on the same sides of the search reference origin points are connected by lines, resulting in bent lines
SP1 and SP2. A shape model that defines a reference coordinate system for extracting the abdominal cavity region,
represented by coordinated axes having the two bent lines SP1 and SP2 as axes and illustrated in the image toward the
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right of Figure 6, is generated in this manner. Note that in the above description, the distances between the search
reference end points are set within each axial tomographic image such that the lines that connect the search reference
end points SP11 through SPN1 and the search reference end points SP12 through SPN2 are bent lines. Alternatively,
these distances may be obtained by employing a function.
[0051] The bone boundary point detecting section 16 sets a plurality of search reference points along the search
reference lines SL1 through SLN, sets sight lines that extend radially toward the exteriors of the search reference end
points SP11 through SPN1 and SP12 through SPN2, and sets sight lines that extend in the upper and lower directions of
the search reference points other than the search reference end points. Searches are conducted along each sight line
toward the exterior of the subject, and the points at which contact is first made with bone regions BR1 through BRN are
detected as bone boundary points BP1 through BPN. Here, it is preferable for the sight lines to be set within each axial
tomographic image such that they do not intersect with each other, from the viewpoint of processing efficiency and the
positions of bone boundary points to be detected. Note that a plurality of the bone boundary points are present within
each axial tomographic image. However, in order to simplify the explanation, each of the reference designations BP1
through BPN denote a plurality of bone boundary points within each axial tomographic image.
[0052] Figure 7 is a diagram that illustrates detection results for bone boundary points within an axial tomographic
image positioned at a comparatively upward position from among the axial tomographic image AX1 through AXN, which
are targets of processing. As illustrated in Figure 7, boundary points with the ribs and the vertebra (the points denoted
by circles in Figure 7. the same applies hereafter) are detected. Figure 8 is a diagram that illustrates detection results
for bone boundary points within an axial tomographic image positioned at a central position from among the axial
tomographic image AX1 through AXN, which are targets of processing. As illustrated in Figure 8, because ribs are not
present at this position, only the boundary points with the vertebrae are detected. Figure 9 is a diagram that illustrates
detection results for bone boundary points within an axial tomographic image positioned at a position comparatively
lower than the fifth lumber vertebra, from among the axial tomographic images AX1 through AXN. As illustrated in Figure
9, the pelvis appears in the image at this position, and therefore, a boundary point with a bone that forms the sacrum is
detected. Note that because this axial tomographic image is at a slice position lower than the fifth lumbar vertebra, the
distance between the search reference end points is shorter than those within Figures 7 and 8. Figure 10 is a diagram
that illustrates detection results for bone boundary points within the axial tomographic image AXN positioned at the lowest
position from among the axial tomographic images AX1 through AXN. A boundary point with a bone that forms the pelvis,
such as the coccyx, is detected. In addition, because the search reference endpoints are converged at the search
reference origin point, the sight lines are set to extend radially 360 degrees from this point.
[0053] The abdominal wall muscle outline extracting section 17 searches from the body surface to search reference
points along the search reference lines SL1 through SLN, along a plurality of sight lines which have been set in a manner
similar to that during the processes performed by the bone boundary points detecting section 16. After points on the
body surface outlines SC1 through SCN extracted by the body surface outline extracting section 14 are passed through,
boundary points at which regions (subcutaneous fat regions) having pixel values corresponding to fat CT values transition
to regions (abdominal wall muscle regions) having pixel values corresponding to muscle CT values are detected. The
boundary points which are detected along each sight line are three dimensionally interpolated, to extract outlines AMC1
through AMCN that represent the outlines of the exteriors of the abdominal wall muscles. The points denoted by triangular
marks within Figures 7 through 10 are examples of the outlines of the abdominal wall muscles detected by the process
described above. Note that because the manners in which the sight lines are set by the bone boundary point detecting
section 16 and the abdominal wall muscle outline extracting section 17 are the same, the setting processes for the sight
lines may be incorporated into a single process. In this case, the searches from the search reference points toward the
body surface may be performed to detect the bone boundary points BP1 through BPN, and thereafter, the searches from
the body surface toward the search reference points may be performed to extract the outlines AMC1 through AMCN of
the abdominal wall muscles. In addition, the process for extracting the outlines AMC1 through AMCN of the abdominal
wall muscles is not limited to the process described above, and any known process may be employed.
[0054] The three dimensional abdominal cavity region extracting section 18 extracts a three dimensional abdominal
cavity region ACR0, based on the bone boundary points BP11-1M through BPN1-NM, and the body surface outlines SC1
through SCN within each of the axial tomographic images AX1 through AXN, and the curved surface DI that represents
the diaphragm.
[0055] First, the three dimensional abdominal cavity region extracting section 18 performs a process that estimates
an abdominal cavity candidate region Act-.,, based on bone boundary points BP1 through BPN and the body surface
outlines SC1 through SCN within the axial tomographic images AX1 through AXN. Here, a method that employs the RBF
(Radial Basis Function) interpolating process will be described as a specific example of the estimating method.
[0056] RBF interpolation is a method that estimates a continuous multi dimensional insertion function that passes
through discrete points assigned within an image space, of which attributes are known, as smoothly as possible.
[0057] First, as illustrated in Figure 11A, values (hereinafter, referred to as height values) of "0" for extracting the three
dimensional abdominal cavity region ACR0 are assigned to the positions of the bone boundary points BP11-1M through
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BPN1-NM (indicated by circular marks) within each of the axial tomographic images Ax1 through AXN. Height values of
"1" are assigned to the positions of the body surface outlines SC1 through SCN (indicated by the bold line toward the
exterior). Then, height values of "-1" are assigned to positions within the abdominal cavity region (indicated by triangular
marks), which are positions 1mm to 5mm toward the interior of the subject’s body from the positions of the bone boundary
points BP11-1M through BPN1-NM. Figure 11B is a diagram that represents only positions within the axial tomographic
image of Figure 11A, to which height values have been assigned.
[0058] The positions to which the height values have been assigned within all of the axial tomographic images AX1
through AXN are represented by the following vector ci. 

wherein ci
x, ci

y, and ci
z respectively represent the x coordinate value, the y coordinate value, and the z coordinate value

of each of the aforementioned positions. In addition, i is a numeral for identifying each of the aforementioned positions.
[0059] Here, a function f(x) for a desired vector x is represented by Formula (1) below, employing RBF. 

wherein p(x) satisfies Formula (2) below. 

