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Description

[0001] This invention relates to segmentation of med-
ical images. More particularly, the invention relates to a
method and system for segmenting an region of interest
in three-dimensional medical images for use in volumet-
ric measurement.

[0002] It is well-known to obtain three-dimensional
(3D) arrays of data representing one or more physical
properties within an interior of a solid body, for example,
anatomical structures. In medical imaging, such data is
obtained by a variety of non-invasive methods such as
positron emission tomography (PET), computed tomog-
raphy (CT), magnetic resonance imaging (MRI), ultra-
sound, x-ray or a combination thereof. Regardless of the
image data acquisition method, the 3D array of data typ-
ically consists of a plurality of sets of three-dimensional
coordinates distributed at regular positions about the
body of interest. There are a variety of techniques avail-
able to generate a three-dimensional model or structure.
Typically, a seed voxel (volume element) is placed within
the anatomical structure of interest and adjacent voxels
are successively analyzed and identified as belonging to
the same structure generally if they are adjacent to a
previously identified voxel and they meet a specified at-
tribute, such as intensity or radiological density. In ac-
cordance with any of the known techniques, a 3D image
is obtained for visualization.

[0003] The three-dimensional (3D) visualization of in-
ternal anatomical structures is a technique by medical
professionals and research scientists. Three-dimension-
al models enable the ability to rotate the model or virtual
representation of the anatomical structure, as well as ad-
just a point of perspective and zoom in/out from features
of interest. Additionally, volumetric measurements are
enabled by a variety of known 3D image processing tech-
niques.

[0004] Three-dimensional visualization and volume
measurement is of particular interest for studying the
brain, other organs and body parts. Measurements of 3D
images either by registration methods or by segmenta-
tion methods are typically tedious because manual edit-
ing is required in a 3D representation. Supervised seg-
mentation methods are not sufficiently accurate because
of inter-observer error. Another technique, known as ac-
tive contours, has been able to segment the medical im-
age using a model where the surface of the active contour
(bubble) moves at a velocity that depends on curvature
and diffusive flow. This involves growing a bubble con-
strained by image parameters such as gradients and cur-
vature and constructing a force that stops the bubble
growth. However, most of the available techniques en-
counter some degree of error. For example, the connect-
ed volume after segmentation may include regions that
are not of interest thus requiring some user intervention.
Further, the connected volume may include connection
through a undesired narrow region, bridge or other small
structure that connects different regions that are desira-
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bly separated.

[0005] In STEUDEL A. "IMAGE CODING WITH
FUZZY REGION GROWING SEGMENTATION" Darm-
stadt University of Technology, IEEE, 1996, pp.955-958,
afuzzy based rule systemis applied to segmentanimage
completely into disjoint regions. In SIVEWRIGHT GJET
AL:"INTERACTIVE REGION AND VOLUME GROWING
FOR SEGMENTING VOLUMES IN MR AND CT IMAG-
ES" MEDICAL INFORMATICA, TAYLOR AND FRAN-
CIS, BASINGSTOKE, GB, vol. 19, no. 1, 1994, pages
71-80, XP000603452 ISSN: 0307-7640 selected parts
of CT or MR images are marked out using threshold pa-
rameters for connecting areas of pixels having similar
intensity values.

[0006] There is a desire for method and system that
segments three-dimensional medical images in a semi-
automatic manner with minimal user intervention.
[0007] In accordance with a first embodiment of the
invention, a method A method for segmenting three-di-
mensional (3D) medical images containing a region of
interest, the method comprising the steps of: manually
identifying a first set of seed points within the region of
interest; manually identifying a second set of seed points
outside the region of interest; constructing a first sphere
within the region of interest wherein the first sphere is
centered about a first set of seed points; using the iden-
tified seed points to classify all the voxels contained within
the 3D medical images using a spatially constrained
fuzzy clustering algorithm, so as to transfer the 3D image
set into a fuzzy partition domain where each voxel is as-
signed a probability of belonging to the desired region of
interest based on a homegenity function; generating a
plurality of second spheres; selecting the radius of cur-
vature of the first sphere and the plurality of second
spheres based on a predetermined radius of curvature
to eliminate noise voxels on the interface between an
inner portion of and an outer portion of the region of in-
terest; accepting ones of the plurality of second spheres
that satisfy the homogeneity function threshold as de-
fined by the spatial constrained fuzzy clustering algorithm
such that only those spherical regions completely com-
posed of voxels above said threshold are allowed to prop-
agate, thereby adaptively growing, expanding and defin-
ing a three-dimensional area that defines the desired re-
gion of interest; iterating the above steps until there are
no more active seed points; displaying the desired region
of interest defined by the steps of accepting and adap-
tively growing of the three-dimensional area.

