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METHOD AND APPARATUS OF 
IDENTIFYING OBJECTS OF INTEREST 

USING IMAGING SCANS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part of US. 
application Ser. No. 12/430,545 ?ledApr. 27, 2009, now US. 
Pat. No. 8,194,964, Which claims priority to US. Provisional 
Application No. 61/047,982 ?led Apr. 25, 2008. The present 
application also claims priority to US. Provisional Applica 
tion No. 61/525,165 ?led Aug. 18, 2011. The contents of all 
such applications are incorporated herein by reference in their 
entirety. 

FIELD OF THE INVENTION 

The present invention relates to imaging systems, and more 
particularly to analyzing images to detect objects of interest. 

BACKGROUND OF THE INVENTION 

Object segmentation has been of interest since the advent 
of 3D imaging technology such as MRI (magnetic resonance 
imaging) and CT (computed tomography). In medical imag 
ing, segmentations of anatomic regions alloW morphologic 
analysis of anatomy for the purpose of disease detection, 
diagnosis, progression monitoring, and treatment planning. 
For example, orbital fractures generally result from a force 
applied directly to the globe (eyeball) With disruption of the 
bony orbital architecture. This effectively distorts the orbital 
volume and dislocates the globe and surrounding structures to 
conform to the neW orbital contour. Delineating the bony orbit 
from a CT scan of a human head provides additional infor 
mation, such as volume and shape, to a surgeon When treating 
orbital fractures. 

FIG. 1 is a CT scan of a human head With an axial slice 
through the orbits. The dotted line shoWs the boundary of an 
orbit. It is implicitly de?ned by the surrounding bone and 
there is no reliable functional boundary at the anterior open 
ing or at the optic nerve canal. Label A represents the orbit 
region to be delineated. Labels B through F represent problem 
areas for segmentation methods B indicates thin nasal bones 
Which are poorly represented by CT. Additionally, sinusitis 
(?uid in the sinuses) obfuscates this region. C indicates the 
anterior opening Which has no bony boundary. Due to sWell 
ing of the soft tissue in this area for most trauma patients, it 
cannot be reliably used as a boundary. D and E indicate the 
orbit interior contains extraocular muscles and fat and often 
contains air, puss pockets, and bone fragments in trauma 
patients. Additionally, there can be large fractures in any of 
the orbital Walls. F indicates the optic nerve canal Which does 
not have a bony boundary. 

Current methods for measuring orbital volume from CT 
scans include manually outlining the orbital contents slice 
by-slice from an axial CT scan. This technique is tedious and 
typically requires over an hour. The interoperator variability 
and time required preclude routine clinical use of this manual 
method. A fast, automatic, repeatable and accurate method 
that obtains the quantitative morphological measurements of 
orbital volume can signi?cantly aid in diagnosis and treat 
ment of orbital injuries. 
3D segmentation methods typically rely on a gradient 

boundary surrounding the region being segmented. HoWever, 
orbits do not have a Well-de?ned gradient boundary and the 
vast majority of the region’s boundary is not de?ned func 
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2 
tionally. This problem de?ning orbits extends to a Wider 
variety of segmentation applications. 
US. Pat. No. 8,194,964, commonly oWned by the present 

assignee, dramatically advanced the state of the art by pro 
viding poWerful technologies for identifying anatomic 
regions of a person delineated from image data. The present 
inventors have recogniZed that aspects of this technology can 
be adapted and extended for other medical and scanning 
image segmentation applications. 

SUMMARY OF THE INVENTION 

In general, embodiments of the invention comprise sys 
tems and methods for delineating objects from imaging scans. 
According to certain aspects, methods of the invention 
include aggregating homologous objects from multiple scans 
into categories, developing pro?les or characteristics for 
these categories, matching neWly identi?ed objects to these 
pre-existing categories for object identi?cation, and red-?ag 
ging, or visualiZation of identi?ed objects. 

