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AUTOMATIC IMAGE SEGMENTATIONMETHODS AND APPARATUS

Background of the Invention

This application claims the benefit of priority of United States Patent Application Se¬

rial No. 60/989,915, filed November 23, 2007, the teachings of which are incorporated herein

by reference.

The invention pertains to digital data processing and, more particularly, to the visuali¬

zation of image data. It has application, by way of non-limiting example, in medical imag¬

ing, microscopy, geophysics, non-destructive testing.

Data sets in diagnostic medical imaging and other disciplines such as microscopy,

geo-physics, non destructive testing etc., are growing in size and number. Efficient visualiza¬

tion methods are therefore increasingly important to enable clinicians, researchers and others

to analyze digital image data. Image segmentation and the extraction of structures from im¬

ages for visualization and analysis can be helpful for this purpose.

Image segmentation is an automated technique that facilitates distinguishing objects

and other features in digital images. The technique can be used, for example, to simplify dig

itized images so that they can be more readily interpreted by computers (e.g., image analysis

software) and/or by their users. Thus, for example, image segmentation can be used to sim¬

plify a digitized x-ray image of a patient who has consumed a barium "milkshake." In its

original form, such an image is made up of pixels containing a wide range of undifferentiated

intensity values that — although, possibly recognizable to the human eye as skeletal bones

and digestive tract — are largely uninterpretable by a computer.

Image segmentation can remedy this by categorizing as being of potential interest

(e.g., "not background") all pixels of a selected intensity range — typically, all intensities

above a threshold value. Alternatively, image segmentation can rely on finding all edges or

borders in the image. A related, but still further alternative technique, is to identify all "con¬

nected components" — i.e., groupings of adjacent pixels in the image of the same, or similar,

pixel intensity (or color). Yet another image segmentation technique involves "region grow-



ing," in which connected components are grown around seed point pixels known to reside

within structures of interest.

Continuing the example, threshold-based segmentation can be applied to an x-ray im¬

age such that pixels whose intensities are above, say, 200 (out of 255) are labelled as barium-

containing digestive organs and all other pixels are labelled as background. If the pixel inten¬

sities of the former are uniformly adjusted to a common value of, say, 255, and the pixel in

tensities of the latter are uniformly adjusted to, say, 0, the resulting "segmented" image, with

only two levels of intensity values (0 and 255) is often more readily interpreted by man and

machine alike.

An object of the invention is to provide improved methods and apparatus for digital

data processing.

A related object is to provide such improved methods and apparatus for the visualiza¬

tion of image data.

A still further related aspect of the invention is to provide such methods and apparatus

as can be applied in medical imaging, microscopy, geophysics, non destructive testing, and

other imaging applications.



Summary of the Invention

The invention provides methods and apparatus for image processing that perform im

age segmentation on data sets in two- and/or three-dimensions so as to resolve structures that

have the same or similar grey values (and that would otherwise render with the same or simi¬

lar intensity values) and that, thereby, facilitate visualization and processing of those data

sets.

Such methods and apparatus can be used, for example, to apply different visualization

parameters or rendering methods to different structures or regions of the data set, including

completely hiding one or more those regions. In particular, for example, aspects of the inven¬

tion provide methods and apparatus for medical imaging that automatically extract bone

structures in computed tomography (CT) 3D run-off studies without removing vessel struc¬

tures (although those vessel structures may have the same or similar grey values). Further

aspects of the invention provide for automatic removal of these and/or other structures shown

in 3D (and other dimensional) images generated by other medical imaging techniques.

Thus, in one aspect, the invention provides a method for processing one or more two-

dimensional (2D) image slices of a three-dimensional (3D) volume. The method includes the

steps of identifying a region of the 3D volume to which the 2D image belongs, and perform¬

ing segmentation on the 2D image to identify connected components. The method further

calls for labeling pixels of those connected components based on geometric characteristics

(e.g., shape and/or size), where such labeling is based on a volumetric region to which the 2D

image belongs. By way of example, methods of the invention can be applied to processing

2D image "slices" generated via computed tomography, e.g., in medical imaging. For these

purposes, the "region" is a region of the patient's body.