[0008] In a further embodiment there is a system for
segmenting medical images containing a region of inter-
est and acquired by an image acquisition device, the sys-
tem comprising: a processor coupled to the image ac-
quisition device, the processor computing segmentation
of the medical image wherein the computation of seg-
mentation comprises the steps of: manually identifying a
first set of seed points within the region of interest; man-
ually identifying a second set of seed points outside the
region of interest; constructing a first sphere within the
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region of interest wherein the first sphere is centered
about a first set of seed points; using the identified seed
points to classify all the voxels contained within the 3D
medical images using a spatially constrained fuzzy clus-
tering algorithm, so as to transfer the 3D image set into
a fuzzy partition domain where each voxel is assigned a
probability of belonging to the desired region of interest
based on a homegenity function; generating a plurality
of second spheres; selecting the radius of curvature of
the first sphere and the plurality of second spheres based
on a predetermined radius of curvature to eliminate noise
voxels on the interface between an inner portion of and
an outer portion of the region of interest; accepting ones
of the plurality of second spheres that satisfy the homo-
geneity function threshold as defined by the spatial con-
strained fuzzy clustering algorithm such that only those
spherical regions completely composed of voxels above
said threshold are allowed to propagate, thereby adap-
tively growing, expanding and defining a three-dimen-
sional area that defines the desired region of interest;
iterating the above steps until there are no more active
seed points; displaying the desired region of interest de-
fined by the steps of accepting and adaptively growing
of the three-dimensional area; and an interface unit cou-
pled to the processor for interpreting information relating
to the segmentation of the medical image.

[0009] A processor uses the identified seed points to
classify all the voxels in the data set using a spatially
constrained fuzzy clustering algorithm. Herein, the 3D
image set is transformed into a fuzzy partition domain
where each voxel is assigned a probability of belonging
to the desired region of interest based on a homogeneity
function. A processor constructs a set of first spheres
within the region of interest centered on the first set of
seed points. A plurality of second spheres is generated
by the processor. Ones of the plurality of second spheres
are accepted that satisfy the homogeneity function
threshold as defined by the spatial constrained fuzzy
clustering algorithm. A three-dimensional area defining
the region of interest is adaptively grown based on the
accepting of the ones of the plurality of second spheres.
A radius of curvature of the spheres is determined to
eliminate noise voxels on the interface between an inside
of the region of interest and outside the region of interest.
The region of interest defined by the adaptively growing
of the three-dimensional area and selecting the radius of
curvature is displayed to a human user.

[0010] The invention will now be described in greater
detail, by way of example, with reference to the drawings,
in which:-

Fig. 1 is a block diagram view of a medical imaging
system for use in a representative embodiment of
the present invention;

Fig. 2 is a diagrammatic view of the positioning of
the seed points in relation to the generated spheres
in a representative embodiment of the present in-

10

15

20

25

30

35

40

45

50

55

vention;

Figs. 3-5 are diagrammatic views of a representative
embodiment of processing used in semi-automatic
segmentation of a medical image; and

Fig. 6 is a block diagram view of a process for semi-
automatic segmentation of a medical image.

[0011] Referring to Figure 1, a block diagram of a sys-
tem 100 for semi-automatic segmentation of a medical
image 135. The system 100 includes an imaging device
110 that can be selected from various medical imaging
devices for generating a plurality of medical images 135.
In one embodiment, medical imaging techniques, such
as, for example, positron emission tomography (PET)
and magnetic resonance imaging (MRI) systems, are
used to generate the medical images 135.

[0012] Inone embodiment, during a PET imaging ses-
sion, a patient is injected with a radio-labeled ligand that
specifically targets metabolically hyperactive regions like
tumors. The patient horizontally lies inside the scanner.
Photon emissions from the decay of the radio-active lig-
and are detected by a series of photon detectors. The
detectors measure the amount radio-active emissions
from inside the patient’s body. This information is used
to compute the concentration of the radio-labeled ligand
for sample points in the body. A gray scale image is then
constructed based upon the calculated radio-ligand con-
centrations. The shades of gray in the image contrast the
amount of radio-ligand concentration of every point within
the slice. The slices obtained during a PET session can
be reconstructed to provide an functionally correct rep-
resentation of the area of interest within the body.
[0013] In another embodiment, during a MR imaging
session, the patient is placed inside a strong magnetic
field generated by a large magnet. Magnetized protons
within the patient, such as hydrogen atoms, align with
the magnetic field produced by the magnet. A particular
slice of the patient is exposed to radio waves that create
an oscillating magnetic field perpendicular to the main
magnetic field. The slices can be taken in any plane cho-
sen by the physician or technician (hereinafter the "op-
erator") performing the imaging session. The protons in
the patient’s body first absorb the radio waves and then
emit the waves by moving out of alignment with the field.
As the protons return to their original state (before exci-
tation), diagnostic images based upon the waves emitted
by the patient’s body are created. Like PET image slices,
MR image slices can be reconstructed to provide an over-
all picture of the body area of interest. Parts of the body
that produce a high signal are displayed as white in an
MR image, while those with the lowest signals are dis-
played as black. Other body parts that have varying signal
intensities between high and low are displayed by various
shades of gray.