In accordance With these and other aspects, a method 
according to the invention includes obtaining image data 
characterizing a region that includes an object of interest; 
locating a kernel at a starting point in the region; and moving 
the kernel Within the region to delineate boundaries of the 
object of interest. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a CT scan of a human head With an axial slice 
through the orbits; 

FIGS. 2(a) to 2(d) illustrate some aspects of a general 
object segmentation process according to embodiments of the 
invention; 

FIGS. 3(a) to 3(d) illustrate additional aspects of a general 
object segmentation process according to embodiments of the 
invention; and 

FIG. 4 is a block diagram of an example system according 
to embodiments of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will noW be described in detail With 
reference to the draWings, Which are provided as illustrative 
examples of the invention so as to enable those skilled in the 
art to practice the invention. Notably, the ?gures and 
examples beloW are not meant to limit the scope of the present 
invention to a single embodiment, but other embodiments are 
possible by Way of interchange of some or all of the described 
or illustrated elements. Moreover, Where certain elements of 
the present invention can be partially or fully implemented 
using knoWn components, only those portions of such knoWn 
components that are necessary for an understanding of the 
present invention Will be described, and detailed descriptions 
of other portions of such knoWn components Will be omitted 
so as not to obscure the invention. Embodiments described as 

being implemented in softWare should not be limited thereto, 
but can include embodiments implemented in hardWare, or 
combinations of softWare and hardWare, and vice-versa, as 
Will be apparent to those skilled in the art, unless otherWise 
speci?ed herein. In the present speci?cation, an embodiment 
shoWing a singular component should not be considered lim 
iting; rather, the invention is intended to encompass other 
embodiments including a plurality of the same component, 
and vice-versa, unless explicitly stated otherWise herein. 
Moreover, applicants do not intend for any term in the speci 
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?cation or claims to be ascribed an uncommon or special 
meaning unless explicitly set forth as such. Further, the 
present invention encompasses present and future knoWn 
equivalents to the knoWn components referred to herein by 
Way of illustration. 

According to certain aspects, the present invention extends 
the core technology ofU.S. Pat. No. 8,194,964 to other medi 
cal imaging applications. 

In general, such extensions include a novel kernel-based 
segmentation method capable of consistently delineating ill 
de?ned object boundaries from 3D image data. Functional 
gradients in image data typically de?ne an object’ s boundary 
and segmentation algorithms are designed to ?nd this distin 
guishing feature. HoWever, a boundary may instead be 
implied by some “distant” region in the image data Without 
any functional gradient to describe the boundary. Using a 
multi-voxel kernel (e.g. sphere), embodiments of the inven 
tion are able to delineate implicit boundaries. One algorithm 
begins by de?ning the kernel shape and siZe, and positioning 
it inside the object being segmented. The algorithm then 
moves the kernel outWard in a ?ood-?ll fashion While the 
neWly traversed voxel intensities continue to satisfy predeter 
mined criteria (e.g., mean value is above some threshold). The 
siZe and shape of the kernel prevents it from escaping through 
holes in ill-de?ned boundaries. Aspects of these and other 
embodiments include: a) A region groWing methodology 
based on a multi-voxel kemel; b) Robust handling of ill 
de?ned object boundaries, holes, touching objects, and CT 
artifacts; c) An easy to use formulation for applying this 
method to several real-World applications. 

The present inventors recogniZe that the orbit contour 
extraction process is fundamentally an image segmentation 
problem for Which there is a tremendous amount of research 
available. HoWever, the employed segmentation method 
should be able to consistently and accurately delineate 
regions Where no boundary information is present (e.g., the 
anterior opening). In addition, the method is preferably be 
robust to noise, poor image representation, and variation in 
anatomy due to trauma. The technical challenge lies in accu 
rately and reliably extracting the orbit contour from patient 
CT scans While requiring a minimum of the surgeon’s time. 
An overvieW of conventional segmentation methods are sum 
mariZed beloW. 