Related aspects of the invention provide such methods wherein the step of identifying

the region to which the 2D image belongs includes computing a histogram of the image and

comparing it with one or more other histograms, e.g., from an atlas of average histograms

previously determined for the 3D volume (such as, for example, an atlas of average CT histo¬

grams for the human body). The image can be assigned, for example, to the region of the 3D



volume associated with the best-matching histogram from the atlas. In instances where mul¬

tiple 2D images are assigned to regions, the method can include checking those assignments

for consistency and re-assigning one or more 2D images to another region, as necessary.

Still further related aspects of the invention provide such methods wherein the step of

identifying the region to which the 2D image belongs includes determining additional infor¬

mation about the 2D image by performing threshold segmentation and determining therefrom

any of (a) a number of connected components in the resulting image and/or (b) a total area

occupied by selected structures and/or types of structures (e.g., body tissues). Alternatively,

or in addition, the step of determining additional information can include computing a histo¬

gram of selected structures (e.g., a histogram of a region within the body and/or a region cov¬

ered by body tissues).

Other aspects of the invention provide methods as described above in which the step

of performing segmentation on the 2D image includes performing a threshold segmentation

to label identically pixels representing the structures of interest. When such methods are ap¬

plied to processing CT images, for example, such structures may be vasculature (e.g., blood

vessels) and bone.

Such methods can, according to related aspects of the invention, include identifying

connected components in the 2D image, following threshold segmentation, and relabeling

pixels as differing types of structures of interest (e.g., vasculature versus bone, and vice

versa) based on geometric properties of those connected components, e.g., in the context of

the (body) region to which the 2D image has been assigned.

Still further related aspects of the invention provide such methods in which the step of

performing segmentation on the 2D image to identify and label connected components based

on their geometric characteristics includes performing such segmentation with increasingly

larger thresholds to identify connected components that separate, as a result, into multiple

components. When this is detected, the method calls for relabeling as differing types of

structures of interest (again, by way of example, vasculature versus bone, and vice versa)

making up those separated components.



Still further aspects of the invention provide methods as described above that include

performing segmentation on a 3D data set formed from the plurality of the 2D images so as to

label voxels representing the structures of interest (e.g., vasculature versus bone). According

to these aspects of the invention, such segmentation can include flood-filling the 3D data set

from one or more seed points placed at voxels in such structures of interest.

Flood-filling can proceed with increasing voxel intensity ranges until a connected

component or region created thereby overextends. In related aspects of the invention, flood-

filling is terminated when a connected component formed thereby either (i) stair-steps, or (ii)

overruns a seed point placed in a voxel representing another structure of interest.

According to still further related aspects of the invention, the method calls for using

model-based detection to find structures of interest in the 3D data set. And, yet, in still fur¬

ther related aspects of the invention, pixels corresponding to voxels labeled using such 3D

segmentation are not relabeled if and when 2D segmentation of the type described above is

performed.

These and other aspects of the invention are evident in the drawings and the descrip¬

tion that follows.



Brief Description of the Drawings

A more complete understanding of the invention may be attained by reference to the

drawings, in which:

Figure IA depicts a digital data processing environment of the type in which the in

vention is practiced;

Figure IB overviews a method according to the invention;

Figure 2 depicts a result of segmentation of a data set of images utilizing two-

dimensional and/or three-dimensional segmentation-based methods according to the inven

tion;

Figure 3 depicts a method according to the invention for assigning a 2D image slice to

a volumetric region;

Figure 4 depicts a method according to the invention for 2D segmentation;

Figure 5 depicts a method according to the invention for 3D segmentation;

Figures 6 - 8 depict a melding and segregation of structures in an image subject to 2D

segmentation according to the invention.



Detailed Description of the Illustrated Embodiment

Overview

Described below are methods and apparatus for image processing according to the

invention. These may be realized on workstations, personal computers, and other digital data

processing systems of the type known in the art and used for image processing and/or recon¬

struction, an example of which is provided in Figure IA.

The system 10 includes a central processing unit (CPU) 30, dynamic memory (RAM)

32, and I/O section 34, all of the type known in the art, as adapted in accord with the teach¬

ings hereof. The digital data processor 26 may be coupled, via I/O section 34, with an image

source (not shown), as well as with a monitor or other presentation device 28 on which im¬

ages processed by system 10 may be displayed. I/O section 34 can also provide coupling to

other apparatus (e.g., storage devices) and/or networks to which processed images can be

transmitted for storage, displayed or otherwise. Illustrated digital data processor 26 may also

include one or more graphical processing units (GPUs) 36, or other hardware acceleration

devices, to facilitate execution of the methods described herein, though, such is not a re¬

quirement of the invention. Moreover, although digital data processor 26 is shown here has a

stand-alone device, in other embodiments, it may be arranged otherwise, e.g., as an embed¬

ded processor.