[0014] Once amedicalimage has been obtained using
a medical imaging technique, the medical images 135
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are generally segmented. The segmentation process
classifies the pixels or voxels of the medical image 135
into a certain number of classes that are homogeneous
with respect to some characteristic (i.e. intensity, texture,
etc.). For example, in a segmented medical image of the
brain, the material of the brain can be categorized into
three classes: gray matter, white matter, and cerebros-
pinal fluid. Individual colors can be used to mark regions
of each class after the segmentation has been complet-
ed. Once the segmented medical image is developed,
surgeons or other medical personnel can use the seg-
mented images to plan surgical techniques and/or assist
in diagnoses.

[0015] Typically, creating a segmented medical image
involves several steps. A data set is created by capturing
slices of data from the medical image 135. Through the
segmentation process, a gray scale value is assigned to
each point in the data set and different types of tissues
willhave different gray scale values. Each type of material
in the data is assigned a specific value and, therefore,
each occurrence of that material has the same gray scale
value. Forexample, alloccurrences of bonein a particular
image may appear in a particular shade of light gray. This
standard of coloring allows the individual viewing the im-
age to easily understand the objects and/or regions of
interest being represented in the images.

[0016] In one embodiment as further shown in Fig. 1,
a medical imaging system 100 comprises a processor
120 connected to animaging device 110 and an interface
unit 130. The imaging device 110 generates a plurality
of image data sets 140 and can comprise, for example,
a positron emission tomography (PET) or magnetic res-
onance (MR) scanner. In the context of PET and/or MR,
imaging system 100 acquisition ofimage data 140 is gen-
erally referred to as scanning. The processor 120 per-
forms computations relating to semi-automatic segmen-
tation of the medical image 135 as described herein. Fur-
ther, the processor 120 is also performs computation and
control functions for image processing techniques, such
as, forexample, reconstruction, image data memory stor-
age, segmentation, etc. In one embodiment, the proces-
sor 120 comprises a central processing unit (CPU), such
as, for example, a single integrated circuit and/or micro-
processor. In another embodiment, the processor 120
comprises a CPU comprising, such as, for example, a
plurality of integrated circuit devices and/or circuit boards
working in cooperation to accomplish various functions.
In even another embodiment, the processor 120 includes
a memory device, such as, for example, random access
memory (RAM), dynamic random access memory
(DRAM), static random access memory (SRAM), flash
memory, cache memory, etc. In addition, it should be
appreciated that, in other embodiments, the processor
120 may internally comprise a memory device. In addi-
tion, the processor 120 executes the programs contained
in memory and can act in response to those programs
to perform other activities or functions that can occur in
the course of image acquisition and image viewing. Also
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as shown in Fig. 1, the processor 120 further performs
segmentation methods as described herein in relation to
Figs. 2-6 and in response to placement of seed points
from, for example, interface unit 130.

[0017] Asfurther shownin Fig. 1, the interface unit 130
is coupled to processor 120 and allows a human user to
communicate with imaging system 100. Additionally, the
processor 120 can perform computations that are trans-
mitted to and/or from interface unit 130 in a manner such
that a human user is capable of interpreting the transmit-
ted information. In one embodiment, the transmitted in-
formation can include images in 2D or 3D, color and gray
scale images, and text messages regarding diagnosis
and detection information. In another embodiment, the
interface unit 130 can comprise, for example, a personal
computer, an input/output device, an image work station,
a hand held image display unit or a conventional image
display platform generally included as a component in a
PET or MRI system.