[0060] In addition, examples of a base function φ (x) include functions (3) and (4) below. 

[0061] Here, {di} (1≤i≤n), p0, p1’ p2, and p3 that satisfy the following formulas (5) and (6) are derived. 

wherein (h1) (1≤i≤n) is the height value at each of the aforementioned positions. The function f(x) is determined by the
above calculations.
[0062] Figure 11C is a diagram that schematically illustrates the results of the RBF interpolation, to which multiple
values have been assigned. The region at which the height value is "-1" within the images, that is, the region where the
height value is a negative value, ultimately becomes the abdominal cavity region candidate ACR1. Note that in the case
that the RBF interpolation process is performed employing data regarding the outline of the body surface as described
above, the abdominal cavity region candidate ACR1 will not extend outside the outline of the body surface, because the
height value of the outline of the body surface is "1", and the height values of regions within the body are "1" or less.
[0063] Note that as illustrated in Figures 12A and 12B, the outline of the abdominal cavity region candidate ACR-1
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can be obtained (Figure 12B), by setting a plurality of sigh lines similar to those illustrated in Figures 7 through 10 from
each of the search reference lines SL1 through SLN, which have been set in each of the axial tomographic images AX1
through AXN, and by detecting the boundaries at which the height values change from "-1" to "0" by searching along
each sight line from each of the search reference points (Figure 12A).
[0064] The three dimensional abdominal cavity region extracting section 18 further obtains data regarding the curved
surface DI that represents the diaphragm detected by the diaphragm detecting section 11, and determines the region
of the abdominal cavity region candidate ACR-1 beneath the curved surface DI to be the abdominal cavity region ACR0.
[0065] Note that a method in which shape models of abdominal cavity region candidates obtained by statistical analysis
of main component analysis are prepared in advance, and the plurality of bone boundary points BP1 through BPN are
fitted into the shape models may be employed to extract the abdominal cavity region candidate ACR-1. In addition, the
main component analysis may be performed by designating all bones as a single bone, or by grouping the bones into
specific bone groups. Further, the shape models may be shape models that represent surfaces, density value distribution
models, etc.
[0066] The three dimensional abdominal cavity region correcting section 19 first judges whether the abdominal cavity
region ACR0 extracted by the three dimensional abdominal cavity region extracting section 18 includes any portions that
extend outside the outlines AMC1 through AMCN of the exteriors of the abdominal wall muscles, that is, whether the
abdominal cavity region ACR0 includes portions between the body surface and the outlines of the abdominal wall surfaces.
In the case that such portions are present, the abdominal cavity region ACR0 is corrected such that all portions thereof
are toward the interior of the outlines AMC1 through AMCN of the exteriors of the abdominal wall muscles. Specifically,
searches are conducted again along each of the sight lines set by the bone boundary point detecting section 16, to judge
whether intersections of the sight lines and the outline of the abdominal cavity region ACR0 are present toward the
exterior of the outlines AMC1 through AMCN of the exteriors of the abdominal wall muscles. In the case that such
intersections are present, searches are conducted toward the search reference points along the sight lines on which the
intersections exist, and boundary points with regions at which pixel values transition to those corresponding to fat CT
values (visceral fat regions) after passing through regions having pixel values corresponding to fat CT values (subcu-
taneous fat regions) and regions having pixel values corresponding to muscle CT values (abdominal wall muscle regions)
are detected. Then, correction is performed such that the positions of the detected boundary points are designated as
the outline points of the abdominal cavity region. This correction is effective in cases that subjects have a great amount
of subcutaneous fat toward the front side of the abdomen.
[0067] Further, the three dimensional abdominal region correcting section 19 judges that outline points of the abdominal
cavity region ACR0 which are positioned toward the interiors of the outlines AMC1 through AMCN of the abdominal wall
muscles and of which the pixel values correspond to fat CT values are not correct outline points of the abdominal cavity
region ACR0 but are within the visceral fat region. The three dimensional abdominal region correcting section 19 searches
along the set sight lines from the outline points to the body surface, and detects points at which the pixel values first fall
out of the range of pixel values that correspond to fat CT values. Then, correction is performed such that the detected
points are designated as the outline points of the abdominal cavity region. This correction is effective to correct shifting
of outline points in the rear peritoneal membrane region (the lower left and lower right portions of Figure 8).
[0068] The fat region extracting section 20 extracts regions having pixel values corresponding to fat CT values from
each of the axial tomographic images AX1 through AXN as fat regions FR1 through FRN.
[0069] The visceral fat region discriminating section 21 discriminates portions of the fat regions FR1 through FRN
present within a corrected three dimensional abdominal cavity region ACR1 as visceral fat regions VFR1 through VFRN.
[0070] The subcutaneous fat region discriminating section 22 discriminates portions of the fat regions FR1 through
FRN present toward the exterior of the outlines AMC1 through AMCN of the abdominal wall muscles and toward the
interior of the body surface outlines SC1 through SCN as subcutaneous fat regions SFR1 through SFRN.
[0071] The three dimensional body fat measuring section 23 measures body fat (visceral fat and subcutaneous fat)
based on the visceral fat regions VFR1 through VFRN and the subcutaneous fat regions SFR1 through SFRN within each
of the axial tomogrpahic images AX1 through AXN, and outputs results Rst. Specifically, the areas of the visceral fat
regions VFR1 through VFRN and the subcutaneous fat regions SFR1 through SFRN are calculated, and the calculated
areas are multiplied by slice thicknesses or slice intervals. The sums of the multiplication results for each of the visceral
fat regions and the subcutaneous regions are calculated, to obtain the volume of visceral fat and the volume of subcu-
taneous fat. Here, the visceral fat percentage, the subcutaneous fat percentage, etc. may also be calculated. In addition,
images in which the visceral fat regions are represented in a color different from that which represents subcutaneous
fat regions maybe generated (refer to Figure 13A). Further, the subcutaneous fat regions and the visceral fat regions
may be displayed three dimensionally in different colors, as illustrated in Figure 13B. Still further, the thickness of each
subcutaneous fat portion may be mapped onto an image that three dimensionally represents the body surface, as
illustrated in Figure 13C. Still yet further, the amounts of visceral fat and subcutaneous fat at the slice position of each
axial tomographic image may be displayed as a graph, as illustrated in Figure 13D.
[0072] The determination of the processing target data by each of the aforementioned processing sections, the order
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of the processes performed by each of the processing sections, etc. are controlled by a control section (not shown). The
control section is realized by executing a main program of the three dimensional body fat measuring program that causes
the image processing workstation to execute the three dimensional body fat measuring process. Meanwhile, each of
the aforementioned processing sections are realized by the control section calling up subprograms of the three dimen-
sional body fat measuring program. Input data and parameters to be employed by the called up processing sections are
provided to the processing sections by the control section. The processing sections are configured to transmit a "process
completed" message to the control section when the process to be performed by each processing section is complete.
The control section controls whether the next processing step is to be performed, based on the presence/absence of
these "process completed" messages.
[0073] Next, the flow of the three dimensional body fat measuring process performed by the present embodiment,
that is, the details of the control exerted by the control section, will be described with reference to Figure 2.
[0074] First, when the three dimensional body fat measuring program of the present invention is started, the control
section obtains data that specify three dimensional medical image data V, which is provided as a startup parameter for
the program. Then, the control section calls up the processing target range determining section 12 and the diaphragm
detecting section 11, provides the data that specify the three dimensional medical image data V, and causes these
sections to perform the processes assigned thereto.
[0075] After receipt of a "process completed" message from the processing target range determining section 12 is
detected, the control section calls up the bone region extracting section 13, the body surface outline extracting section
14, and the fat region extracting section 20, provides these sections with data that specify the axial tomographic images
AX1 through AXN within the processing target range, and causes these sections to perform the processes assigned
thereto.
[0076] Next, after receipt of a "process completed" message from the body surface outline extracting section 14 is
detected, the control section calls up the search reference line setting section 15, provides the data that specify the axial