The image source generates or otherwise supplies a plurality of images 14 for seg

mentation. In the illustrated embodiment, these represent, individually, two-dimensional

(2D) "slices" of a three-dimensional (3D) volume. Indeed, in the example discussed below,

they represent axial slices of a computed tomography (CT) scan of a patient's body, or por

tion thereof. More generally, however, images supplied by source 12 may derive from any

number of technical pursuits, medical and non-medical alike, such as, by way of non-limiting

example, microscopy, geophysics, non destructive testing, and so forth. Furthermore, al¬

though referred to as such in the illustrated embodiment, in other embodiments "images" 14

may comprise two-dimensional slices of data of any nature that make up the 3D volume.



Figure IB overviews operation of the system 10 and, more particularly, of computer

software 40 executing thereon for purposes of segmenting images 14. Although such meth¬

ods according to the invention are implemented in computer software (or, a "computer pro¬

gram")^ other embodiments, such apparatus and/or methods may be implemented solely in

hardware, in firmware or otherwise.

Referring to the drawing, the system 10 and, more particularly, the software 40 exe¬

cutes the following operations:

• First the image data is loaded into main memory 32 of the computer 26. See, step

42. This can be effected all at once or in stages, e.g., as image data from the respective

slices is needed for processing. In the illustrated embodiment, that image data comprises

the plurality of 2D images 14 that make up a 3D volume (hence, the image data is re¬

ferred to as a "3D data set"). In other embodiments, processing is performed on only a

single individual 2D image.

• Then, specific structures represented in the images are segmented, i.e., pixels (and

voxels) belonging to those structures are marked (or "labeled") in a suitable data structure

in memory 32. See, step 44. In instances where the images 14 are from medical imaging

apparatus, the structures can be, for example, anatomical structures. The data structure

may comprise any collection of data elements (e.g., an array, struct, linked list, etc.) of the

type known in the art (as adopted for use herewith) suitable for holding labels that desig¬

nate structures to which the pixels and/or voxels belong.

• Then the processed image data is displayed, e.g., on output device 28, using dif¬

ferent rendering settings for the different structures. See step 46. In other embodiments,

the processed image data may be subjected to still further processing on device 26, b e

fore, after, or in lieu of display. Alternatively, or in addition, it may be transmitted else¬

where (e.g., to other equipment and/or locations) for storage, processing, and/or display.

Figures 3 - 5 depict further details of the processing effected in step 44. The discus¬

sion of those figures below uses, as an example, segmentation of bone and blood vessels in



the images 14, e.g., to enable the former to be removed during display of the segmented im

ages in step 46. However, as noted above, it will be appreciated that the invention can be

used for a variety of other purposes and in a variety of other applications.

To understand the example, it will be appreciated that, often, CT studies use contrast

agent to visualize the blood vessels. In such cases the blood vessels appear bright in the CT

images, similar to bone structures. When rendering the image in maximum intensity projec¬

tion mode (MIP), then the bright bone structures will often occlude the vessel structures

which are typically much thinner than bone. However since both contrasted vessels and bone

have the same or similar intensity values, standard rendering methods to distinguish them,

such as assigning different transparency values based on intensity, will fail. Apparatus and

methods according to the invention resolve this, allowing for the segmentation of structures

represented in images 14 — i.e., structures that would otherwise render with the same or

similar intensity values — so that they may be rendered (and/or processed) differently from

one another.

In the example that follows, those methods are applied to segment pixels representing

bone differently from those representing blood vessels so that they can be rendered differ¬

ently and, particularly, so that the bone can be rendered invisibly in step 46. Figure 2 illus¬

trates the result of executing such a method. In the left hand half of the figure a maximum

intensity projection (MIP) of a CT runoff study is shown. Most of the vascular structure is

hidden by the bone. In the right hand half of the figure voxels belonging to bone were seg¬

mented using methods of the invention and then left out in the rendering, thus, revealing the

vessel structure. Note that in the discussion that follows, the images 14 are referred to, indi¬

vidually, as "slices," "2D slices," or the like and, collectively, as the "data set," "3D data set,"

or the like.