[0018] The image data 140 gathered from multiple
scans of the patient can considered one data set and can
be formed into a medical image 135. Each data set can
be broken up into smaller units, either pixels or voxels.
When the data setis two-dimensional, the medical image
135 is made up of units called pixels. A pixel is a point in
two-dimensional space that can be referenced using two-
dimensional coordinates, usually x and y. Each pixel in
an image is surrounded by eight other pixels, the nine
pixels forming a three-by-three square. These eight other
pixels, which surround the center pixel, are considered
the eight-connected neighbors of the center pixel. When
the data set is three-dimensional, the medical image 135
is displayed in units called voxels. A voxel is a point in
three-dimensional space that can be referenced using
three-dimensional coordinates, usually x, y and z. Each
voxel is surrounded by twenty-six other voxels. These
twenty-six voxels can be considered the twenty-six con-
nected neighbors of the original voxel.

[0019] Inone embodiment, as shown in Fig. 6, a meth-
od 600 is provided for segmenting a three-dimensional
(3D) medical image 135 that has a region of interest 200
(Fig. 2). A first set of seed points (A) is identified within
the region of interest 200 (step 610). A second set of
seed points (B) is identified outside the region of interest
200 (step 620). It should be appreciated that, in one em-
bodiment, a set of seed points comprises at least one
seed point. It should further be appreciated that, in an-
other embodiment, a set of seed points can comprise a
plurality of seed points. It should also be appreciated that,
in one embodiment, the first set of seed points (A) and
the second set of seed points (B) can be identified by a
human user using the interface unit 130 of the imaging
system 100. A first sphere 210 is constructed within the
region of interest 200 and is centered about the first set
of seed points (A) (step 630). It should be appreciated
that, in one embodiment, the first sphere 210 can com-
prise a set of first spheres wherein each of the set is
centered about a different one of the set of seed points



7 EP 1 365 356 B1 8

(A). Using a spatial constrained fuzzy clustering algo-
rithm, all the voxels contained in the 3D medical image
135are classified as belonging to the region of interest
200 based on a homogeneity function and a homogeneity
function threshold is determined (step 640). A number of
second spheres 220 (Fig. 3) are generated (step 650).
Only those second spheres 220 that satisfy the homo-
geneity function threshold as defined by the spatial con-
stricted fuzzy clustering algorithm are accepted. In one
embodiment, the homogeneity function threshold is sat-
isfied when the homogeneity function threshold of the
first sphere 210 is equal to or greater than the homoge-
neity function threshold of the particular one of the second
spheres 220. In another embodiment, the homogeneity
function threshold is satisfied when the homogeneity
function threshold of the first sphere 210 is equal to or
less than the homogeneity function threshold of the par-
ticular one of the second spheres 220. A three-dimen-
sional area 230 (Fig. 5) defining the region of interest 200
is adaptively grown and/or expanded based of the ac-
cepting of the particular ones of the second spheres 220
(step 660). The region of interest 200 defined by the
adaptive growing and/or expanding of the ones of the
second spheres 220 is displayed to a human user (step
660). It should be appreciated that, in one embodiment,
the interface unit 130 can perform the displaying of the
region of interested 200.

[0020] In another embodiment as shown in Fig. 2, the
apparatus and method 100 for segmenting three-dimen-
sional medical images 135 containing an object of inter-
est 200 includes identifying a first set of seed points (A)
and a second set of seed points (B). The first set of seed
points (A) is identified in an inner portion 202 of the region
of interest 200. The second set of seed points (B) is lo-
cated in an exterior portion 204 in relation to the region
ofinterest 200. In this embodiment, the first set of spheres
210 is constructed completely in the inner potion 202 of
the region of interest 200 and about the first set of seed
points (A). In even another embodiment, the number of
second spheres 220 is generated about the first sphere
210.

[0021] Asdiscussed above and shown in Figs. 3-5, the
voxels contained in the 3D image 135 are classified with
a particular homogeneity function as defined by the spa-
tial constricted fuzzy clustering algorithm. In one embod-
iment, the spatial constricted fuzzy clustering algorithm
models the inherent high inter-pixel correlation between
neighboring voxels and the fuzzy edges due to inherent
low resolution properties of the medical image 135. The
voxels contained in each one of the second spheres 220
is tested against the homogeneity function threshold.
Those second spheres 220 that satisfy the homogeneity
function threshold are accepted, and those second
spheres 220 that do not satisfy the homogeneity function
threshold are not accepted. The second spheres 220 that
are accepted grow, expand and define a three-dimen-
sional area 230 that defines the region of interest 200.
Therefore, it should be appreciated that by this semi-
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automatic segmentation the growth, expansion and def-
inition of the three-dimensional area 230 of the region of
interest 210 is performed using a fuzzy partition domain
map of the medical image rather than the native pixel/
voxel intensity domain.

