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Description
FIELD OF THE INVENTION

[0001] The present invention relates to methods for analyzing images of body tissues, such as an image obtained by
radiographic techniques including computer tomography (CT).

BACKGROUND OF THE INVENTION

[0002] A computer tomography (CT) scan is three-dimensional (3D) image of at least a portion of a subject’s body.
The scan is a 3D array of integers each of which is the gray level of a body volume element called a voxel. Each voxel
in the scan is addressed by means of a friplet of integral coordinates (x,y,z). A voxel in a 2D array or in an image is
referred to as a "pixel". The distance between adjacent voxels along the coordinate axes are referred to as "the x-mm-
per-pixel", the"y-mm-per-pixel' and the "z-mm-per-pixel'. The x- y- and z-mm-per-pixel are usually constant for a specific
scan. The x- and y- mm-per-pixel are usually equal in which case they are both referred to simply as the “mm-perpixel”.
The x- and y- dimensions of a scan are a property of the scanner and are usually equal, having a value of 512 pixels
for most scanners. The z axis is conventionally taken to be parallel to the longitudinal axis of the subject’s body, the y
axis directed upwards, and the x axis perpendicular to the y and z axes. A two dimensional (2D) section of the 3D image
parallel to one of the coordinate axes is referred to as a "section" of the image. With this convention, in a scan of a supine
subject, a (2D) slice of the scan that is parallel to the x, y and z axis is a 2D image of a saggital, coronal and axial section,
respectively, of the subject’s body. An axial section is also referred to as a "slice" of the scan.

[0003] The scan data usually also include the intercept and slope of the scanner. These two numbers are used to
convert the gray level values of a specific scan to standard units of gray levels (given in Hounsfields):

Values in Hounsfields = slope*scanner output values - intercept.

[0004] All gray level values are given hereinafter in Hounsfields (i.e. after conversion to standard units).

[0005] A CT scan of a particular organ or tissue of interest will typically include portions of tissues that are adjacent
to the organ or tissue of interest. For example, a CT scan of the heart will include organs and tissues adjacent to the
heart. The term "cage" is used to refer to non-heart tissues included in a cardiac CT scan and usually includes portions
of the lungs, ribs, sternum and liver. In order to analyze a CT scan, it is desirable to remove from the collected data
those tissues and organs that are not part of the organ or tissue of interest. This entails locating boundaries between
the organ or tissue of interest and surrounding tissues. Once the boundaries of the tissue or organ of interest have been
determined, organs and tissues surrounding the tissue or organ of interest can be removed from the scan, a process
known as "segmentation" of the data. Segmenting a given CT scan involves determining, for each of one or more voxels
in the scan, whether or not the voxel belongs to the tissue or organ of interest. An attribute of 0 or 1 is assigned to each
voxel in the scan that specifies whether the voxel belongs to the tissue of interest, or not, respectively. This data is held
in a data structure that consists of a three-dimensional array of 0’s and 1’s, of the same integer dimensions as the scan.
[0006] Automatic detection of a boundary between adjacent organs or tissues in a scan is complicated by several
factors. For example, removing the cage from a cardiac CT scan is complicated, first of all, by the fact that the range of
gray values of cardiac muscle differs from one scan to another, mainly due to variability among subjects. Thus, automatic
separation of the heart tissue from surrounding tissues based upon gray levels requires that the range of gray levels of
the heart muscle in a given scan be determined. Furthermore, separation of the liver from the heart muscle is difficult
because these two tissues have very similar ranges of gray values. The segmentation needs to be precise while avoiding
cutting off heart parts, especially any part of the coronary arteries, the analysis of which is one of the main purposes of
a heart scan. This is especially difficult when removing the liver.

[0007] Chao Han et al., Minimal Path Active Contour Model, IEEE Transactions on Image Processing, Vol. 10, No. 6,
June 6, 2001, Cohen, Multiple Contour Finding and Perceptual Grouping Using Minimal Paths, Journal of Mathematical
Image Ptrocessing and Vision, Kl;uwer Academic Publishers, Vol. 14, No. 3, e May, 2001, pp. 225-236, Hua Li, 3D
Medical Image Segmentation Approach Based on Multi-label Front Propagation, Image Processing 2004, International
Conference on Singapore, 24-27 October 2004, IEEE, 24-10-04, pp. 2925-2928, and Cohen, Minimal \Paths and /de-
firnabke Models for Image Analysis, Traitment du Ignal Groupe Recherche et D’Etude D/E Traitment, Du Fr., Vol./ 20,
No. 3, pp225-241, describe various known methods of image analysis for segmenting 3D cardiac images.
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SUMMARY OF THE INVENTION

[0008] Inaccordance with the present invention, a method for detecting a boundary between afirst tissue and a second
tissue as set forth in claim 1 is provided. Further embodiments of the invention are claimed in the dependent claims.
Also a program storage device as claimed in claim 17 is provided.

[0009] A system and method for detecting a boundary between two body tissues or organs in a 2D image is disclosed.
A cost is assigned to voxels in a detection region of the image containing the boundary to be detected. The cost is
indicative of the likelihood that the voxel is not found on the boundary between the two tissues. One or more potential
initial points of the boundary in the region are provided, as well as one or more end points of the boundary. A path of
voxels joining an initial point to an end point has a cost which is obtained in a calculation involving the costs of the voxels
in the path. The cost of a path is preferably the sum of the costs of the voxels in the path. A path having minimal cost
from among two or more paths joining an initial point and an end point is taken as the boundary between the first and
second organs in the image.

[0010] In a preferred embodiment, a path of minimal cost is obtained in an iterative process in which, at each stage,
a voxel of minimum cost neighboring the previously added voxel is added to the growing path. In a most preferred
embodiment of the invention, a path of minimal cost is found using a so called "fast marching algorithm". Given a graph,
and a cost for entering each node from each of its neighbors, a Fast Marching algorithm is a method for advancing fronts
of equal cost in the graph. Some nodes of the graph are assigned as initial points and are given the cost of 0. These
nodes are inserted into a heap. In each step, a minimal cost node is pulled out of the heap, the costs for its neighbors
are calculated (these costs are positive and are possibly infinite) and the finite cost neighbors are inserted to the heap.
The algorithm stops when the heap is empty. This happens when a connected component of non infinite-cost nodes is
covered.

[0011] In a preferred embodiment, in order to assign a cost to a voxel in the detection region, the gray level of the
voxel is used to classify the voxel as belong to one or more tissue types. In general, each tissue type has a characteristic
range of gray levels in an image. Thus for example, a lung-voxel has a gray value below -500 Hounsfields, a fat voxel
has a gray value in the range of about -100 to 0 Hounsfields; a heart or liver voxel has a gray value - around 0 - 100
Hounsfields which is above the fat range but less than the minimal contrast material value (typically around 100 Houns-
fields); and a contrast-material voxel has a gray value greater than 100 Hounsfields. (There may be a dead range of
gray values, for example, between the lung maximum value and the minimal fat value, but voxels in this range are rarely
encountered and may be neglected when encountered.) The gray level ranges for some of the tissue types are learnt
from the data. For example, the average fat value and its standard deviation may be calculated from a region in the scan
that is known to be fat tissue, and take the fat range to be the mean = one in the standard deviation.