Identifying Body Regions

Referring to Figure 3, the illustrated method first identifies volumetric regions to

which the respective image slices 14 belong. In the example, these are body regions, i.e.,



ranges of successive slices corresponding to certain anatomy, such as foot, lower leg, knee,

upper leg, hip, lower abdomen, lung. This is done as follows:

A histogram is computed for each slice of the data set. See step 48. The histogram is

computed in the conventional manner known in the art.

The histograms are then used to determine which volumetric regions the respective

slices belong to. In the example, the histograms are compared with an anatomic atlas con¬

taining average histograms for the different body regions. See step 50. For each of the slices

a correlation such as a cross-correlation is computed between the slice histogram and said

atlas of average histograms in order to determine which body part's histogram the slice most

closely matches and therefore most likely belongs to. The slice is then assigned to the respec¬

tive body part. See step 52.

Once all (or a subset of all) of the slices have been assigned, then it is checked

whether the individual slice assignment is consistent with the overall volumetric region to

which they pertain. In the example, the slice assignments are checked to insure that they are

consistent with human anatomy, e.g. in the above example, there can only be one range of

slices assigned to each of the body regions such as "lower leg" and the body regions must be

ordered in the correct spatial order. See step 54.

If inconsistencies are detected, slices are re-assigned to different volumetric re¬

gions — in the example, body regions — to obtain a consistent overall assignment. In many

instances, multiple different sets of slices could be chosen for re-assignment in order to

achieve overall consistency. Preferably, methods and apparatus according to the invention

choose the one which re-assigns the smallest number of slices possible to achieve consis¬

tency.

As those skilled in the art will appreciate, additional criteria (or parameters) can be

utilized to match slices to atlas entries — or, more generally, to determine which volumetric

regions the respective slices belong to. This is illustrated in steps 56 - 64. Generally speak¬

ing, this involves performing a threshold segmentation on each slice and, then, determining



(a) the number of connected components in the image and/or (b) the total area occupied by

pixels representing structures and/or types of structures of interest (in the example, body tis¬

sues). It may also involve computing a second histogram for the latter, i.e., structures of

interest (e.g., pixels within the body).

More particularly, by way of example, in the illustrated embodiment additional pa¬

rameters for processing axial slices of a CT scan, e.g., for segmentation of bone and blood

vessels, can be computed in a manner such as the following:

A threshold segmentation is performed in each slice with a threshold of -1000 HU

(Hounsfield Units) which separates body tissue from air. See step 58. The number of con

nected components in the threshold segmented image is computed, as well as the total area

covered by body pixels. See steps 60 - 62. A second histogram (subsequently referred to as

Body Histogram) is computed for each slice which only takes into account pixels inside the

body, i.e., enclosed in a connected component in said threshold segmented image. See step

64. It will be appreciated that, in some applications, the threshold used to separate body tis¬

sue from air may vary (e.g., from about -1000 HU to other values) and that, in other embodi¬

ments, still other thresholds are used, e.g., to distinguish among other structures and/or types

of structures of interest.

The additional information determined for each slice following threshold segmenta

tion (in step 58) — namely, the number of connected components, the total area occupied by

structures of interest (e.g., body tissue), and/or a histogram of those structures — can be used

along with (or instead of) the slice histogram computed in step 48, to determine volumetric

regions (e.g., body regions) to which the respective image slices 14 belong.

In the example, the additional information is used to assign slices to body regions and/

or anatomical structures using criteria such as, for example, "slices which have a significant

number (>25%) of air pixels (pixels with intensity < -1000 HU) are assigned to lung" or "the

number of connected components in slices in region lower leg is two" or "the knee region is

between 2cm and 20cm in size". Adding such criteria can make the illustrated method and

apparatus more robust and/or more efficient. The exact selection of criteria is application- and



image-set dependent: for example a criterion like "the number of connected components in

slices in region lower leg is two" should not be chosen if one-legged patient data are to be

processed.

Performing Segmentation in Slices

Once the slices have been assigned to volumetric regions (in the example, body re¬

gions), 2D segmentation is performed to identify connected components of potential interest

(bone and vessel) and their pixels labelled (or categorized) based on geometric characteris¬

tics. In the example, this differentiates pixels depicting bone from blood vessels, though, in

other applications it may differentiate pixels depicting other structures from one another. In

that light, it will be appreciated that some of the algorithms discussed below are specific to

bone/vessel segmentation and that different algorithms and/or thresholds may be employed in

different applications. Moreover, even in the context of bone/vessel segmentation, the algo¬

rithms may vary within different regions of the body as will be described in the following.