[0022] In one exemplary embodiment, the images are
three-dimensional medicalimages 135 acquired by mag-
netic resonance imaging (MRI). However, it is to be ap-
preciated that the three-dimensional medical images
may be acquired by techniques other imaging systems
such as, for example, computed tomography (CT), pos-
itron emission tomography (PET), and x-ray systems. In
another embodiment, the imaging system 100 can com-
prise a PET system and the medical images 135 can
comprise oncology images.

[0023] In a further embodiment, the method 100 and
apparatus for segmenting the medicalimage 135 aradius
of curvature (R) (Fig. 2) of the first sphere 210 and the
second spheres 220 is selected. The radius of curvature
(R) and the morphological opening is used to eliminate
noise voxels on the interface between an inner potion
202 and an outer portion 204 of the region of interest 200
and, in addition, increase the robustness against noise.
In addition, the selection of the radius of curvature (R)
prevents the joining of objects connected by thin paths
or the inclusion of noise areas on the surface and/or in-
terface (area demarking the inner portion 202 and the
outside potion 204) of the region of interest 200. It should
be appreciated that, in one embodiment, the radius of
curvature (R) can be determined by the imaging system
100. In addition, it should also be appreciate that, in an-
other embodiment, that the radius of curvature (R) of the
spheres can selected in accordance with a predeter-
mined radius of curvature (R) of the segmented repre-
sentation.

[0024] In even another embodiment, the medical im-
ages 135 can comprise three-dimensional brain images
acquired by magnetic resonance imaging (MRI). It should
also be appreciated that, in other embodiments, the
three-dimensional medical images 135 may be acquired
techniques other imaging techniques, such as, for exam-
ple computed tomography (CT), positron emission tom-
ography (PET), and x-ray systems. Generally, three-di-
mensional magnetic brainimages 135 can be segmented
by connectivity using the methods described above.
However, in the three-dimensional magnetic brain imag-
es 135, there may be connections between the intracra-
nial volume and the scalp that should also be segmented.
Forexample, one path that connects the brain to the scalp
is along the optic nerve to the fluid filled eye globes and
then the facial tissue. In this embodiment, one or more
seeds in placed in the object (in this embodiment, the
brain) and wavelets of afixed spherical radius are formed.
As used herein a "wavelet" refers to a data structure rep-
resenting the voxels contained within a sphere. The ra-
dius of the wavelet is selected by the user to prevent
connectivity along narrow paths. The wavelets are tested
and only those spherical regions completely composed
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of voxels above a critical threshold are allowed to prop-
agate. In one embodiment, the critical threshold compris-
es the homogeneity function threshold. In addition, the
threshold refers to a parameter defining the region of
interest 200 and is generally based on intensity values.
In one embodiment, the threshold is selected to define
the region of interest 200 such that the voxels within the
region of interest 200 are above the threshold and the
remaining voxels are considered background. The
threshold alone is generally not sufficient for segmenta-
tion because other objects may also have an intensity
value above the threshold. For example, the brain and
scalp have similarly high relative intensity compared to
other voxels. Further in this embodiment, at the boundary
of a growing bubble, there are active spherical wavelets
with active seeds at the center. The bubble is composed
of the region swept out by the wavelets. After each iter-
ation, a layer of wavelets propagate in until there are no
more active seeds. The union of all the spherical regions
(wavelets) that are completely above the threshold define
the connected volume (bubble). It is to be noted that re-
gions that form bridges smaller in dimension than the
selected bubble diameter are not included in the con-
nected region. Further, the connected volume does not
propagate into noisy regions where the voxels above
threshold are randomly selected.

Claims

1. A method for segmenting three-dimensional (3D)
medical images (135) containing a region of interest,
the method comprising the steps of:

manually identifying a first set of seed points (A)
within the region of interest (200);

manually identifying a second set of seed points
(B) outside the region of interest (200);
constructing afirstsphere (210) within the region
of interest (200) wherein the first sphere (210)
is centered about a first set of seed points (A);
using the identified seed points (A,B) to classify
all the voxels contained within the 3D medical
images (135) using a spatially constrained fuzzy
clustering algorithm, so as to transfer the 3D im-
age set into a fuzzy partition domain where each
voxel is assigned a probability of belonging to
the desired region of interest based on a homo-
geneity function;

generating a plurality of second spheres (220);
selecting the radius of curvature of the first
sphere (210) and the plurality of second spheres
(220) based on a predetermined radius of cur-
vature to eliminate noise voxels on the interface
between an inner portion (202) of and an outer
portion (204) of the region of interest (200);
accepting ones of the plurality of second
spheres (220) that satisfy the homogeneity func-
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3.

tion threshold as defined by the spatial con-
strained fuzzy clustering algorithm such that on-
ly those spherical regions completely composed
of voxels above said threshold are allowed to
propagate, thereby adaptively growing, expand-
ing and defining (660) a three-dimensional area
(230) that defines the desired region of interest
(200);

iterating the above steps until there are no more
active seed points;

displaying the desired region of interest defined
by the steps of accepting and adaptively growing
of the three-dimensional area (230).