[0012] Given avoxel in the detection region, neighbors of the voxel in a direction perpendicular to the general direction
of the boundary to be detected are found. For example, if the boundary to be detected is generally perpendicular to the
z axis of the image, 5 neighbors of the given voxel along the z axis on either side of the given voxel might be found. The
tissue type classification of the given voxel and each of its neighbors just found based upon its gray level is determined,
as just described. The number of "missing" neighbors is also counted which occurs when the given voxel is close to the
edge of the image. A cost is then assigned to the given voxel based upon the classifications of its neighbors. The cost
is indicative of the likelihood that a point on the boundary to be detected does not have the arrangement of neighbors
of the given voxel.

[0013] In one embodiment of the invention, a "good-grade" and a "bad-grade" are first assigned to the given voxel,
and the cost is defined as the difference "bad-grade" - "good-grade". A constant offset may be added to the difference
in order to ensure that the cost is positive, which is necessary, for example, when a fast marching technique is to be
used. The good-grade is indicative of the extent that the given voxel's arrangement of neighbors has attributes expected
of a voxel at the boundary to be detected. For example, if on a first side of the boundary to be detected, voxels of one
or more particular classifications are expected, then the good-grade will be higher the more neighbors of those classi-
fications that the given voxel has on that side. Similarly, if on the other side of the boundary to be detected, voxels of
one or more particular classifications are expected, then the good-grade will be higher the more neighbors of those
classifications that the given voxel has on that side. The bad-grade is indicative of the extent that the given voxel's
arrangement of neighbors has attributes different from the attributes expected of a voxel at the boundary to be detected.
For example, if on a first side of the boundary to be detected, voxels of one or more particular classifications are not
expected, then the bad-grade will be higher the more neighbors of those classifications that the given voxel has on that
side. Similarly, if on the other side of the boundary to be detected voxels of one or more particular classifications are
not expected, then the bad-grade will be higher the more neighbors of those classifications that the given voxel has on
that side.

[0014] In its second aspect, the invention provides a method for detecting a boundary between two body tissues or
organs in a 3D image, such as a CT scan. In accordance with this aspect of the invention, a boundary between the body
tissues or organs is detected in each of a plurality of two-dimensional slices of the image, where, for at least one of the



10

15

20

30

35

40

45

50

55

EP 1 934 940 B1

slices, the boundary is found by the method of the first aspect of the invention. A boundary detected in one slice may
be used to define the detection region for a neighboring slice in the plurality of slices, in order to decrease the size of
the detection region and improve computability. The set of boundaries detected in the slices is interpolated in the 3D
image to determine a surface in the 3D image that is the boundary between the two tissues.

[0015] In its third aspect, the invention provides a method for segmenting a 3D image in order to remove from the
image organs and tissues other than an organ or tissue of interest. In accordance with this aspect of the invention, one
or more boundaries is found in the 3D image between a tissue or organ of interest and other tissues or organs in the
image by the method of the second aspect of the invention. The boundaries are used to determine which voxels in the
image belong to the tissue or organ of interest and which voxels do not belong to the tissue or organ of interest. Voxels
belonging to the tissue or organ of interest are assigned an attribute of 0, while voxels not belonging to the tissue or
organ of interest are assigned an attribute of 1. This data is held in a bit-volume of the same integer dimensions as the
image.

[0016] Thus, in its first aspect, the invention provides a method for detecting a boundary between a first tissue and a
second tissue in at least a detection region of a two-dimensional image, comprising:

(a) assigning a cost to each voxel in the detection region, the cost being indicative of the likelihood that the voxel is
not located on the boundary between the first tissue and the second tissue;

(b) designating in the detection region at least one initial point of the boundary and at least one end point of the
boundary;

(c) obtaining a path of voxels in the detection region joining an initial point and an end point of minimal cost from
among two or more paths joining an initial point and an end point, the cost of a path being obtained in a calculation
based upon the costs assigned to the voxels of the path; and

(d) designating the path having minimal cost as the boundary between the first and second tissues.

[0017] In its second aspect, the invention provides a method for detecting a boundary between a first tissue or organ
and a second tissue or organ in a three-dimensional scan, comprising:

(e) For each of one or more two-dimensional sections of the scan:

i) assigning a cost to each voxel in a detection region, the cost being indicative of the likelihood that the voxel
is not located on the boundary between the first tissue and the second tissue;

i) designating in the detection region at least one initial point of the boundary and at least one end point of the
boundary;

iii) obtaining a path of voxels in the detection region joining an initial point and an end point of minimal cost from
among two or more paths joint an initial point and an end point, the cost of a path being obtained in a calculation
based upon the costs assigned to the voxels of the path; and

iv) designating the path having minimal cost as a boundary between the first and second tissues in the two-
dimensional section;

the boundary between the first and second organ or tissue in the three-dimensional scan being formed by the boundaries
designated in the two dimensional sections.

[0018] In its third aspect, the invention provides a method for segmenting a three-dimensional scan having a tissue
or organ of interest and one or more cage tissues or organs, comprising:

(a) For each of the one or more cage tissues or organs:
i) For each of one or more two-dimensional sections of the scan:

(a) Assigning a cost to each voxel in a detection region, the cost being indicative of the likelihood that the
voxel is not located on the boundary between the tissue or organ of interest and the cage tissue or organ;
(b) Designating in the detection region at least one initial point of the boundary and at least one end point
of the boundary;

(c) Obtaining a path of voxels in the detection region joining an initial point and an end point of minimal cost
from among two or more paths joining an initial point and an end point, the cost of a path being obtained
in a calculation based upon the costs assigned to the voxels of the path; and

(d) Designating the path having minimal cost as a boundary between the tissue or organ of interest and
the cage tissue or organ of interest in the two-dimensional section; and
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ii) Designating a boundary between the tissue or organ of interest and the cage tissue or organ in the scan
formed by the boundaries designated in the two-dimensional sections;

(b) generating a bit-volume having integer dimensions equal to integer dimensional of the scan, a voxel in the bit-
volume having a value of 0 if the voxel belongs to the tissue of interest as determined by the boundaries between
the tissue or organ of interest and the one or more cage tissues or organs, and a voxel in the bit-volume having a
value of 1 if the voxel belongs to the one or more cage tissues or organs, as determined by the boundaries between
the tissue or organ of interest and the one or more cage tissues or organs.

[0019] Inits fourth aspect, the invention provides a program storage device readable by machine, tangibly embodying
a program of instructions executable by the machine to perform method steps for detecting a boundary between a first
tissue and a second tissue in at least a detection region of a two-dimensional image, comprising:

(a) obtaining a path of voxels in the detection region joining an initial point and an end point of minimal cost from
among two or more paths joining an initial point and an end point, the cost of a path being obtained in a calculation
based upon costs assigned to the voxels of the path; and

(b) designating the path having minimal cost as the boundary between the first and second tissues.

[0020] In its fifth aspect, the invention provides a computer program product comprising a computer useable medium
having computer readable program code embodied therein for detecting a boundary between a first tissue and a second
tissue in at least a detection region of a two-dimensional image, the computer program product comprising computer
readable program code for causing the computer to obtain a path of voxels in the detection region joining an initial point
and an end point of minimal cost from among two or more paths joining an initial point and an end point, the cost of a
path being obtained in a calculation based upon costs assigned to the voxels of the path.

[0021] In its sixth aspect, the invention provides a program storage device readable by machine, tangibly embodying
a program of instructions executable by the machine to perform method steps for detecting a boundary between a first
tissue or organ and a second tissue or organ in a three-dimensional scan, comprising:

(a) For each of one or more two-dimensional sections of the scan:

i) obtaining a path of voxels in the detection region joining an initial point and an end point of minimal cost from
among two or more paths joining an initial point and an end point, the cost of a path being obtained in a calculation
based upon costs assigned to the voxels of the path; and

i) forming the boundary between the first and second organs or tissue in the three-dimensional scan being
from the boundaries designated in the two dimensional sections.