tomographic images AX1 through AXN within the processing target range and data regarding the body surface outlines
SC1 through SCN thereto, and causes this section to perform the processes assigned thereto.
[0077] After receipt of a "process completed" message from the search reference line setting section 15 is detected,
the control section calls up the abdominal wall muscle outline extracting section 17, provides data that specify the axial
tomographic images AX1 through AXN within the processing target range and data regarding the search reference end
points SP11 through SPN1 and the search reference end points SP12 through SPN2, and causes this section to perform
the processes assigned thereto. Here, if receipt of the "process completed" message from the bone region extracting
section 13 has also been detected, the bone boundary point detecting section 16 is called up, data that specify the axial
tomographic images AX1 through AXN within the processing target range, data regarding the search reference end
points SP11 through SPN1 and the search reference end points SP12 through SPN2, and data regarding the bone regions
BR1 through BRN are provided, and this section is caused to perform the processes assigned thereto.
[0078] When receipt of "process completed" messages from the bone boundary point detecting section 16 and the
diaphragm detecting section 11 is detected, the control section calls up the three dimensional abdominal cavity region
extracting section 18, provides this section with data that specify the axial tomographic images AX1 through AXN within
the processing target range, data regarding the bone boundary points BP11-1M through BPN1-NM, data regarding the
body surface outlines SC1 through SCN, and data DI regarding the diaphragm thereto, and causes this section to perform
the processes assigned thereto.
[0079] When receipt of "process completed" messages from the three dimensional abdominal cavity region extracting
section 18 and the abdominal wall muscle outline extracting section 17 is detected, the control section calls up the three
dimensional abdominal cavity region correcting section 19, provides data regarding the three dimensional abdominal
cavity region ACR0 and the outlines AMC1 through AMCN of the abdominal wall muscles thereto, and causes this section
to perform the processes assigned thereto.
[0080] When receipt of a "process completed" message from the three dimensional abdominal cavity correcting section
19 is detected, the control section confirms that receipt of a "process completed" message from the fat region extracting
section 20 has been detected. Then, the control section calls up the visceral fat region discriminating section 21, provides
the corrected three dimensional abdominal cavity region ACR1 and data regarding the fat regions FR1 through FRN
thereto, and causes this section to perform the processes assigned thereto. In addition, the control section calls up the
subcutaneous fat region discriminating section 22, provides data regarding the body surface outlines SC1 through SCN,
data regarding the outlines AMC1 through AMCN of the abdominal wall muscles, and data regarding the fat regions FR1
through FRN thereto, and causes this section to perform the processes assigned thereto. Note that the subcutaneous
fat region discriminating section 22 may be called up when receipt of "process completed" messages from all of the
body surface outline extracting section 14, the abdominal wall muscle outline extracting section 17, and the fat region
extracting section 20 has been detected.
[0081] When receipt of "process completed" messages from the visceral fat discriminating section 21 and the subcu-
taneous fat discriminating section 22 is detected, the control section calls up the three dimensional body fat measuring
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section 23, provides data regarding the visceral fat regions VFR1 through VFRN and data regarding the subcutaneous
fat regions SFR1 through SFRN thereto, and causes this section to perform the processes assigned thereto. When
receipt of a "process completed" message from the three dimensional body fat measuring section 23 is detected, the
measurement results Rst are caused to be displayed on the display of the image processing workstation 3.
[0082] According to the three dimensional body fat measuring system in which a three dimensional abdominal cavity
region extracting apparatus of an embodiment of the present invention is incorporated, the bone boundary point detecting
section 16 detects the plurality of bone boundary points BP1 through BPN that represent the boundaries between the
bone regions BR1 through BRN and regions positioned toward the interiors of the bone regions BR1 through BRN within
the plurality of axial tomographic images AX1 through AXN that represent a portion of the subject from the vicinity of the
upper end of the liver to the vicinity of the pubic symphysis. The three dimensional abdominal cavity region extracting
section 18 estimates curved surfaces within each of the plurality of axial tomographic images AX1 through AXN that
substantially contact the interiors of the detected plurality of bone boundary points BP1 through BPN detected. The region
surrounded by the curved surfaces is extracted as the three dimensional abdominal cavity region.
[0083] Here, the estimated curved surfaces substantially contact the interiors of the plurality of bone boundary points
BP1 through BPN that represent the boundaries between the bone regions BR1 through BRN and regions positions
toward the interiors of the bone regions BR1 through BRN within the subject. Therefore, the curved surfaces are positioned
toward the interior of the spinal column in the vicinity of the spinal column within the axial tomographic images AX1
through AXN. Accordingly, the regions between the outline of the abdominal cavity and the outer periphery of the abdominal
wall muscle in the vicinity of the area behind the spinal column are outside the abdominal cavity region, and the extraction
accuracy of the abdominal cavity region is improved (refer to Figure 13A). In the case visceral fat is measured, for
example, these regions are removed from the visceral fat regions, and therefore, the accuracy of fat region discrimination
is improved.
[0084] In addition, the plurality of bone boundary points BP1 through BPN within the plurality of axial tomographic
images are utilized three dimensionally to estimate the curved surfaces to extract the three dimensional abdominal cavity
region. Therefore, the estimation accuracy of the curved surfaces is higher compared to the method disclosed in Patent
Document 3, in which the regions are discriminated independently for each axial tomographic image, because data
regarding the bone boundary points in the axial direction of the body are also utilized. As a result, the accuracy of
abdominal cavity region extraction is also improved.
[0085] Further, the diaphragm detecting section 11 extracts the diaphragm portion DI of the subject, and the three
dimensional abdominal cavity region extracting section 18 extracts the region within the three dimensional image sur-
rounded by the extracted diaphragm portion DI and the curved surfaces as the three dimensional abdominal cavity
region. Therefore, the extraction accuracy with respect to the upper edge portion of the abdominal cavity is improved.
[0086] The body surface outline extracting section 14 extracts the outlines SC1 through SCN of the surface of the
subject’s body, and the abdominal wall muscle outline extracting section 17 extracts the outlines AMC1 through AMCN
of the exterior of the abdominal wall muscles. The three dimensional abdominal cavity region extracting section 18
estimates the curved surfaces such that they do not extend outside the extracted outlines SC1 through SCN of the surface
of the subject’s body. In addition, the three dimensional abdominal cavity region correcting section 19 corrects the curved
surfaces such that they do not extend outside the extracted outlines AMC1 through AMCN of the abdominal wall muscles.
Therefore, the curved surfaces being estimated as shapes that protrude outside of these outlines in portions of the
subject in the vicinity of the abdomen where no ribs or pelvis are present can be avoided. Accordingly, the accuracy of
estimation of the curved surfaces in the vicinity of the abdomen is improved. As a result, accuracy of abdominal cavity
region extraction is improved in the vicinity of the abdomen..
[0087] The bone boundary point detecting section 16 sets search reference lines SL1 through SLN having end points
at both sides of a line that bisects the subject in the horizontal direction are set at positions which are clearly anatomically
in the abdominal cavity region are set within each of the plurality of axial tomographic images AX1 through AXN, such
that the distances between the end points become shorter in axial tomographic images that represent lower portions of
the subject. Then, searches are performed along a plurality of lines of sight that do not intersect and extend from a
plurality of points along the search reference lines SL1 through SLN toward the exterior of the subject, and points that
contact the bone regions BR1 through BRN first are detected as the bone boundary points BP1 through BPN. In this case,
the initiation points of the searches include those which are shifted from the center of the subject in the horizontal
direction. Therefore, it becomes possible to set the bone boundary points BP1 through BPN along the interiors of the
spinal column (vertebrae) positioned at the center. In addition, the search reference lines SL1 through SLN are set such
that the distances between the end points become shorter in axial tomographic images that represent lower portions of
the subject. Therefore, the search initiation points can be set within the interior of the pelvis in axial tomographic images
in the vicinity of the pelvis. This enables setting of the bone boundary points within the interior of the pelvis, which
contributes to improvements in the accuracy of estimation of the curved surfaces.
[0088] The invention is defined by the appended claims.
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Brief Description of the Drawings