The method of Claim 1 wherein the three-dimension-
al images are acquired by at least one of magnetic
resonance imaging (MRI), computed tomography
(CT), positron emission tomography (PET), and x-
ray systems.

A system for segmenting medical images (1000)
containing a region of interest (200) and acquired by
an image acquisition device (110), the system com-
prising:

a processor (120) coupled to the image acqui-
sition device (110), the processor (120) comput-
ing segmentation of the medical image (135)
wherein the computation of segmentation com-
prises the steps of:

manually identifying afirst set of seed points
(A) within the region of interest (200);
manually identifying a second set of seed
points (B) outside the region of interest
(200);

constructing a first sphere (210) within the
region of interest (200) wherein the first
sphere (210) is centered about a first set of
seed points (A);

using the identified seed points (A,B) to
classify all the voxels contained within the
3D medical images (135) using a spatially
constrained fuzzy clustering algorithm, so
as to transfer the 3D image set into a fuzzy
partition domain where each voxel is as-
signed a probability of belonging to the de-
sired region of interest based on a homo-
geneity function;

generating a plurality of second spheres
(220);

selecting the radius of curvature of the first
sphere (210) and the plurality of second
spheres (220) based on a predetermined
radius of curvature to eliminate noise voxels
on the interface between an inner portion
(202) of and an outer portion (204) of the
region of interest (200);
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accepting ones of the plurality of second
spheres (220) that satisfy the homogeneity
function threshold as defined by the spatial
constrained fuzzy clustering algorithm such
that only those spherical regions completely
composed of voxels above said threshold
are allowed to propagate, thereby adaptive-
ly growing, expanding and defining (660) a
three-dimensional area (230) that defines
the desired region of interest (200);
iterating the above steps until there are no
more active seed points;

displaying the desired region of interest de-
fined by the steps of accepting and adap-
tively growing of the three-dimensional area
(230); and

an interface unit (130) coupled to the proc-
essor (120) for interpreting information re-
lating to the segmentation of the medical
image (135).

Patentanspriiche

1.

Verfahren zum Segmentieren dreidimensionaler
(3D) medizinischer Bilder (135), die einen interes-
sierenden Bereich enthalten, wobei das Verfahren
die Schritte aufweist:

manuelles Bezeichnen eines ersten Satzes von
Ausgangspunkten (A) innerhalb des interessie-
renden Bereichs (200) ;

manuelles Bezeichnen eines zweiten Satzes
von Ausgangspunkten (B) auBerhalb des inter-
essierenden Bereichs (200);

Konstruieren einer ersten Kugel (210) innerhalb
des interessierenden Bereichs (200), wobei die
erste Kugel (210) um einen ersten Satz von Aus-
gangspunkten (A) zentriert ist;

Verwenden der bezeichneten Ausgangspunkte
(A, B) zum Klassifizieren aller in den medizini-
schen 3D-Bildern (135) enthaltenen Voxel unter
Anwendung eines raumlich begrenzten Fuzzy-
Gruppierungs-Algorithmus, um so den 3D-Bild-
satz in einen Fuzzy-Partitions-Bereich zu Gber-
tragen, in welchem jedem Voxel eine Wahr-
scheinlichkeit einer Zugehdrigkeit zu dem ge-
winschten interessierenden Bereich auf der Ba-
sis einer Homogenitatsfunktion zugeordnet
wird;

Erzeugen mehrerer zweiter Kugeln (220);
Wahlen des Krimmungsradius der ersten Kugel
(210) und der mehreren zweiten Kugeln (220)
auf der Basis eines vorbestimmten Krimmungs-
radius, um Rauschvoxel an der Schnittstelle
zwischen einem inneren Abschnitt (220) und ei-
nem dufleren Abschnitt (204) des interessieren-
den Bereichs (200) zu eliminieren;
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Akzeptieren einiger von den mehreren zweiten
Kugeln (220), die dem Schwellenwert der Ho-
mogenitatsfunktion geman Definition durch den
rdumlich begrenzten Fuzzy-Gruppierungs-Al-
gorithmus dergestalt gentigen, dass nur dieje-
nigen Kugelbereiche, die vollstéandig aus Voxeln
Uber dem Schwellenwert bestehen, sich aus-
breiten diirfen, um dadurch adaptiv einen drei-
dimensionalen Bereich (230), der den ge-
wiinschten interessierenden Bereich (200) de-
finiert, wachsen zu lassen, zu erweitern und zu
definieren (660);