[0022] In its seventh aspect, the invention provides a computer program product comprising a computer useable
medium having computer readable program code embodied therein for detecting a boundary between a first tissue or
organ and a second tissue or organ in a three-dimensional scan, the computer program product comprising:

computer readable program code for causing the computer to obtain a path of voxels in a detection region joining
an initial point and an end point of minimal cost from among two or more paths joint an initial point and an end point,
the cost of a path being obtained in a calculation based upon costs assigned to the voxels of the path; and
computer readable program code for causing the computer to designate the path having minimal cost as a boundary
between the first and second tissues in the two-dimensional section;

computer readable program code for causing the computer to form the boundary between the first and second organ
or tissue in the three-dimensional scan from the boundaries designated in the two dimensional sections.

[0023] Inits eighth aspect, the invention provides a program storage device readable by machine, tangibly embodying
a program of instructions executable by the machine to perform method steps for segmenting a three-dimensional scan
having a tissue or organ of interest and one or more cage tissues or organs, comprising:

(a) For each of the one or more cage tissues or organs:

i) For each of one or more two-dimensional sections of the scan:

(a) Obtaining a path of voxels in a detection region joining an initial point and an end point of minimal cost
from among two or more paths joining an initial point and an end point, the cost of a path being obtained
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in a calculation based upon costs assigned to the voxels of the path; and
(b) Designating the path having minimal cost as a boundary between the tissue or organ of interest and
the cage tissue or organ of interest in the two-dimensional section; and

ii) Designating a boundary in the three-dimensional scan between the tissue or organ of interest and the cage
tissue or organ formed by the boundaries designated in the two-dimensional sections;

(b) generating a bit-volume having integer dimensions equal to integer dimensional of the scan, a voxel in the bit-
volume having a value of 0 if the voxel belongs to the tissue of interest as determined by the boundaries between
the tissue or organ of interest and the one or more cage tissues or organs, and a voxel in the bit-volume having a
value of 1 if the voxel belongs to the one or more cage tissues or organs, as determined by the boundaries between
the tissue or organ of interest and the one or more cage tissues or organs.

[0024] Inits ninth aspect, the invention provides a computer program product comprising a computer useable medium
having computer readable program code embodied therein for segmenting a three-dimensional scan having a tissue or
organ of interest and one or more cage tissues or organs, the computer program product comprising:

computer readable program code for causing the computer, for each of the one or more cage tissues or organs, for
each of one or more two-dimensional sections of the scan, to determine a path of voxels in a detection region in the
section joining an initial point and an end point of minimal cost from among two or more paths joining an initial point
and an end point, the cost of a path being obtained in a calculation based upon costs assigned to the voxels of the path;
computer readable program code for causing the computer to Designate the path having minimal cost as a boundary
between the tissue or organ of interest and the cage tissue or organ of interest in the two-dimensional section; and
computer readable program code for causing the computer to Designate a boundary between the tissue or organ
of interest and the cage tissue or organ in the scan formed by the boundaries designated in the two-dimensional
sections;

computer readable program code for causing the computer to generate a bit-volume having integer dimensions
equal to integer dimensional of the scan, a voxel in the bit-volume having a value of 0 if the voxel belongs to the
tissue of interest as determined by the boundaries between the tissue or organ of interest and the one or more cage
tissues or organs, and a voxel in the bit-volume having a value of 1 if the voxel belongs to the one or more cage
tissues or organs, as determined by the boundaries between the tissue or organ of interest and the one or more
cage tissues or organs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing and other objects, features, and advantages of the invention will be apparent from the following
more particular description of the embodiments of the invention, as illustrated in the accompanying drawings. The
elements of the drawings are not necessarily to scale relative to each other.

FIG. 1 shows a schematic representation of a slice of a 3D cardiac CT scan.

FIG. 2 shows a heart mask that was used to locate the heart in the 3D cardiac CT scan.

FIG. 3 shows a schematic representation of a slice of the 3D cardiac CT scan flowing segmentation of the original
scan by the method of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] The following is a detailed description of the preferred embodiments of the invention, reference being made to
the drawings in which the same reference numerals identify the same elements of structure in each of the several figures.
[0027] In order to understand the invention and to see how it may be carried out in practice, a preferred embodiment
will now be described, by way of non-limiting example only, with reference to the accompanying figures.

[0028] A method of the invention was used to detect the boundary between heart muscle tissue and liver tissue and
between heart muscle tissue and the sternum in a 3D cardiac CT scan. Figure 1 shows a schematic representation 2
of a saggital section of the 3D cardiac CT scan that was analyzed by the method of the invention. The scan included,
in addition to cardiac tissue 4, sternum and ribs 6, liver 8, aorta 9 and epicardial fat 10. Lung tissue was also present in
the 3D scan, although it is not present in the section of Figure 1. The image was segmented so as to remove from the
scan liver tissue and sternum, as well as lung tissue. The resulting segmented image containing only the heart was
displayed on a display screen. The entire process comprises 10 stages, as described below.
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1. Determining heart center in axial slices

[0029] The first step in the process was to locate approximately the heart in the scan. A mask was used that describes
the form of a typical axial section of heart. This mask consisted of a two-dimensional array of 0’s and 1’s, and was
generated from a central axial section of a typical heart scan, by setting 1 whenever the gray level was greater than
-500 Hounsfields the lung maximum value) and O’s otherwise. A special point was selected, located in the approximate
center of the heart in the mask. Figure 2 shows the form of the heart mask 12 that was used. The hatched region 14
represents the heart and sternum tissue and consists of voxels having a grey value greater than the lung maximal grey
value of -500 Hounsfields, and 1 in the binary image. The unhatched region 15 represents lung voxels and consists of
voxels having a value of 0 in the binary image. A special point P was selected located in the approximate center of the
heart in the mask.

[0030] The mask was used to locate the heart cross-section in each of a plurality of axial slices in the scan as follows:

For each of a plurality of given points in a slice, a grade was calculated indicative of the probability that the given
point is located at the slice’s center, as follows.

a) The mask was enlarged or reduced so that its mm-per-pixel equaled that of the slice.

b) A two dimensional array of 0's and 1’s was generated for the slice in which voxels in the slice having a gray
level below 500 Hounsfields were assigned a value 0, and voxels having a gray level above -500 Hounsfields
were assigned a gray level at 1.

c) The mask was superimposed over the bit plane generated in step b, such that the point P coincided with the
selected point of the slice.

d) The number of coinciding 1’s of the mask and the bit plane (within the boundaries of both) were counted.
e) The ratio of the number of coinciding 1’s to the total number of 1’s in the mask is an estimate of the extent
to which the non-lung tissues in the slice resemble those of the mask. This ratio is referred to herein as the
"plus-match", and it has a value between 0 and 1.

f) The number of coinciding 0’s of the mask and the bit plane were counted. The ratio of the number of coinciding
0’s to the total number of 0’s of the mask is an estimate of the extent to which the lung-like tissues of the slice
resemble those of the mask. This is referred to herein as the "minus-match", and it also has values between 0
and 1.

g) The sum of the plus-match and the minus-match was the "match". It has a value between 0 and 2, and is an
estimate of the match of the slice to a typical heart section form, with the given point as the heart section center.
h) A point having the maximal match is designated as the heart center in the slice.