[0089]

[Figure 1] a schematic diagram that illustrates the three dimensional body fat measuring system, in which the three
dimensional abdominal cavity region extracting process according to an embodiment of the present invention is
incorporated

[Figure 2] a block diagram that schematically illustrates the structures and flow of processes that realize the three
dimensional body fat measuring function of the embodiment of the present invention

[Figure 3] diagrams that illustrate an example of detection results for the diaphragm and examples of axial tomo-
graphic images within a processing target range

[Figure 4] a flow chart that illustrates the steps of the search reference line setting process

[Figure 5] diagrams that illustrates an example of the setting method for search reference lines

[Figure 6] diagrams that represent the positions of the search reference end points within a coronal tomogrpahic
image and a sagittal tomogrpahic image, and a shape model in which a reference coordinate system for the abdominal
cavity region is defined

[Figure 7] a diagram that illustrates detection examples of bone boundary points and abdominal wall muscle outline
points within an axial tomographic image of the upper abdominal cavity

[Figure 8] a diagram that illustrates detection examples of bone boundary points and abdominal wall muscle outline
points within an axial tomographic image of the central portion of the abdominal cavity

[Figure 9] a diagram that illustrates detection examples of bone boundary points and abdominal wall muscle outline
points within an axial tomographic image of a portion of the abdominal cavity beneath the fifth lumbar vertebra

[Figure 10] a diagram that illustrates detection examples of bone boundary points and abdominal wall muscle outline
points within an axial tomographic image of the lowermost portion of the abdominal cavity

[Figure 11A] a diagram that illustrates the group of discrete points to be employed in RBF interpolation within an
axial tomographic image

[Figure 11B] a diagram in which only the group of discrete points to be employed in RBF interpolation are extracted

[Figure 11C] a diagram that schematically represents the results of RBF interpolation, to which multiple values have
been assigned

[Figure 12A] a diagram that schematically illustrates a search process for obtaining the outline of the three dimensional
abdominal cavity candidate region

[Figure 12B] a diagram that illustrates an example of the three dimensional abdominal cavity candidate region

[Figure 13A] an image in which visceral fat regions and subcutaneous fat regions within an axial tomographic image
are displayed in different colors

[Figure 13B] an example of an image in which visceral fat regions and subcutaneous fat regions are displayed three
dimensionally in different colors

[Figure 13C] an example of an image in which the thicknesses of subcutaneous fat at different portions are mapped
onto an image that represents the body surface three dimensionally