In each slice, a threshold segmentation is performed using a first threshold. See step

66. A value is chosen so as to result in identical labeling of pixels representing the structures

of interest (in the example, bones and blood vessels), yet, different labeling for structures

that are not of interest (e.g., organs). In the example, this is a threshold of 130HU — though

it will be appreciated that different threshold values (e.g., those of about 130 HU or other

wise) can be used depending on the acquisition protocol and user input. As noted, this seg¬

mentation will label both, bone and vessels.

In the next step, connected components in each slice are (re-)labelled based on their

geometries characteristics (e.g., size and/or shape). This labeling is preferably done in the

context of the volumetric region to which the respective slice is assigned. See step 68.

Bones normally have a greater diameter than vessels. Therefore, in the example, after said

threshold segmentation all connected components with an area greater than the diameter of

the largest vessel which can occur in the respective body region is assigned to bone, all others

are assigned to vessel. As noted, this may be further qualified by the context of the body re¬

gion to which the slice is assigned. Thus, In the leg, except for the knee region, one can add



the additional constraint that only the largest connected component (upper leg) or the two

largest connected components (lower leg) are to be considered bone. Caution is required

when cases are to be processed in certain applications were pathologies are present which

could violate those latter criteria, such as patients with bone fractures.

Sometimes the structures that will ultimately be differentiated (in the example, bones

and blood vessels) run very close to one another. In such cases, in some slices the cross sec¬

tion of one structure (e.g., the bone) and of another structure (e.g., the vessel) near it may ac¬

tually appear melted into one connected component in the threshold segmentation generated

in step 66. This is illustrated in Figure 6, which shows part of an axial slice in the lower leg.

The two bones and some vessels can be clearly seen as bright spots. Figure 7 shows a thresh

old segmentation with a certain threshold (268 HU). As can be seen, one vessel which runs

close to the upper bone appears to be connected in this segmentation. Therefore if the whole

connected component was selected as bone, then that piece of the vessel would be segmented

incorrectly.

The method used to prevent that is illustrated in steps 70 - 74 and involves perform

ing segmentation with increasingly larger thresholds, checking after each successive segmen¬

tation to see if another otherwise seemingly connected component separates into multiple

components and, if so, relabeling the separated components as different structures. Applica¬

tion of this to the example follows:

Assume that a connected component is identified as bone in one slice. We will refer to

(and label) the set of pixels comprising this component as B. Now the threshold is increased

from the first or original threshold — in this case, 130HU — in steps of IHU up to 400HU.

See step 70. Of course, it will be appreciated that other step sizes may be used. When in¬

creasing the threshold, the segmented bone structure shrinks. Often, in the case of a melted

vessel/bone structure, the vessel will separate in the course of this process. This can be seen

in Figures 7 and 8. While in Figure 7 the vessel and the upper bone are still connected, in

Figure 8 with a higher threshold, they are separated.



After each increase of the threshold it is checked whether a connected component

previously identified as bone gets separated into multiple components, a large one and one

and a small one. See step 72. Once that happens, the smaller component is labelled as ves¬

sel. See step 74. We label the set of pixels comprising said smaller component as V and the

set of pixels comprising said larger component as B*.

In the original segmentation with the first threshold (here, 130HU), all pixels belong

ing to B are now reassigned according to the following criterion: Any pixel which is part of

B* remains bone. Any pixel which is part of V is assigned to vessel, i.e. removed from B.

Any pixel which is neither part of B* nor V is re-assigned to vessel if it is closer to V than to

B*. The distance of a pixel p to a set of pixels S is defined to be the shortest distance between

p and any of the pixels belonging to S.

Performing Segmentation in 3D

In addition to (or in lieu of) performing segmentation on the 2D image slices 14 as

described above, methods and apparatus according to the invention performs segmentation on

3D data sets formed from those slices utilizing flood-filling (or region growing). This per¬

mits labeling voxels representing structures of interest (e.g., those representing bone and

blood vessels) and, as a consequence, provides further basis for differentially labeling the

corresponding voxels (and pixels).

By way of overview, this 3D segmentation involves placing seed points in voxels

which are known to represent structures of interest and flood-filling from those seed points to

mark connected components belonging to the same respective structures. The voxel intensity

range for the flood-fill is gradually increased until the connected components — in this case,

regions or volumes — formed thereby stair-step or overrun seed points for other structures.