2. Finding an axial position of the liver and the heart

[0031] An estimate was found for the liver level and for a central slice of the heart. The number of lung voxels in each
slice (i.e. voxels with grey values between -900 and -500 Hounsfields) was calculated. The slice with the maximum
number of lung voxels was found and then the first slice below the maximal one with less than half of the maximal lungs
voxels was found. This last slice is typically in the vicinity of the upper liver level in the scan. A first estimate for the
central slice of the heart was taken at the slice 40 mms above the upper liver level.

3. Determining the heart location in the 3D scan

[0032]

a) The examination began in the central slice of the scan found in step (2), and then moving up and down a fixed
number of slices to the next slice to be examined. The number of slices in each jump was derived from the physical
scale of the scan, and was typically the number of slices in 1 cm of the scan, (i.e. equal to 10/z-mm-per-pixel). For
example, if the study had 100 slices, and the z-mm-per-pixel equaled .5, slice number 50 was first examined followed
by slice number 70, 30, 90 and 10.

b) Each examined slice was divided into NxN squares, for some fixed value of N (e.g. N=5 or N=7voxels) and a
lattice of points was selected with each lattice point belonging to a different one of the squares. The examination
started with an initial lattice point and then continued with the lattice points in order of their distance located from
the initial point.

c) For each lattice point in each examined axial slice, the above defined "match" was calculated. The lattice point
at which the maximum match occurred was taken as an approximate location of the heart center in the slice.

d) The lattice point having the maximum match from among all lattice points examined from all slices examined was
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taken as the heart center in the scan.
e) If, in the course of matching, a lattice point was encountered having a match greater than 1.5, this was considered

to be a satisfactory estimate for the heart center in the scan, and the search was terminated.

4. Determining the heart orientation in the 3D scan

[0033] In most cases the subject is supine during scanning, and the sternum line in the axial images is essentially
horizontal. In some cases, however, the subject is required to lie on his side, or due to an unusual anatomy, the sternum
line is not horizontal. Thus, it was necessary to determine the orientation of the heart in the scan. For this, an initial heart
contour was detected in a plurality of axial slices in which the heart center was previously located, as follows:

An array of 200 uniformly distributed rays was generated in the slice emanating from the heart center of the slice,
as determined in step (1), towards the boundary of the slice. The intersection of each ray with the lung tissue was
determined. The first ray is directed in the positive x direction for simplicity. For each ray, the voxels nearest to the
ray were examined and the first voxel that had a gray value lower than -500 (the lung maximum value) was stored
in an array, one voxel per direction. The contour fonned by these voxels typically encloses the heart, a part of the
sternum in the front, the aorta and some pulmonary blood vessels in the rear side.

[0034] The contour of the heart in the mask (Figure 2) and in the central axial slice were found. The principal axes of
both the contour of the heart in the mask and the approximate contours in the central axial slice were taken as the line
of least square distances of the points on the contour from among all lines passing through the heart center as previously
determined. The minor axis was a line that was perpendicular to the major axis. (Equivalently, the principal axis of each
contour is the eigenvector associated with the higher eigenvalue of the 2 x 2 inertia matrix of the contour.) The angle
between the major axis of the mask and that of the central slice was taken to be the study-orientation. This angle is
typically between 0° and 45°.

5. Determining the heart centerline

[0035] A pointin the vicinity of the heart center was found in each axial slice of the heart. The process begins with the
approximate heart center found previously in the central slice and, using a "steepest descent" algorithm, a point of
maximal match with the mask, calculated as described above, was found in the vicinity of the approximate heart center.
This point was taken as the center of the heart in the central slice.

[0036] The heart center in the central slice was used as the starting point for finding the heart center in the other axial
slices. After the heart center was found in an axial slice, the heat center was located in an adjacent axial slice using a
steepest descent algorithm starting from the heart center found in the previous slice.

[0037] In order to improve performance, the heart center may be calculated as described above only in some of the
slices, for example, in those slices that are a fixed distance from each other (for example, 5 mm apart, and in the case
of .5 mm-per-pixel this means every 10 slices), and then interpolating between these points by linear interpolation.
[0038] The curve formed by the heart centers of all the axial slices in the scan is referred to as the "heart. centerline".
[0039] Each slice is provided with a rotated frame of reference, with origin at the slice’s heart center, and the x-direction
rotated from the regular direction by the angle of the study orientation. The "lower" part is that part of the axial slice
having in the rotated frame of reference positive y coordinates, and the "upper" part is that part of the axial slice with
negative y coordinates.

6. Generating a refined axial heart contour

[0040] Given an axial slice, a refined heart contour was generated delineating the heart (and no other tissues) in the
slice. The initial approximate heart contour in the slice generated as described above was used.

[0041] In order to obtain the refined contour that encloses only the heart, the points of the start and the end of the
sternum along the initial approximate contour were found, and the points of the start and the end of the backside organs
along the contour were also found.

[0042] In the initial approximate contour, starting with the study-orientation of the slice and proceeding around the
array of rays defined above in step (4), the points on the upper half of the basic contour at which the length of the rays
has a maximal increase and a maximal decrease between two adjacent rays in the array, were found. These points
were taken as the end points of the sternum in the initial approximation contour.

[0043] For the backside organs, a slightly more complex criterion was employed in order to exclude discontinuities in
the length of the rays due to pulmonary blood vessels, and not to the aorta. For each point on the lower half of the initial
approximate contour, two grades were determined as follows:
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If the length of a ray to the initial approximate contour point divided by the length of the previous ray in the array
was greater than 1.2 the first grade was 1. If this ratio was less than 0.75 the first grade was -1. Otherwise, the first
grade was 0.

[0044] Second, for each point on the initial approximate contour, the curvature of the basic contour was calculated.
The angle between the tangents 3 voxels away on either side of the point was determined. If the angle was greater than
45° and the basic contour is locally concave at the point, then the curvature grade was defined to be 1. If this angle was
greater than 45°, and the basic contour is locally convex at the point, then the curvature grade was -1. Otherwise the
curvature grade was 0. The two grades for each point were added to getajump-grade having one of the values -2, -1, 0, 1, 2.
[0045] The start and end of the backside organs was located in a 60°sector of the basic initial approximate contour,
centered at the positive y-direction. The sector was searched clockwise and the first contour point with a jump-grade
value of 2 was found. This point was taken as the start of the backside organs. From this point on, the first point with a
jump-grade value of 2 was found. This point was taken as the end of the back side organs.

[0046] Having found the start and end points of the sternum and backside organs on the initial approximate contour,
each pair of start and end points, the points were joined by a curve forming a continuous refined contour in such a way
that the refined contour encloses heart tissue and minimal amounts of other organs. A technique described below (with
reference to a contour of minimum length and curvature) was used to create a refined contour between each of the two
pairs of start and end points that was continuous and smooth at the end points, and that has minimum length and
minimum total curvature, to the extent possible. Since the generated contour cannot simultaneously have both minima,
minimization of curvature was given priority over minimization of the length, by the value of the parameter r (refer to the
technique described below with reference to the contour of minimum length and curvature). The value of r was taken to
be 8.

[0047] Therefined contour thatwas produced typically included parts of the sternum. Any parts of the sternum included
in the refined contour were removed by the method of the invention as described below.

[0048] The maximal and minimal y-values of the points on the refined contour of the central slice were taken to be the
heart-front-edge, and the heart-back-edge, respectively.