[Figure 13D] a graph that represents the amounts of visceral fat and subcutaneous fat at the slice position of each
axial tomographic image
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[Figure 14A] a diagram that illustrates an example of a method for classifying fat regions within an axial tomographic
image

[Figure 14B] a diagram that illustrates an example of classified fat regions within an axial tomographic image in the
vicinity of the upper edge of the abdominal cavity

[Figure 14C] a diagram that illustrates an example of classified fat regions within an axial tomographic image in the
vicinity of the central portion of the abdominal cavity

[Figure 14D] a diagram that illustrates an example of classified fat regions within an axial tomographic image in the
vicinity of the lower edge of the abdominal cavity

Explanation of the Reference Numerals

[0090]

1 modality
2 image storage server
3 image processing work station
9 network
11 diaphragm detecting section
12 processing range determining section
13 bone region extracting section
14 body surface outline extracting section
15 search reference line setting section
16 bone boundary point detecting section
17 abdominal wall muscle outline extracting section
18 three dimensional abdominal cavity region extracting section
19 three dimensional abdominal cavity region correcting section
20 fat region extracting section
21 visceral fat region discriminating section
22 subcutaneous fat region discriminating section
23 three dimensional body fat measuring section

Claims

1. A three dimensional abdominal cavity region extracting apparatus, comprising:

bone region extracting means (13), for extracting bone regions that represent the bones of a subject within a
plurality of axial tomographic images obtained from a three dimensional image that represents a portion of the
subject from the vicinity of the upper end of the liver to the vicinity of the pubic symphysis;
bone boundary point detecting means (16), for detecting a plurality of bone boundary points that represent the
boundaries between the detected bone regions and regions positioned toward the interiors of the bone regions
within the plurality of axial tomographic images; and
abdominal cavity region extracting means (18), for estimating curved surfaces within the three dimensional
image that contact the interiors of the plurality of bone boundary points detected in each of the plurality of axial
tomographic images, and for extracting a region surrounded by the curved surfaces as a three dimensional
abdominal cavity region, characterized in that the bone boundary point detecting means sets search reference
lines within each of the plurality of axial tomographic images, the reference lines having one end point of each
side formed by bisecting the subject in each axial tomographic image in the vertical direction, the end points
being at positions which are in the abdominal cavity region, such that the distances between the end points
become shorter in axial tomographic images that represent lower portions of the subject, searches along a
plurality of lines of sight that do not intersect and extend from a plurality of points along the search reference
lines toward the exterior of the subject, and detects points on the lines of sight that contact the bone regions
first as the bone boundary points.

2. A three dimensional abdominal cavity region extracting apparatus as defined in Claim 1, further comprising:
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diaphragm extracting means (11), for extracting diaphragm portions from at least one of the plurality of axial
tomographic images and a plurality of axial tomographic images obtained from a three dimensional image that
represents the thoracic region of the subject; wherein:

the abdominal cavity region extracting means extracts a region from within the three dimensional image
surrounded by the extracted diaphragm portions and the curved surfaces as the three dimensional abdominal
cavity region.

3. A three dimensional abdominal cavity region extracting apparatus as defined in either one of Claim 1 and Claim 2,
further comprising:

body surface outline extracting means (14), for extracting the outline of the surface of the body of the subject
from each of the plurality of axial tomographic images; wherein:

the abdominal cavity region extracting means estimates the curved surfaces such that the curved surfaces
do not extend outside the exterior of the surface of the body.

4. A three dimensional abdominal cavity region extracting apparatus as defined in any one of Claim 1 through Claim
3, further comprising:

abdominal wall muscle outline extracting means (17), for extracting the outline of the exterior of the abdominal
wall muscles of the subject from within each of the plurality of axial tomographic images; wherein:

the abdominal cavity region extracting means estimates the curved surfaces such that the curved surfaces
do not extend outside the outline of the exterior of the abdominal wall muscles.

5. A three dimensional abdominal cavity region extracting apparatus as defined in any one of Claim 1 through Claim
4, further comprising:

visceral fat region discriminating means (21), for discriminating regions having pixel values that correspond to
fat of the subject within the three dimensional abdominal cavity region extracted by the abdominal cavity region
extracting means as three dimensional visceral fat regions.

6. A three dimensional abdominal cavity region extracting apparatus as defined in any one of Claim 1 through Claim
5, further comprising:

subcutaneous fat region discriminating means (22), for discriminating three dimensional subcutaneous fat re-
gions within the three dimensional image, by discriminating subcutaneous fat regions that represent subcuta-
neous fat of the subject from within each of the plurality of axial tomographic images.

7. A three dimensional abdominal cavity region extracting method, comprising the steps of:

extracting bone regions that represent the bones of a subject within a plurality of axial tomographic images
obtained from a three dimensional image that represents a portion of the subject from the vicinity of the upper
end of the liver to the vicinity of the pubic symphysis;
detecting a plurality of bone boundary points that represent the boundaries between the detected bone regions
and regions positioned toward the interiors of the bone regions within the plurality of axial tomographic images;
and
estimating curved surfaces within the three dimensional image that contact the interiors of the plurality of bone
boundary points detected in each of the plurality of axial tomographic images; and
extracting a region surrounded by the curved surfaces as a three dimensional abdominal cavity region, char-
acterized in the step of detecting comprises:

setting search reference lines within each of the plurality of axial tomographic images, the reference lines
having one end point of each side formed by bisecting the subject in each axial tomographic image in the
vertical direction, the end points being at positions which are in the abdominal cavity region, such that the
distances between the end points become shorter in axial tomographic images that represent lower portions
of the subject, searching along a plurality of lines of sight that do not intersect and extend from a plurality
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of points along the search reference lines toward the exterior of the subject, and detecting points on the
lines of sight that contact the bone regions first as the bone boundary points.