Wiederholen der vorstehenden Schritte, bis es
keine weiteren Ausgangspunkte mehr gibt;
Anzeigen des gewilnschten interessierenden
Bereichs, der durch die Schritte des Akzeptie-
rens und adaptiven Wachsenlassens des drei-
dimensionalen Bereiches (230) definiert ist.

Verfahren nach Anspruch 1, wobei die dreidimen-
sionalen Bilder durch wenigstens Eines von Ma-
gnetresonanzbildgebung (MRI), Computertomogra-
phie (CT), Positronen-Emissionstomographie (PET)
und Réntgensystemen erfasst wird.

System zum Segmentieren von medizinischen Bil-
dern (1000), die einen interessierenden Bereich
(200) enthalten und von einer Bilderfassungsvorrich-
tung (110) erfasst wurden, wobei das System auf-
weist:

einen mit der Bilderfassungsvorrichtung (110)
gekoppelten Prozessor (120), wobei der Pro-
zessor (120) eine Segmentierung des medizini-
schen Bildes (135) berechnet, und wobei die Be-
rechnung der Segmentierung die Schritte auf-
weist:

manuelles Bezeichnen eines ersten Satzes
von Ausgangspunkten (A) innerhalb des in-
teressierenden Bereichs (200) ;
manuelles Bezeichnen eines zweiten Sat-
zes von Ausgangspunkten (B) aul3erhalb
des interessierenden Bereichs (200) ;
Konstruieren einer ersten Kugel (210) in-
nerhalb des interessierenden Bereichs
(200), wobei die erste Kugel (210) um einen
ersten Satz von Ausgangspunkten (A) zen-
triert ist;

Verwenden der bezeichneten Ausgangs-
punkte (A, B) zum Klassifizieren aller in den
medizinischen 3D-Bildern (135) enthalte-
nen Voxel unter Anwendung eines raumlich
begrenzten Fuzzy-Gruppierungs-Algorith-
mus, um so den 3D-Bildsatzin einen Fuzzy-
Partitions-Bereich zu Ubertragen, in wel-
chem jedem Voxel eine Wahrscheinlichkeit
einer Zugehorigkeit zu dem gewlnschten
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interessierenden Bereich auf der Basis ei-
ner Homogenitatsfunktion zugeordnet wird;
Erzeugen mehrerer zweiter Kugeln (220);

Wahlen des Krimmungsradius der ersten

spatiales, de fagon a transférer I'ensemble
d’'images 3D vers un domaine de partition floue
dans lequel chaque voxel se voit attribuer une
probabilité d’appartenir a la région d’intérét dé-

Kugel (210) und der mehreren zweiten Ku- 5 sirée sur la base d’une fonction d’homogénéité;
geln (220) auf der Basis eines vorbestimm- génération d’une pluralité de secondes sphéres
ten Krimmungsradius, um Rauschvoxel an (220);
der Schnittstelle zwischen einem inneren sélection du rayon de courbure de la premiere
Abschnitt (220) und einem &uReren Ab- sphére (210) etde la pluralité de secondes sphée-
schnitt (204) des interessierenden Bereichs 10 res (220) sur la base d'un rayon de courbure
(200) zu eliminieren; prédéterminé afin d’éliminer des voxels de bruit
Akzeptieren einiger von den mehreren sur l'interface entre une partie interne (202) et
zweiten Kugeln (220), die dem Schwellen- une partie externe (204) de la région d’intérét
wert der Homogenitatsfunktion geman De- (200);
finition durch den raumlich begrenzten Fuz- 15 acceptation de celles des secondes spheres
zy-Gruppierungs-Algorithmus  dergestalt (220) qui satisfont le seuil de fonction d’homo-
genligen, dass nur diejenigen Kugelberei- généité défini par I'algorithme de classification
che, die vollstandig aus Voxeln Gber dem floue sous contraintes spatiales de telle maniéere
Schwellenwert bestehen, sich ausbreiten que seules les régions sphériques qui sont en-
dirfen, um dadurch adaptiv einen dreidi- 20 tierement composées de voxels supérieurs
mensionalen Bereich (230), der den ge- audit seuil soient autorisées a se propager, pour
winschten interessierenden Bereich (200) ainsi réaliser la croissance adaptative, I'expan-
definiert, wachsen zu lassen, zu erweitern sion et la définition (660) d’'une zone tridimen-
und zu definieren (660); sionnelle (230) qui définit la région d’intérét dé-
Wiederholen der vorstehenden Schritte, bis 25 sirée (200);
es keine weiteren Ausgangspunkte mehr itération des étapes précédentes jusqu’a ce qu’il
gibt; n’y ait plus de points germes actifs; et
Anzeigen des gewlinschten interessieren- affichage de la région d'intérét désirée définie
den Bereichs, der durch die Schritte des Ak- par les étapes d’acceptation et de croissance
zeptierens und adaptiven Wachsenlassens 30 adaptative de la zone tridimensionnelle (230).
des dreidimensionalen Bereiches (230) de-
finiert ist; und Procédé selon la revendication 1, dans lequel les
eine mit dem Prozessor (120) verbundene images tridimensionnelles sont acquises par au
Schnittstelleneinheit (130), um Information moins un systéme parmi des systémes d’imagerie
beziiglich der Segmentation des medizini- 35 par résonance magnétique (IRM), de tomodensito-
schen Bildes (135) zu interpretieren. métrie (TDM), de tomographie par émission de po-
sitons (TEP) et de radiographie.
Revendications 3. Systeme de segmentation d’images médicales