7. Detecting epicardial fat

[0049] A layer of epicardial fat surrounds the heart. The coronary arteries lie inside this fat, and it is important to
distinguish epicardial fat from other tissues. In order to obtain the gray value range of the epicardial fat, in the central
axial slice, the mean value and standard deviation of the gray levels of all voxels in the interior of the refined contour
and at most 3 voxels away from the refined contour, were calculated. The epicardial fat's minimum gray value was taken
to be the mean value minus 1.5 standard deviations, and the maximum value to be the mean value plus 1.5 standard
deviations. This mean value is typically around - 50 Hounsfields, and the standard deviation is typically around 50
Hounsfields.

8. Separation of the liver

[0050] A boundary between the liver and heart was found in coronal heart sections by the method of the invention
using a fast marching algorithm. Coronal sections having y-values between the heart-back-edge and the heart-front-
edge were analyzed. The boundaries in the coronal sections were found iteratively. The central coronal section, having
a y-value equal to the average of the heart-front-edge and the heart-back-edge y-value was analyzed first and the
information obtained was used to analyze the adjacent coronal sections.

[0051] In the central coronal section, the approximate end points of the boundary were found. The boundary and its
end points were sought in a detection region consisting of a horizontal band in the section (parallel to the x-axis) centered
at the liver upper level found above, and having a total width of 6 cm. Inside this band, potential end points for the
boundary were collected with a 10-voxel separation from each other in the z direction. The boundary of the lungs was
found at each z level (on both x-extremities of the section), and these voxels were taken as possible end points of the
boundary. If lung values were not found at a particular z level, the end points of the section at each z level were included
among the collection of possible end points.

[0052] Given a voxel in the detection region, its z-direction neighbors, below and above, were found (n neighbors in
each direction, where n = 5 was used). The tissue type classification (lungs, fat, heart-or-liver, and contrast-material) of
the given voxel and each of its ten neighbors was determined based upon their gray levels, as previously explained.
The number of neighbors that were "missing" was also counted which occurred whenever the given voxel was close to
the boundary of the section. A "good-grade" and a "bad-grade" for the voxel were generated as follows. The good-grade
that was used is indicative of the extent that the given voxel’s arrangement of neighbors has attributes expected of a
voxel at the boundary between cardiac and liver tissue. The good-grade was taken to be the maximum of the following
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quantities (all between 0 and 1). (The set of neighbors from below included the voxel of interest itself):
The number of lung voxels divided by n.

[0053] The number of fat voxels from above times the total number of heart or liver voxels and contrast voxels from
below, divided by n (n+1).

[0054] The bad-grade that was used is indicative of the extent that the given voxel’'s arrangement of neighbors has
attributes different from attributes expected of a voxel at the boundary between heart and liver tissue and is taken to be
the maximum of the following quantities (all between 0 and 1, again the neighbors from below include the voxel of interest
itself):

The total number of fat, heart or liver, and contrast voxels from above, times the number of fat voxels from below,
divided by n(n+1).

[0055] The number of contrast voxels from above times the number of contrast voxels from below, divided by n (n+1).
[0056] The number of heart or liver voxels from above times the total number of heart or liver voxels, and missing
voxels, from below, divided by n(n+1).

[0057] A quantity indicative as to whether or not there are contrast voxels from below (1 or 0 respectively) having a
gray value above 200.

[0058] In order to assign a cost to a voxel in the detection region, the bad-grade minus the good-grade was calculated
and a constant offset greater than 1 was added to ensure that the assigned cost was positive. Suppose that this offset
equals 1+e (e>0). The size of e defines the ratio between the grade of a completely good voxel (=e) to the grade of a
completely bad voxel (=2+e), and hence the ratio of costs in the fast marching algorithm. e was taken to be 0.2.
[0059] Using these costs, a boundary connecting an initial point to an end point obtained above was first obtained in
the central coronal section using a fast marching algorithm. If the end-points were not on the boundary of the section,
the boundary was extended to higher x-values with the z value of the end point, and to lower x-values with the z value
of the initial boundary point. The obtained path was the approximate boundary between the heart and the liver in the
central coronal section.

[0060] Coronal sections having other y-values were then examined. In order to find a heart-liver boundary in each
section, the following inductive procedure was used. The end points of the boundary of the previously analyzed section
(i.e. the points having the same x and z coordinates) were taken and the detection region used in the fast marching
algorithm of the new coronal section consisted of points that were within a fixed distance (10 voxels were used in this
example) from the boundary found in the previously analyzed section. This was done to ensure continuity of the 3D
boundary between the liver and heart tissues layer, and to make the path searching more efficient. The same scoring
was used for all of the coronal sections analyzed.

[0061] In order to complete the construction of the layer, the path of the start-y-value section was copied to lower y-
value sections and the path from the end-y-value section was coped to higher y-value sections.

[0062] In this stage, after finding the liver-heart boundary, the "liver upper level" value, (and consequently the central
slice, located 40 mm above the liver upper level, as described above, were updated. The liver upper level was taken to
be the average of the z- values of boundary voxels, in an xy-square of edge of 40 mm, centered at the heart center (i.e.
if the heart center in the central slice was found to be (xg, y) the z-values of the boundary at the points of the square
[xg-h, xg+h]X[yg-h,yo+h], were averaged, where h=20/x_mm_per_pixel).

[0063] Finally, all the voxels that were below the boundary obtained were given the attribute 1, i.e. these are cage
voxels that have to be removed from the scan.

9. Separation of the sternum, lungs and aorta

[0064] A boundary was found separating the heart from the lungs, sternum and aorta. For this purpose axial slices
were analyzed. The start and end z-levels between which the axial slices were analyzed were fixed. The lower z-bound
was 1 cm above the updated liver level, and the upper z-bound was 13 cm above the updated liver upper level.
[0065] A boundary between the sternum and heart was found in the central axial slice by the method of the invention
using a fast marching technique. The slices were treated iteratively starting with the central slice.

[0066] The end points of the boundary were the points of discontinuity of the initial approximate heart contour at the
sternum that were found in step 5. The detection region was limited to a rectangle having an x-dimension extending
from the sternum-start point to the sternum-end point, and the y-dimension was set to include both the sternum start
and the sternum end point, and was extended 10 mms to lower y values.

[0067] A cost was assigned to each voxel in the detection region as follows:
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For a given voxel in the detection region, a set of neighbors of the given voxel was formed consisting of n voxels
(n=2 was used) on each side of the voxel of interest, along a line connecting the heart-center of the slice to the
given voxel together with the given voxel (a total of 2n + 1 voxels). The number of neighbors of each type (lungs,
fat, heart, muscle and contrast-bone), along a ray from the heart center to the given voxel towards and away from
the heart center, was determined. (The range of gray levels for the bone is the same range for the contrast material,
hence the two types are considered together). The "inside" neighbors included the voxel of interest itself. Good and
bad grades were assigned to the voxels in the detection region as follows:

The good-grade was the maximum of the following quantities:

the number of inside fat-value neighbors times the sum of the number of outside heart-muscle-value and
the number of contrast-bone value voxels, divided by n(n+1).

[0068] The sum ofinside fat voxels and heart-muscle voxels times the number of outside lung voxels, divided by n(n+1).
[0069] The bad-grade was the maximum of the following quantities:

1 if the given voxel is a contrast-bone voxel and 0 otherwise.

[0070] The number of inside fat voxels times the number of outside fat voxels divided by n*(n+1).

[0071] The number of outside contrast voxels divided by n.

[0072] The number of outside heart-muscle voxels divided by n.