8. A computer readable medium having stored therein a program that causes computer to execute the procedures of:

extracting bone regions that represent the bones of a subject within a plurality of axial tomographic images
obtained from a three dimensional image that represents a portion of the subject from the vicinity of the upper
end of the liver to the vicinity of the pubic symphysis;
detecting a plurality of bone boundary points that represent the boundaries between the detected bone regions
and regions positioned toward the interiors of the bone regions within the plurality of axial tomographic images;
and
estimating curved surfaces within the three dimensional image that substantially contact the interiors of the
plurality of bone boundary points detected in each of the plurality of axial tomographic images; and
extracting a region surrounded by the curved surfaces as a three dimensional abdominal cavity region,

characterized in that the procedure of detecting comprises:

setting search reference lines within each of the plurality of axial tomographic images, the reference lines having
one end point of each side formed by bisecting the subject in each axial tomographic image in the vertical
direction, the end points being at positions which are in the abdominal cavity region, such that the distances
between the end points become shorter in axial tomographic images that represent lower portions of the subject,
searching along a plurality of lines of sight that do not intersect and extend from a plurality of points along the
earch reference lines toward the exterior of the subject, and detecting points on the lines of sight that contact
the bone regions first as the bone boundary points.

Patentansprüche

1. Vorrichtung zum Extrahieren einer dreidimensionalen Bauchhöhlenzone, umfassend:

eine Knochenzonen-Extrahiereinrichtung (13) zum Extrahieren von Knochenzonen, welche die Knochen eines
Subjekts aus mehreren axial-tomographischen Bildern repräsentieren, die erhalten werden aus einem dreidi-
mensionalen Bild, welches einen Teil des Subjekts von dem oberen Ende der Leber bis hin zu der Schambeinfuge
darstellt;
eine Knochengrenzpunkt-Nachweiseinrichtung (16) zum Nachweisen mehrerer Knochengrenzpunkte, welche
die Grenzen zwischen den nachgewiesenen Knochenzonen und Zonen repräsentieren, die in Richtung zu dem
Inneren der Knochenzonen innerhalb der mehreren axial-tomographischen Bilder gelegen sind; und
eine Bauchhöhlenzonen-Extrahiereinrichtung (18) zum Abschätzen gekrümmter Flächen innerhalb des dreidi-
mensionalen Bilds, die die Innenseiten der mehreren Knochengrenzpunkte berühren, die in jedem der mehreren
axial-tomographischen Bilder nachgewiesen wurden, und zum Extrahieren einer Zone, die von den gekrümmten
Flächen umgeben sind, als eine dreidimensionale Bauchhöhlenzone,

dadurch gekennzeichnet, dass
die Knochengrenzpunkt-Nachweiseinrichtung Such-Referenzlinien innerhalb jedes der mehreren axial-tomographi-
schen Bilder einstellt, wobei die Referenzlinien einen Endpunkt an jeder Seite aufweisen, gebildet durch Halbieren
des Subjekts in jedem axial-tomographischen Bild in vertikaler Richtung, wobei die Endpunkte sich an Stellen
befinden, die in der Bauchhöhlenzone liegen, so dass die Entfernung zwischen den Endpunkten in axial-tomogra-
phischen Bildern kürzer werden, die niedrigere Bereiche des Subjekts repräsentieren, entlang einer Mehrzahl von
Sichtlinien sucht, die sich nicht schneiden und sich von mehreren Punkten entlang den Such-Referenzlinien zur
Außenseite des Subjekts hin erstrecken, und Punkte auf den Sichtlinien, welche die Knochenzonen als erstes
berühren, als die Knochengrenzpunkte nachweist.

2. Vorrichtung zum Extrahieren einer dreidimensionalen Bauchhöhlenzone nach Anspruch 1, weiterhin umfassend:

eine Zwerchfell-Extrahiereinrichtung (11) zum Extrahieren von Zwerchfellabschnitten aus mindestens einem
der mehreren axial-tomographischen Bilder und mehreren axial-tomographischen Bildern, die aus einem drei-
dimensionalen Bild erhalten werden, welches den Toraxbereich des Subjekts repräsentiert, wobei:
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die Bauchhöhlenzonen-Extrahiereinrichtung eine Zone aus dem Inneren des dreidimensionalen Bilds, das
von den extrahierten Zwerchfellbereichen und den gekrümmten Flächen umgeben ist, als die dreidimen-
sionale Bauchhöhlenzone extrahiert.

3. Vorrichtung zum Extrahieren einer dreidimensionalen Bauchhöhlenzone nach Anspruch 1 und Anspruch 2, weiterhin
umfassend:

eine Körperoberflächen-Umrissextrahiereinrichtung (14) zum Extrahieren eines Umrisses der Oberfläche des
Körpers des Subjekts aus jedem der axial-tomographischen Bilder, wobei:

die Bauchhöhlenzonen-Extrahiereinrichtung die gekrümmten Flächen derart abschätzt, dass die gekrümm-
ten Flächen sich nicht über die Oberfläche des Körpers nach außen hin erstrecken.

4. Vorrichtung zum Extrahieren einer dreidimensionalen Bauchhöhlenzone nach einem der Ansprüche 1 bis 3, weiterhin
umfassend:

eine Bauchwandmuskel-Umrissextrahiereinrichtung (17) zum Extrahieren des Außenumrisses der Bauchwand-
muskeln des Subjekts aus dem Inneren jedes der mehreren axial-tomographischen Bilder, wobei:

die Bauchhöhlezonen-Extrahiereinrichtung die gekrümmten Flächen derart abschätzt, dass die gekrümm-
ten Flächen sich nicht aus dem Außenumriss der Bauchwandmuskeln hinaus erstrecken.

5. Vorrichtung zum Extrahieren einer dreidimensionalen Bauchhöhlenzone nach einem der Ansprüche 1 bis 4, weiterhin
umfassend:

eine Viszeralfettzonen-Unterscheidungseinrichtung (21) zum Unterscheiden von Zonen mit Pixelwerten, die
Fett des Subjekts innerhalb der von der Bauchhöhlenzonen-Extrahiereinrichtung extrahierten dreidimensionalen
Bauchhöhlenzone entsprechen, als dreidimensionale Viszeralfettzonen.

6. Vorrichtung zum Extrahieren einer dreidimensionalen Bauchhöhlenzone nach einem der Ansprüche 1 bis 5, um-
fassend:

eine Subkutanfettzonen-Unterscheidungseinrichtung zum Unterscheiden von dreidimensionalen Subkutanfett-
zonen innerhalb des dreidimensionalen Bilds durch Ermitteln von Subkutanfettzonen, die subkutanes Fett des
Subjekts repräsentieren, aus dem Inneren der mehreren axial-tomographischen Bilder.