An advantage of 3D segmentation (used alone or in connection with 2D segmenta¬

tion) is that it can take advantage of structures that are more readily identifiable in 3D (i.e.,

across multiple slices) than in individual 2D slices. For example, in the abdominal and lung

region, blood vessels like the aorta may have diameters larger than some of the thinner bone



structures. While the procedures discussed in the preceding section might therefore result in

the aorta being marked as vasculature, and vice versa, use of 3D segmentation in accord

herewith circumvents the problem.

Therefore in the illustrated embodiment the above described 2D method is extended

as follows using a three dimensional approach: Seed points are placed in voxels which are

known to be either bone or vessel. Then from these seed points a flood fill is started to mark

connected voxels belonging to the same structure. Measures are taken to avoid the flood fill

from "spilling over" from vessel into bone structures or vice versa.

In the example this is implemented as follows: Anatomic structures in the pelvic and

abdomen region are searched which can be easily found with model based detection methods.

See, step 76. For example the aorta is a tubular structure with a known diameter range, al¬

ways rather centered and always located in front of the spine structure. Also the pelvis bone

can be located by searching in the pelvic region for the largest 3D-connected component.

Once those components are identified, seed points can be placed into these objects.

See, step 78.

Then from these seed-points a flood-fill algorithm is started. See, step 80. The flood-

fill first uses a very conservative intensity range meaning that only voxels with an intensity

very similar to the seed points are marked. See step 82. Then, the range is grown to fill/mark

more voxels belonging to the same anatomic structure. See, step 84. If the range was made

too wide, the flood-fill could erroneously spread out into a spatially close structure. This is

the reverse process of the above described melting/separation problem for vessels running

near bones. For example with a seed point placed in the aorta, the flood fill could spill over

into the spine if the range was chosen such that those two structures would meld. This must

be avoided. To do so, step 86 is executed and a number of criteria are evaluated while grow

ing the intensity range.



(i) If the volume filled by the flood fill stair steps, when continuously increasing the

range, then it must be assumed that the flood-fill has spilled over and the range is reduced

again. See, steps 88 and 90.

(ii) If the flood fill reaches a voxel which is marked as a seed point for a different

structure then also it must be assumed that the range is too wide and the range is reduced

again. See, steps 90 and 92. For example if a flood fill is started at a seedpoint in the aorta

and it reaches a point marked bone in the pelvis, then the range was obviously chosen such

that the vessel tree and the bones are connected relative to this range. Therefore this range

must be rejected and narrowed.

Any voxels which are marked by the above method can be marked bone or vessel re

spectively, depending on which seed point they were connected to (or grown from). The pix¬

els correspond to such voxels do not need to be re-labeled when this method is combined

with the slice based segmentation described above.

Following segmentation of a data set of images 14 utilizing two-dimensional and/or

three-dimensional segmentation in the manner discussed above, the data set (and/or individ¬

ual images 14 contained therein) can be displayed on output device 28. Different rendering

settings can be set for the structures labelled by such segmentation, e.g., to facilitate visuali¬

zation. For example, as shown on the right side of Figure 2 and discussed above, voxels la¬

belled as bone can be rendered invisibly, while voxels labelled as blood vessels can be ren¬

dered in MIP mode. Of course, other display settings can be used instead, e.g., with blood

vessels rendered in one color and bone in another color, and so forth. Moreover, as noted

above, the data set may be subjected to still further processing on device 26, before, after, or

in lieu of display. Alternatively, or in addition, it may transmitted elsewhere (e.g., to other

equipment and/or locations) for storage, processing, and/or display.

The embodiments described herein meet the objects set forth above, among others.

Thus, those skilled in the art will appreciate that the illustrated embodiment merely comprises

an example of the invention and that other embodiments making changes thereto fall within

the scope of the invention, of which we claim:



Claims

1. A method for processing one or more two-dimensional (2D) image slices of a three-

dimensional (3D) volume comprising, for each of the one or more images:

A. identifying a region of the 3D volume to which the 2D image belongs;

B. performing segmentation on the 2D image to identify connected components and la

beling their pixels based on geometric characteristics of those components;

C. where such labeling is based on a volumetric region to which the 2D image belongs.

2. The method of claim 1, wherein step (A) comprises computing a histogram of the 2D

image and comparing it with one or more other histograms.