[0073] The cost was the bad-grade minus the good-grade, plus a fixed offset to ensure that the cost is positive. An
offset of 1.1 was used.

[0074] The fast marching algorithm produced a path between the end points that was very close to the sternum, with
the sternum outside the path. The portion of the refined heart contour residing at the sternum heart boundary was
replaced with the path produced by the fast marching algorithm.

[0075] After the boundary between the heart tissue and sternum was detected, the process was repeated for other
axial slices. The following inductive step was used to detect the boundary in axial sections between the axial start and
the axial end z values.

[0076] Given an axial slice, it was treated as above, except that now we looked for the sternum jumps only in a fixed
size neighborhood (usually the size was 5 voxels) of the sternum discontinuities of the previously analyzed axial slice.
This ensures the z-direction continuity of the sternum standard and points.

[0077] The detection region used was limited to a two-dimensional neighborhood within a radius of voxels where
distance from the previously found boundary is at most 10 voxels. This ensures continuity of the 3D sternum boundary
layer, and provides efficient computability.

[0078] This produced an envelope of the heart, between the start and end z values. The start level contour was copied
to all axial sections of lower z values, and the end level contour was copied to all axial sections of the higher z values.
All the voxels that were outside this envelope were assigned the attribute 1, i.e. these were cage voxels.

10. Smoothing the surface

[0079] The final step was to smooth surface of the cage/heart. An opening operation was used first, followed by a
closing operation as described in [2].
[0080] The boundary between the heart tissue and the adjacent cage tissues in all slices defines a boundary in the
3D scan between the heart and the cage tissues. The 3D scan was then segmented. Figure 3 shows a schematic
representation of a section of the segmented scan showing cardiac tissue 14. Bone, liver, lung, and aorta tissues are
absent from the segmented 3D scan.

Contour of Minimum Length and Curvature

[0081] A description is now provided regarding a contour of minimum length and curvature. We are given two points
in the plane, and the direction of the tangent at each point, and we need to connect these two points with a smooth
contour, while controlling both its length and its curvature.

[0082] We treat the curve in a parametric representation:

R() = (X(®),Y (), O<t<l
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[0083] The problem is solved separately for each coordinate. For this purpose a mathematical method called Calculus
of Variations is used. A description of the method can be found in any textbook on Analytic Mechanics.
[0084] Here we take the Lagrangian to be:

L, X, X)=X"+r - X°

[0085] The parameter r can be interpreted as the ratio between the measure to which we require minimum curvature
to the measure to which we require minimum length.
[0086] Applying the Euler-Lagrange Equations to this Lagrangian, we get the differential equation:

XD 42X =0

[0087] The general solution of this equation is given by:

X ()= A.exp(rt) + B.exp(—rt) + Ct+ D

where the coefficients A, B, C, D are determined by the four values

X(0), X(1), X(0), X(1).

[0088] It will be understood that the system according to the invention may be a suitably programmed computer.
Likewise, the invention contemplates a computer program being readable by a computer for executing the method of
the invention. The invention further contemplates a machine-readable memory tangibly embodying a program of instruc-
tions executable by the machine for executing the method of the invention. A computer program product may include
one or more storage medium, for example; magnetic storage media such as magnetic disk (such as a floppy disk) or
magnetic tape; optical storage media such as optical disk, optical tape, or machine readable bar code; solid-state
electronic storage devices such as random access memory (RAM), or read-only memory (ROM); or any other physical
device or media employed to store a computer program having instructions for controlling one or more computers to
practice the method according to the present invention.

[0089] All documents, patents, journal articles and other materials cited in the present application are hereby incor-
porated by reference.

[0090] The invention has been described in detail with particular reference to a presently preferred embodiment, but
it will be understood that variations and modifications can be effected within the spirit and scope of the invention. The
presently disclosed embodiments are therefore considered in all respects to be illustrative and not restrictive. The scope
of the invention is indicated by the appended claims, and all changes that come within the meaning and range of
equivalents thereof are intended to be embraced therein.

PARTS LIST
[0091]

2 saggital section of a 3D cardiac CT scan.

4 cardiac tissue

6 sternum and ribs

8 liver

9 aorta

10  epicardial fat

12 heart mask

14  heart and sternum tissue

15  lung tissue

P point in the approximate center of the heart in the mask

13
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Claims

1.

10.

1.

12.

13.

A method for detecting a boundary between a first tissue and a second tissue in at least a detection region of a two-
dimensional image, wherein the two-dimensional image is a section or a cut of a 3D scan, comprising:

(a) assigning a cost to each voxel in the detection region, the cost being indicative of the likelihood that the
voxel is not located on the boundary between the first tissue and the second tissue;

(b) designating in the detection region at least one initial point of the boundary and at least one end point of the
boundary;

(c) obtaining a path of voxels in the detection region joining an initial point and an end point of minimal cost
from among two or more paths joining an initial point and an end point, the cost of a path being obtained in a
calculation based upon the costs assigned to the voxels of the path; and

(d) designating the path having minimal cost as the boundary between the firstand second tissues, characterized
in that the cost of a given voxel in the detection region is assigned by:

classifying one or more voxels in a neighborhood of the given voxel into a tissue class from among one or
more tissue classes; and

assigning the cost to the given voxel in a calculation involving the tissue classification of voxels in the
neighborhood.

The method according to Claim 1 further characterized in that the given voxel has a gray level and a voxel is
classified into a tissue class by:

providing a gray level range for each of the one or more tissue classes; and
classifying the voxel into a tissue class whose gray level range includes the gray level of the voxel.

The method according to Claim 1 or Claim 2, wherein a cost assigned to a path is a sum of the costs of the voxels
of the path.

The method according to Claim 1 or Claim 2, wherein the path of minimal cost is obtained using a fast marching
algorithm.

The method according to Claim 1 or Claim 2, wherein the image is a section or cut of a CT scan.

The method according to Claim 5 wherein the CT scan is a cardiac CT scan.

The method according to Claim 6 wherein the first tissue is cardiac tissue.

The method according to Claim 7 wherein the second tissue is liver tissue.

The method according to Claim 1 or Claim 2, wherein the first tissue is cardiac tissue, the second tissue is liver
tissue and the one or more tissue classes are selected from lung tissue, fat tissue, heart-or-liver tissue, and contrast-
material.

The method according to Claim 1 or Claim 2, wherein the second tissue is bone tissue.

The method according to Claim 10 wherein the bone tissue is sternum.

The method according to Claim 1 or Claim 2, wherein the first tissue is cardiac tissue, the second tissue is bone
tissue and the one or more tissue classes are selected from lung tissue, fat tissue, heart tissue and contrast or bone
tissue.

The method according to Claim 1 or Claim 2, wherein a cost assigned to a given voxel is calculated based on a
difference between a bad-grade and a good-grade, the good-grade being indicative of the extent that the given
voxel's arrangement of neighbors has attributes of a voxel at the boundary between the first and second tissues

and the bad-grade being indicative of the extent that the given voxel's arrangement of neighbors has attributes
different from attributes of a voxel at the boundary between the first and second tissues.
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A method for detecting a boundary between afirsttissue or organ and a second tissue or organ in a three-dimensional
scan using the method according to Claim 1 or Claim 2, characterized in that:

(a) the path having minimal cost is designated as a boundary between the first and second tissues in the two-
dimensional section; and

(b) the boundary between the first and second organ or tissue in the three-dimensional scan is defined as being
formed by the boundaries designated in the two dimensional sections.