7. Verfahren zum Extrahieren einer dreidimensionalen Bauchhöhlenzone, umfassend die Schritte:

Extrahieren von Knochenzonen, welche die Knochen eines Subjekts repräsentieren, innerhalb mehrerer axial-
tomographischer Bilder, die erhalten werden aus einem dreidimensionalen Bild, das einen Bereich des Subjekts
von der Nähe des oberen Endes der Leber bis in die Nähe der Schambeinfuge repräsentieren;
Nachweisen mehrerer Knochengrenzpunkte, welche die Grenzen zwischen den nachgewiesenen Knochenzo-
nen und solchen Zonen repräsentieren, die im Inneren der Knochenzonen innerhalb der mehreren axial-tomo-
graphischen Bilder liegen; und
Abschätzen von gekrümmten Flächen innerhalb des dreidimensionalen Bilds, welche die Innenbereiche der
mehreren Knochengrenzpunkte berühren, die in jedem der mehreren axial-tomographischen Bilder nachge-
wiesen wurden; und
Extrahieren einer Zone, die von den gekrümmten Flächen umgeben ist, als eine dreidimensionale Bauchhöh-
lenzone,

dadurch gekennzeichnet, dass der Schritt des Nachweisens umfasst:

Einstellen von Such-Referenzlinien innerhalb jedes der mehreren axial-tomographischen Bilder, wobei die Re-
ferenzlinien einen Endpunkt an jeder Seite aufweisen, die gebildet werden durch Halbieren des Subjekts in
jedem axial-tomographischen Bild in vertikaler Richtung, wobei die Endpunkte sich an Stellen befinden, die in
der Bauchhöhlenzone liegen, so dass die Entfernungen zwischen den Endpunkten kürzer werden in axial-
tomographischen Bildern, die niedrigere Bereiche des Subjekts repräsentieren, Suchen entlang mehrerer Sicht-
linien, die sich nicht schneiden und sich von mehreren Punkten entlang den Referenzlinien zu der Außenum-
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gebung des Subjekts erstrecken, und Nachweisen von Punkten auf den Sichtlinien, welche die Knochenzonen
als erste berühren, als die Knochengrenzpunkte.

8. Computerlesbares Medium, auf dem ein Programm gespeichert ist, welches einen Computer veranlasst, folgende
Prozeduren auszuführen:

Extrahieren von Knochenzonen, welche die Knochen eines Subjekts repräsentieren, innerhalb mehrerer axial-
tomographischer Bilder, die erhalten werden aus einem dreidimensionalen Bild, das einen Bereich des Subjekts
von der Nähe des oberen Endes der Leber bis in die Nähe der Schambeinfuge repräsentieren;
Nachweisen mehrerer Knochengrenzpunkte, welche die Grenzen zwischen den nachgewiesenen Knochenzo-
nen und solchen Zonen repräsentieren, die im Inneren der Knochenzonen innerhalb der mehreren axial-tomo-
graphischen Bilder liegen; und
Abschätzen von gekrümmten Flächen innerhalb des dreidimensionalen Bilds, welche die Innenbereiche der
mehreren Knochengrenzpunkte berühren, die in jedem der mehreren axial-tomographischen Bilder nachge-
wiesen wurden; und
Extrahieren einer Zone, die von den gekrümmten Flächen umgeben ist, als eine dreidimensionale Bauchhöh-
lenzone,

dadurch gekennzeichnet, dass der Schritt des Nachweisens umfasst:

Einstellen von Such-Referenzlinien innerhalb jedes der mehreren axial-tomographischen Bilder, wobei die Re-
ferenzlinien einen Endpunkt an jeder Seite aufweisen, die gebildet werden durch Halbieren des Subjekts in
jedem axial-tomographischen Bild in vertikaler Richtung, wobei die Endpunkte sich an Stellen befinden, die in
der Bauchhöhlenzone liegen, so dass die Entfernungen zwischen den Endpunkten kürzer werden in axial-
tomographischen Bildern, die niedrigere Bereiche des Subjekts repräsentieren, Suchen entlang mehrerer Sicht-
linien, die sich nicht schneiden und sich von mehreren Punkten entlang den Referenzlinien zu der Außenum-
gebung des Subjekts erstrecken, und Nachweisen von Punkten auf den Sichtlinien, welche die Knochenzonen
als erste berühren, als die Knochengrenzpunkte.

Revendications

1. Appareil d’extraction de région de cavité abdominale tridimensionnelle, comprenant :

un moyen d’extraction de région osseuse (13), destiné à extraire des régions osseuses qui représentent les os
d’un sujet dans une pluralité d’images tomographiques axiales obtenues à partir d’une image tridimensionnelle
qui représente une partie du sujet du voisinage de l’extrémité supérieure du foie au voisinage de la symphyse
pubienne ;
un moyen de détection de point de délimitation d’os (16), destiné à détecter une pluralité de points de délimitation
d’os qui représentent les délimitations entre les régions osseuses détectées et des régions positionnées vers
les intérieurs des régions osseuses dans la pluralité d’images tomographiques axiales, et
un moyen d’extraction de région de cavité abdominale (18), destiné à estimer des surfaces incurvées dans
l’image tridimensionnelle qui sont en contact avec les intérieurs de la pluralité de points de délimitation d’os
détectés dans chacune de la pluralité d’images tomographiques axiales, et destiné à extraire une région entourée
par les surfaces incurvées comme région de cavité abdominale tridimensionnelle, caractérisé en ce que

le moyen de détection de point de délimitation d’os fixe des lignes de référence de recherche dans chacune de la
pluralité d’images tomographiques axiales, les lignes de référence présentant un point d’extrémité sur chaque côté
formé par la bissection du sujet dans chaque image tomographique axiale dans la direction verticale, les points
d’extrémité étant en des positions qui sont dans la région de cavité abdominale, de telle sorte que les distances
entre les points d’extrémité deviennent plus courtes dans des images tomographiques axiales qui représentent des
parties inférieures du sujet ; recherche le long d’une pluralité de lignes visuelles qui ne se coupent pas et s’étendent
à partir d’une pluralité de points le long des lignes de référence de recherche vers l’extérieur du sujet, et détecte
des points sur les lignes visuelles qui sont en contact avec les régions osseuses tout d’abord comme points de
délimitation d’os.