3. The method of claim 2, wherein step (A) comprises assigning, as the region of the 3D

volume to which the 2D image belongs, a region associated with a said histogram to

which the histogram of the 2D image best compares.

4. The method of claim 4, wherein step (A) comprises responding to inconsistency in

assignment of a plurality of 2D images to regions by re-assigning one or more 2D im¬

ages to another region.

5. The method of claim 2, wherein step (A) includes determining additional information

about the 2D image by any of

(i) performing a threshold segmentation on the 2D image and determining there¬

from any of (A) a number of connected components in the resulting image

and/or (B) a total area occupied by selected structures and/or types of struc¬

tures,



(ii) computing a histogram of any of said selected structures and/or types of struc¬

tures.

6. The method of claim 5, wherein step (A) comprises using the additional information

to determine a volumetric region to which the 2D image belongs.

7. The method of claim 1, wherein the 2D images are generated via computed tomogra¬

phy-

8. The method of claim 1, wherein the region is a body region.

9. The method of claim 8, wherein step (A) comprises

(i) computing a histogram of the 2D image and comparing it with one or more other his¬

tograms,

(ii) determining additional information about the 2D image by any of

performing a threshold segmentation on the 2D image and determining therefrom any

of (a) a number of connected components in the resulting image and/or (b) a total

area occupied by selected structures and/or types of structures, where the threshold

segmentation is performed at a threshold of about -1000HU, and wherein the selected

structures and/or types of structures are body tissues, and

computing a histogram of any of said selected structures and/or types of structures,

(iii) using the additional information to determine a volumetric region to which the 2D

image belongs.



10. A method for processing one or more two-dimensional (2D) image slices of a three-

dimensional (3D) volume comprising, for each of the one or more images:

A. identifying regions of the 3D volume to which the 2D image belongs;

B. performing segmentation on the 2D image to identify connected components and la

beling their pixels based on geometric characteristics of those components in respect

to a volumetric region to which the 2D image belongs; and

C. wherein step (B) comprises performing a threshold segmentation on the 2D image to

label identically pixels representing the structures of interest.

11. The method of claim 10, wherein step (B) comprises identifying connected compo¬

nents in the 2D image following threshold segmentation and relabeling pixels as dif

fering types of structures of interest based on geometric properties of those connected

components.

12. The method of claim 10, wherein the geometric property is shape and/or size.

13. The method of claim 10, wherein step (B) comprises performing segmentation of the

2D image with one or more increasingly larger thresholds to identify connected com

ponents that separate into multiple components as a consequence of such threshold

increase.

14. The method of claim 13, wherein step (B) comprises relabeling as differing types of

structures of interest pixels making up connected components that separate into mul¬

tiple components as a consequence of such threshold increase.

15. The method of claim 10, wherein the 2D images are generated via computed tomo¬

graphy.

16. The method of claim 10, wherein the regions are body regions.



17. The method of claim 10, wherein

(i) the structures of interest are one or more of blood vessels and bone, and

(ii) the threshold segmentation is performed at a threshold of about 130HU.

18. The method of claim 17, wherein step (B) comprises performing segmentation of the

2D image with one or more increasingly larger thresholds to identify connected com¬

ponents that separate into multiple components as a consequence of such threshold

increase, wherein the increasingly large thresholds increase by a step of about IHU.

19. A method for processing a plurality of two-dimensional (2D) image slices of a three-

dimensional (3D) volume comprising, for each of the one or more images:

A. identifying regions of the 3D volume to which each 2D image belongs;

B. performing segmentation on the 2D image to identify connected components and la¬

beling their pixels based on geometric characteristics of those components;

C. performing segmentation on a 3D data set formed from the plurality of the 2D images

to label voxels representing structures of interest.

20. The method of claim 19, wherein step (C) comprises flood-filling from one or more

seed points placed at voxels in one or more structures of interest.

21. The method of claim 20, wherein step (C) comprises increasing a voxel intensity

range for flood-filling until a connected component formed thereby overextends.

22. The method of claim 20, wherein step (C) comprises increasing a voxel intensity

range for flood-filling until a connected component formed thereby any of stair-steps

and overruns a seed point placed in a voxel representing another structure of interest.



23. The method of claim 19, wherein step (C) comprises using model-based detection to

find structures of interest in the 3D data set.

24. The method of claim 19, wherein pixels corresponding to voxels labeled in step (C)

are not relabeled in step (B).