A method for segmenting a three-dimensional scan having a tissue or organ of interest and one or more cage tissues
or organs using the method of Claim 1 or Claim 2, characterized in that:

(a) the path having minimal cost is designated as a boundary between the tissue or organ of interest and the
cage tissue or organ of interest in the two-dimensional section;

(b) a boundary between the tissue or organ of interest and the cage tissue or organ in the scan is formed by
the boundaries designated in the two-dimensional sections; and

(c) a bit-volume is generated having integer dimensions equal to integer dimensional of the scan, a voxel in the
bit-volume having a value of 0 if the voxel belongs to the tissue of interest as determined by the boundaries
between the tissue or organ of interest and the one or more cage tissues or organs, and a voxel in the bit-
volume having a value of 1 if the voxel belongs to the one or more cage tissues or organs, as determined by
the boundaries between the tissue or organ of interest and the one or more cage tissues or organs.

The method according to Claim 15 wherein a path is obtained in a two-dimensional section in a vicinity of a path
previously found in a section.

A program storage device readable by computer, tangibly embodying a program of instructions executable by the
computer to perform method of any of Claims 1-16.

Patentanspriiche

1.

2,

Verfahren zum Detektieren einer Grenze zwischen einem ersten Gewebe und einem zweiten Gewebe in zumindest
einem Detektionsbereich eines zweidimensionalen Bildes, wobei das zweidimensionale Bild ein Schnitt oder ein
Querschnitt einer 3D-Abtastung ist, wobei das Verfahren Folgendes aufweist:

(a) Zuordnen eines Kostenwertes zu jeden Voxel bzw. Volumenelement in dem Detektionsbereich, wobei der
Kostenwert die Wahrscheinlichkeit anzeigt, dass das Voxel nicht auf der Grenze zwischen dem ersten Gewebe
und dem zweiten Gewebe angeordnet ist;

(b) Zuordnen in dem Detektionsbereich von mindestens einem Anfangspunkt der Grenze und mindestens einem
Endpunkt der Grenze;

(c) Gewinnen eines Pfades von Voxeln in dem Detektionsbereich durch Verbinden eines Anfangspunktes und
eines Endpunktes mit minimalen Kostenwert aus zwei oder mehr Pfaden, welche einen Anfangspunkt und einen
Endpunkt verbinden, wobei der Kostenwert eines Pfades in einer Berechnung basierend aus den Kostenwerten
gewonnen wird, die den Voxeln des Pfades zugeordnet sind;

(d) Zuordnen des Pfades mit minimalen Kosten als die Grenze zwischen den ersten und zweiten Geweben,
dadurch gekennzeichnet, dass der Kostenwert eines gegebenen Voxels in dem Detektionsbereich zugeordnet
wird durch:

Klassifizieren von einem oder mehreren Voxeln in einer Nachbarschaft des gegebenen Voxels in einer
Gewebeklasse aus einer oder mehreren Gewebeklassen; und

Zuordnen des Kostenwertes zu dem gegebenen Voxelin einer Berechnung welche die Gewebeklassifikation
von Voxeln in der Nachbarschaft einbezieht.

Verfahren nach Anspruch 1, welches weiter dadurch gekennzeichnet ist, dass das gegebene Voxel einen Grau-
pegel bzw. Grauwert hat, und dass ein Voxel in eine Gewebeklasse klassifiziert wird durch:

Vorsehen eines Grauwertbereiches fir jede der ein oder mehreren Gewebeklassen; und
Klassifizieren des Voxels in eine Gewebeklasse, deren Grauwertbereich den Grauwert des Voxels aufweist.
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Verfahren nach Anspruch 1 oder 2, wobei ein Kostenwert, der einem Pfad zugeordnet ist, eine Summe der Kos-
tenwerte der Voxel des Pfades ist.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei der Pfad mit minimalem Kostenwert unter Verwendung eines
Fast-marching-Algorithmus erhalten wird.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei das Bild ein Schnitt oder Querschnitt eines Computertomogra-
phie- bzw. CT-Scans ist.

Verfahren nach Anspruch 5, wobei der CT-Scan ein CT-Scan des Herzens ist.
Verfahren nach Anspruch 6, wobei das erste Gewebe Herzgewebe ist.
Verfahren nach Anspruch 7, wobei das zweite Gewebe Lebergewebe ist.

Verfahren nach Anspruch 1 oder nach Anspruch 2, wobei das erste Gewebe Herzgewebe ist, wobei das zweite
Gewebe Lebergewebe ist, und wobei die ein oder mehreren Gewebeklassen aus Lungengewebe, Fettgewebe,
Herz- oder-Leber-Gewebe und Kontrastmaterial ausgewahlt sind.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei das zweite Gewebe Knochengewebe ist.
Verfahren nach Anspruch 10, wobei das Knochengewebe das Brustbein bzw. Sternum ist.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei das erste Gewebe Herzgewebe ist, wobei das zweite Gewebe
Knochengewebe ist, und wobei die ein oder mehreren Gewebeklassen aus Lungengewebe, Fettgewebe, Herzge-
webe und Kontrast- oder Knochengewebe ausgewabhlt sind.

Verfahren nach Anspruch 1 oder Anspruch 2, wobei ein Kostenwert, der einem gegebenen Voxel zugeordnet ist,
basierend auf einer Differenz zwischen einer schlechten Qualitat und einer guten Qualitat berechnet wird, wobei
die gute Qualitat das AusmaR anzeigt, indem die Anordnung von Nachbarn des gegebenen Voxels Attribute eines
Voxels an der Grenze zwischen den ersten und zweiten Geweben hat, und wobei die schlechte Qualitat das Ausmafy
anzeigt, in dem die gegebene Anordnung von Nachbarn andere Attribute als Attribute eines Voxels an der Grenze
zwischen den ersten und zweiten Geweben hat.

Verfahren zum Detektieren einer Grenze zwischen einem ersten Gewebe oder Organ und einem zweiten Gewebe
oder Organin einer dreidimensionalen Abtastung unter Verwendung des Verfahrens nach Anspruch 1 oder Anspruch
2, dadurch gekennzeichnet, dass:

(a) der Pfad mit minimalem Kostenwert als eine Grenze zwischen dem ersten und zweiten Geweben in dem
zweidimensionalen Abschnitt bezeichnet wird; und

(b) die Grenze zwischen dem ersten du zweiten Organ oder Gewebe in der dreidimensionalen Abtastung als
durch die Grenzen geformt definiert wird, die in den zweidimensionalen Abschnitten festgelegt sind.

Verfahren zum Segmentieren einer dreidimensionalen Abtastung, die ein Gewebe oder Organ von Interesse und
ein oder mehrere Brustkorbgewebe oder Organe hat bzw. aufweist, unter Verwendung des Verfahrens nach An-
spruch 1 oder 2, dadurch gekennzeichnet, dass:

(a) der Pfad mit dem minimalen Kostenwert als eine Grenze zwischen dem Gewebe oder Organ von Interesse
und den Brustkorbgewebe oder Organ von Interesse in dem zweidimensionalen Querschnitt bezeichnet wird;
(b) eine Grenze zwischen dem Gewebe oder Organ von Interesse und dem Brustkorbgewebe oder Organ in
der Abtastung durch die Grenzen geformt wird, die in den zweidimensionalen Querschnitten festgelegt sind; und
(c) ein Bit-Volumen erzeugt wird, welches ganzzahlige Dimensionen bzw. Integer-Dimensionen gleich einer
Integer-Dimension der Abtastung hat, wobei ein Voxel bzw. Volumenelement in dem Bit-Volumen einen Wert
von Null hat, wenn das Voxel zu dem Gewebe von Interesse gehort, wie durch die Grenzen zwischen dem
Gewebe oder Organ von Interesse und dem einen oder mehreren Brustkorbgeweben oder Organen bestimmt,
und wobei ein Voxel in dem Bit-Volumen einen Wert von Eins hat, wenn das Voxel zu dem einen oder mehreren
Brustkorbgeweben oder Organen gehdrt, wie durch die Grenzen zwischen dem Gewebe oder Organ von Inte-
resse und dem einen oder mehreren Brustkorbgeweben oder Organen bestimmt.
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16. Verfahren nach Anspruch 15, wobei ein Pfad in einem zweidimensionalen Querschnitt in einer Nachbarschaft eines
Pfades erhalten wird, der zuvor in einem Querschnitt gefunden wurde.