2. Appareil d’extraction de région de cavité abdominale tridimensionnelle selon la revendication 1, comprenant en
outre :
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un moyen d’extraction de diaphragme (11) destiné à extraire des parties de diaphragme à partir d’au moins
une de la pluralité d’images tomographiques axiales et d’une pluralité d’images tomographiques axiales obte-
nues à partir d’une image tridimensionnelle qui représente la région thoracique du sujet, dans lequel
le moyen d’extraction de région de cavité abdominale extrait une région, à partir de l’image tridimensionnelle,
entourée par les parties de diaphragme extraites et les surfaces incurvées comme la région de cavité abdominale
tridimensionnelle.

3. Appareil d’extraction de région de cavité abdominale tridimensionnelle selon la revendication 1 ou 2, comprenant
en outre :

un moyen d’extraction de contour de surface corporelle (14) destiné à extraire le contour de la surface du corps
du sujet à partir de chacune de la pluralité d’images tomographiques axiales, dans lequel :

le moyen d’extraction de région de cavité abdominale estime les surfaces incurvées de telle sorte que les
surfaces incurvées ne s’étendent pas en dehors de l’extérieur de la surface du corps.

4. Appareil d’extraction de région de cavité abdominale tridimensionnelle selon l’une quelconque des revendications
1 à 3, comprenant en outre :

un moyen d’extraction de contour de muscle de paroi abdominale (17), destiné à extraire le contour de l’extérieur
des muscles de paroi abdominale du sujet à partir de chacune de la pluralité d’images tomographiques axiales,
dans lequel :

le moyen d’extraction de région de cavité abdominale estime les surfaces incurvées de telle sorte que les
surfaces incurvées ne s’étendent pas en dehors de l’extérieur des muscles de paroi abdominale.

5. Appareil d’extraction de région de cavité abdominale tridimensionnelle selon l’une quelconque des revendications
1 à 4, comprenant en outre
un moyen de discrimination de région de graisse viscérale (21), destiné à discriminer des régions présentant des
valeurs de pixel qui correspondent à la graisse du sujet dans la région de cavité abdominale tridimensionnelle
extraite par le moyen d’extraction de région de cavité abdominale tridimensionnelle comme régions de graisse
viscérale tridimensionnelles.

6. Appareil d’extraction de région de cavité abdominale tridimensionnelle selon l’une quelconque des revendications
1 à 5, comprenant en outre
un moyen de discrimination de région de graisse sous-cutanée (22), destiné à discriminer des régions de graisse
sous-cutanée tridimensionnelles dans l’image tridimensionnelle, en discriminant des régions de graisse sous-cuta-
née qui représentent une graisse sous-cutanée du sujet à partir de chacune de la pluralité d’images tomographiques
axiales.

7. Procédé d’extraction de région de cavité abdominale tridimensionnelle, comprenant les étapes consistant à :

extraire des régions osseuses qui représentent les os d’un sujet dans une pluralité d’images tomographiques
axiales obtenues à partir d’une image tridimensionnelle qui représente une partie du sujet du voisinage de
l’extrémité supérieure du foie au voisinage de la symphyse pubienne ;
détecter une pluralité de points de délimitation d’os qui représentent les délimitations entre les régions osseuses
détectées et des régions positionnées vers les intérieurs des régions osseuses dans la pluralité d’images
tomographiques axiales, et
estimer des surfaces incurvées dans l’image tridimensionnelle qui sont en contact avec les intérieurs de la
pluralité de points de délimitation d’os détectés dans chacune de la pluralité d’images tomographiques axiales,
et à

extraire une région entourée par les surfaces incurvées comme région de cavité abdominale tridimensionnelle,
caractérisé en ce que l’étape de détection comprend les étapes pour :

fixer des lignes de référence de recherche dans chacune de la pluralité d’images tomographiques axiales, les
lignes de référence présentant un point d’extrémité sur chaque côté formé par la bissection du sujet dans chaque
image tomographique axiale dans la direction verticale, les points d’extrémité étant en des positions qui sont
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dans la région de cavité abdominale, de telle sorte que les distances entre les points d’extrémité deviennent
plus courtes dans des images tomographiques axiales qui représentent des parties inférieures du sujet ; re-
chercher le long d’une pluralité de lignes visuelles qui ne se coupent pas et s’étendent à partir d’une pluralité
de points le long des lignes de référence de recherche vers l’extérieur du sujet, et détecter des points sur les
lignes visuelles qui sont en contact avec les régions osseuses tout d’abord comme points de délimitation d’os.

8. Support pouvant être lu par ordinateur dans lequel est stocké un programme qui amène l’ordinateur à exécuter les
procédures consistant à :

extraire des régions osseuses qui représentent les os d’un sujet dans une pluralité d’images tomographiques
axiales obtenues à partir d’une image tridimensionnelle qui représente une partie du sujet du voisinage de
l’extrémité supérieure du foie au voisinage de la symphyse pubienne ;
détecter une pluralité de points de délimitation d’os qui représentent les délimitations entre les régions osseuses
détectées et des régions positionnées vers les intérieurs des régions osseuses dans la pluralité d’images
tomographiques axiales, et
estimer des surfaces incurvées dans l’image tridimensionnelle qui sont en grande partie en contact avec les
intérieurs de la pluralité de points de délimitation d’os détectés dans chacune de la pluralité d’images tomogra-
phiques axiales, et à
extraire une région entourée par les surfaces incurvées comme région de cavité abdominale tridimensionnelle,

caractérisé en ce que la procédure de détection comprend les étapes pour :

fixer des lignes de référence de recherche dans chacune de la pluralité d’images tomographiques axiales, les
lignes de référence présentant un point d’extrémité sur chaque côté formé par la bissection du sujet dans chaque
image tomographique axiale dans la direction verticale, les points d’extrémité étant en des positions qui sont
dans la région de cavité abdominale, de telle sorte que les distances entre les points d’extrémité deviennent
plus courtes dans des images tomographiques axiales qui représentent des parties inférieures du sujet ; re-
chercher le long d’une pluralité de lignes visuelles qui ne se coupent pas et s’étendent à partir d’une pluralité
de points le long des lignes de référence de recherche vers l’extérieur du sujet, et détecter des points sur les
lignes visuelles qui sont en contact avec les régions osseuses tout d’abord comme points de délimitation d’os.
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