40 (1000) contenant une région d’intérét et acquises
par un dispositif d’acquisition d’image (110), le sys-
teme comprenant :

1. Procédé de segmentation d’images médicales tridi-
mensionnelles (3D) (135) contenant une région d’in-
térét, le procédé comprenant les étapes de :

identification manuelle d’'un premier ensemble
de points germes (A) a l'intérieur de la région
d’intérét (200);

identification manuelle d’'un second ensemble
de points germes (B) a I'extérieur de la région
d’intérét (200);

construction d’une premiére sphére (210) a I'in-
térieur de la région d’intérét (200), la premiere
sphére (210) étant centrée sur un premier en-
semble de points germes (A);

utilisation des points germes identifiés (A, B)
pour classifier tous les voxels contenus dans les
images médicales 3D (135) a l'aide d’'un algo-
rithme de classification floue sous contraintes
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un processeur (120) couplé au dispositif d’ac-
quisition d’image (110), le processeur (120) cal-
culant une segmentation de I'image médicale
(135), le calcul de segmentation comprenant les
étapes de :

identification manuelle d’'un premier en-
semble de points germes (A) a l'intérieur de
la région d’intérét (200);

identification manuelle d’'un second ensem-
ble de points germes (B) a I'extérieur de la
région d’intérét (200);

construction d’'une premiére sphére (210) a
l'intérieur de la région d’intérét (200), la pre-
miére sphere (210) étant centrée surun pre-
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mier ensemble de points germes (A);
utilisation des points germes identifiés (A,
B) pour classifier tous les voxels contenus
danslesimages médicales 3D (135) al'aide
d’un algorithme de classification floue sous
contraintes spatiales, de fagon a transférer
'ensemble d’'images 3D vers un domaine
de partition floue dans lequel chaque voxel
se voit attribuer une probabilité d’appartenir
a la région d'intérét désirée sur la base
d’une fonction d’homogénéité;

génération d’'une pluralité de secondes
sphéres (220);

sélection du rayon de courbure de la pre-
miéere sphéere (210) et de la pluralité de se-
condes sphéres (220) sur la base d’'un
rayon de courbure prédéterminé afin d’éli-
miner des voxels de bruit sur I'interface en-
tre une partie interne (202) et une partie ex-
terne (204) de la région d’intérét (200);
acceptation de celles des secondes sphée-
res (220) qui satisfont le seuil de fonction
d’homogénéité défini par I'algorithme de
classification floue sous contraintes spatia-
les de telle maniére que seules les régions
sphériques qui sont entierement compo-
sées de voxels supérieurs audit seuil soient
autorisées a se propager, pour ainsi réaliser
la croissance adaptative, I'expansion et la
définition (660) d’'une zone tridimensionnel-
le (230) qui définit la région d’'intérét désirée
(200);

itération des étapes précédentes jusqu’ace
qu’il N’y ait plus de points germes actifs; et
affichage de la région d’'intérét désirée dé-
finie par les étapes d’acceptation et de
croissance adaptative de la zone tridimen-
sionnelle (230); et

une unité d’interface (130) couplée au pro-
cesseur (120) pour interpréter des informa-
tions relatives a la segmentation de I'image
médicale (135).
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