17. Programmspeichervorrichtung, die durch einen Computer lesbar ist, die in greifbarer Weise ein Programm von
Anweisungen verkoérpert, die von dem Computer ausfiihrbar sind, um das Verfahren nach einem der Anspriiche
1-16 auszufiihren.

Revendications

1. Procédé pour détecter une frontiére entre un premier tissu et un deuxiéme tissu dans au moins une région de
détection d’'une image bidimensionnelle, I'image bidimensionnelle étant une section ou une coupe d’'une image de
scanner 3D, comprenant :

(a) affecter un colt a chaque voxel dans la région de détection, le colt étant indicatif de la probabilité que le
voxel ne soit pas situé sur la frontiere entre le premier tissu et le deuxieme tissu ;

(b) désigner dans la région de détection au moins un point initial de la frontiére et au moins un point d’extrémité
de la frontiére ;

(c) obtenir un chemin de voxels dans région de détection joignant un point initial et un point d’extrémité, de colt
minimal parmi deux ou plusieurs chemins joignant un point initial et un point d’extrémité, le colt d’'un chemin
étant obtenu par un calcul basé sur les colts affectés aux voxels du chemin ; et

(d) désigner le chemin ayant le co(it minimal comme la frontiére entre les premier et deuxieme tissus, caractérisé
en ce que le colt d'un voxel donné dans la région de détection est affecté :

en classant un ou plusieurs voxels dans un voisinage du voxel donné dans une classe de tissu parmi une
ou plusieurs classes de tissu ; et
en affectant le colt au voxel donné par un calcul impliquant la classification en tissu de voxels du voisinage.

2. Procédé selon la revendication 1, caractérisé en outre en ce que le voxel donné a un niveau de gris et qu’un voxel

est classé dans une classe de tissu :

en prévoyant une plage de niveaux de gris pour chacune desdites une ou plusieurs classes de tissu ; et
en classant le voxel dans une classe de tissu dontla plage de niveaux de gris comprend le niveau de gris du voxel.

3. Procédé selon la revendication 1 ou la revendication 2, dans lequel le coit affecté a un chemin est la somme des

colts des voxels du chemin.

4. Procédé selon larevendication 1 ou la revendication 2, dans lequel le chemin de colt minimal est obtenu en utilisant

un algorithme de marche rapide.

5. Procédé selon la revendication 1 ou la revendication 2, dans lequel 'image est une section ou une coupe d’'une
image de scanner CT.

6. Procédé selon la revendication 5, dans lequel I'image de scanner CT est une image de scanner CT cardiaque.

7. Procédé selon la revendication 6, dans lequel le premier tissu est du tissu cardiaque.
8. Procédé selon la revendication 7, dans lequel le deuxieéme tissu est du tissu de foie.

9. Procédé selon la revendication 1 ou la revendication 2, dans lequel le premier tissu est du tissu cardiaque, le

deuxiéme tissu est du tissu de foie et lesdites une ou plusieurs classes de tissu sont sélectionnées parmi du tissu
de poumon, du tissu graisseux, du tissu de coeur ou de foie, et du matériau de contraste.

10. Procédé selon la revendication 1 ou la revendication 2, dans lequel le deuxiéme tissu est du tissu osseux.
11. Procédé selon la revendication 10, dans lequel le tissu osseux est du tissu de sternum.

12. Procédé selon la revendication 1 ou la revendication 2, dans lequel le premier tissu est du tissu cardiaque, le
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deuxiéme tissu est du tissu osseux et lesdites une ou plusieurs classes de tissu sont sélectionnées parmi du tissu
de poumon, du tissu graisseux, du tissu de coeur et du tissu de contraste ou d’os.

Procédé selon la revendication 1 ou la revendication 2, dans lequel le colt affecté a un voxel donné est calculé sur
la base d’'une différence entre une mauvaise note et une bonne note, la bonne note étant indicative de I'étendue
avec laquelle 'agencement de voisins du voxel donné a des attributs d’'un voxel au niveau de la frontiere entre les
premier et deuxiéme tissus, et la mauvaise note étant indicative de I'étendue avec laquelle 'agencement de voisins
du voxel donné a des attributs différents d’attributs d’'un voxel au niveau de la frontiére entre les premier et deuxiéme
tissus.

Procédé pour détecter une frontiere entre un premier tissu ou organe et un deuxiéme tissu ou organe dans une
image de scanner tridimensionnelle en utilisant le procédé selon la revendication 1 ou la revendication 2, caractérisé
en ce que

(a) le chemin ayant le colt minimal est désigné comme étant la frontiére entre les premier et deuxiéme tissus
dans la section bidimensionnelle ; et

(b) la frontiére entre les premier et deuxieme organes ou tissus dans I'image de scanner tridimensionnelle est
définie comme étant formée par les frontieres désignées dans les sections bidimensionnelles.

Procédé pour segmenter une image de scanner tridimensionnelle comportant un tissu ou un organe auquel on
s’intéresse et un ou plusieurs tissus ou organes de cage en utilisant le procédé de la revendication 1 ou de la
revendication 2, caractérisé en ce que :

(a) le chemin ayant le colt minimal est désigné comme étant une frontiére entre le tissu ou I'organe auquel on
s’intéresse et le tissu ou 'organe de cage auquel on s’intéresse dans la section bidimensionnelle ;

(b) une frontiére entre le tissu ou I'organe auquel on s’intéresse et le tissu ou 'organe de cage dans I'image de
scanner est formée par les frontieres désignées dans les sections bidimensionnelles ; et

(c) un volume de bits est généré avec des dimensions entiéres égales a des dimensions entiéres de I'image
de scanner, un voxel dans le volume de bits ayant une valeur de O si le voxel appartient au tissu auquel on
s’intéresse, tel que déterminé par les frontiéres entre le tissu ou I'organe auquel on s’intéresse et lesdits un ou
plusieurs tissus ou organes de cage, et un voxel dans le volume de bits ayant une valeur de 1 si le voxel
appartient auxdits un ou plusieurs tissus ou organes de cage, tel que déterminé par les frontiéres entre le tissu
ou l'organe auquel on s’intéresse et lesdits un ou plusieurs tissus ou organes de cage.

Procédé selon larevendication 15, dans lequel un chemin est obtenu dans une section bidimensionnelle au voisinage
d’un chemin trouvé précédemment dans une section.

Dispositif de stockage de programme lisible par un ordinateur, comportant de fagon tangible un programme d’ins-
tructions exécutables par l'ordinateur pour réaliser un procédé de I'une quelconque des revendications 1 a 16.
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