25. The method of claim 19, wherein the 2D images are generated via computed tom o

graphy, wherein the regions are body regions and wherein the structures of interest are

one or more of blood vessels and bone.

26. A method for processing a plurality of two-dimensional (2D) image slices of a three-

dimensional (3D) volume comprising, for each of the one or more images:

A. identifying regions of the 3D volume to which the 2D image belongs;

B. performing threshold segmentation on the 2D image to identify connected compo

nents and labeling their pixels based on geometric characteristics of those components

and in respect to a volumetric region to which the 2D image belongs; and

C. performing segmentation on a 3D data set formed from the plurality of the 2D images

to label voxels representing the structures of interest.

27. The method of claim 26, wherein step (A) comprises computing a histogram of the

2D image and comparing it with one or more other histograms.

28. The method of claim 27, wherein step (A) comprises assigning, as the region of the

3D volume to which the 2D image belongs, a region associated with a said histogram

to which the histogram of the 2D image best compares.

29. The method of claim 28, wherein step (A) comprises responding to inconsistency in

assignment of a plurality of 2D images to regions by re-assigning one or more 2D im

ages to another region.



30. The method of claim 27, wherein step (A) includes determining additional informa

tion about the 2D image by any of

(i) performing a threshold segmentation on the 2D image and determining there

from any of

(a) a number of connected components in the resulting image and/or

(b) a total area occupied by selected structures and/or types of structures,

(ii) computing a histogram of any of said selected structures and/or types of struc

tures.

3 1. The method of claim 30, wherein step (A) comprises using the additional information

to determine a volumetric region to which the 2D image belongs.

32. The method of claim 26, wherein the 2D images are generated via computed tomo¬

graphy.

33. The method of claim 26, wherein the regions are body regions.

34. The method of claim 33, wherein step (A) comprises

(i) computing a histogram of the 2D image and comparing it with one or more other his¬

tograms,

(ii) determining additional information about the 2D image by any of

performing a threshold segmentation on the 2D image and determining therefrom any

of (a) a number of connected components in the resulting image and/or (b) a total area

occupied by selected structures and/or types of structures, where the threshold seg-



mentation is performed at a threshold of about -1000HU, and wherein the selected

structures and/or types of structures are body tissues, and

computing a histogram of any of said selected structures and/or types of structures,

(iii) using the additional information to determine a volumetric region to which the 2D

image belongs.

35. The method of claim 26, wherein step (B) comprises identifying connected compo¬

nents in the 2D image following threshold segmentation and relabeling pixels as dif¬

fering types of structures of interest based on geometric properties of those connected

components.

36. The method of claim 26, wherein the geometric property is shape and/or size.

37. The method of claim 26, wherein step (B) comprises performing segmentation of the

2D image with one or more increasingly larger thresholds to identify connected com¬

ponents that separate into multiple components as a consequence of such threshold

increase.

38. The method of claim 37, wherein step (B) comprises relabeling as differing types of

structures of interest pixels making up connected components that separate into mul

tiple components as a consequence of such threshold increase.

39. The method of claim 26, wherein the 2D images are generated via computed tomo¬

graphy.

40. The method of claim 26, wherein the regions are body regions.

4 1. The method of claim 26, wherein

(i) the structures of interest are one or more of blood vessels and bone, and



(ii) the threshold segmentation is performed at a threshold of about 130HU.

42. The method of claim 41, wherein step (B) comprises performing segmentation of the

2D image with one or more increasingly larger thresholds to identify connected com

ponents that separate into multiple components as a consequence of such threshold

increase, wherein the increasingly large thresholds increase by a step of about IHU.

43. The method of claim 26, wherein step (C) comprises flood-filling from one or more

seed points placed at voxels in one or more structures of interest.

44. The method of claim 43, wherein step (C) comprises increasing a voxel intensity

range for flood-filling until a connected component formed thereby overextends.

45. The method of claim 43, wherein step (C) comprises increasing a voxel intensity

range for flood-filling until a connected component formed thereby any of stair-steps

and overruns a seed points placed in a voxel representing another structure of interest.

46. The method of claim 26, wherein step (C) comprises using model-based detection to

find structures of interest in the 3D data set.

47. The method of claim 26, wherein pixels corresponding to voxels labeled in step (C)

are not relabeled in step (B).

48. The method of claim 26, wherein the 2D images are generated via computed tomo¬

graphy, wherein the regions are body regions and wherein the structures of interest are

one or more of blood vessels and bone.
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