Thresholding: These methods are typically binariZation 
algorithms that separate an object from its background by 
identifying those voxels that are either above or beloW a 
certain intensity threshold. This assumes that the object being 
segmented has both a uniform and different intensity value 
than the rest of the data and a Well-de?ned boundary. Several 
suggestions on selecting an optimal global or local threshold 
ing have been proposed. Thresholding cannot resolve touch 
ing objects or segment objects With implicit boundaries. It is 
also sensitive to noise, heterogeneous intensity regions and 
inconsistencies. 

Isosurfacing: These methods are based on classifying vox 
els With intensities equal to an isovalue and extracting a 
surface de?ning the boundary of the object at that value. Like 
Thresholding methods, these rely on a Well-de?ned continu 
ous isovalue representing the boundary Which might not be 
present in cases Where the boundaries are perceptually 
implied, such as the anterior opening of the orbit, or the optic 
nerve canal. 

Deformable models and Level Set methods: With the intro 
duction of Snakes by Kass et al. in 1988, active contour 
models have gained signi?cant traction in research and indus 
trial applications and have been applied to 2D and 3D seg 
mentations for a Wide variety of image data. Active contour 
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4 
models are surfaces de?ned Within an image or volume 
domain that deform under the in?uence of internal and exter 
nal forces. External forces deform the model to conform to 
maintain the smoothness and topology of the deformable 
model. External forces are typically controlled by the inten 
sity gradient, Which is absent in cases Where the boundaries 
are perceptually implied. These forces are also sensitive to 
noise and spurious edges and can get “stuck” in undesirable 
local minima. Recently, an active volume model for 3D seg 
mentation has been proposed and applied the method to a 
variety of medical imaging applications. HoWever, this 
method requires the atlas model to have a similar structure 
shape, siZe and topology as the object being segmented. The 
atlas must be carefully oriented and placed inside the region, 
either completely or largely overlapping With the object. This 
method also explicitly maintains the topology of the atlas 
during deformation to prevent degenerate surface triangula 
tions, Which is computationally expensive. 

Level set methods use curves and surfaces of higher-di 
mensional functions. A level set is an isosurface of the func 
tion. Unlike deformable models, a level set surface does not 
need explicit parameteriZations to force topology constraints, 
making them more malleable than deformable models. HoW 
ever, the image gradient guides the evolution of a surface, 
Which makes it sensitive to noise and irregularities. 

Region GroWing: Like Thresholding, these methods are 
based on the assumption that the voxel intensities of the 
object of interest are distinguishable from its surroundings. 
Starting from a seed location, the algorithm groWs the region 
based on the intensities of each neW voxel. Variants of this 
method modify the region groWing criterion, the number and 
initialization of seed points. The main challenge in such 
methods is establishing robust criteria to stop the groWing 
process. 

Other: Graph cuts, neural netWorks, Watershed transform, 
statistical methods such as Bayesian classi?ers, maximum 
likelihood, Morse-Smale complex analysis, K nearest neigh 
bor classi?cation, comprise some of the many other segmen 
tation methods commonly used for segmentation. These typi 
cally require some local functional description of the object 
boundary Which limit them from successfully segmenting 
ill-de?ned objects, such as orbits. 

In general, embodiments of the invention comprise image 
segmentation methods to address the issue of consistently 
?nding implicit boundaries While being robust to noise. 
Embodiments of the invention are analogous to the tumbler 
?nishing process in manufacturing for polishing parts. In 
manufacturing, a part is placed into a vat of abrasive media 
Which can be speci?cally chosen for the desired ?nishing 
process Whether it be polishing, de-burring, rust removal, etc. 
The shape and siZe of the abrasive object (our kernel) deter 
mines hoW Well it Works itself into the nooks and crannies of 
the manufactured part When the vat is vibrated for several 
hours. 

For manufacturing, the abrasive kernels Work from the 
outside inWard to de?ne the outside surface of the object. For 
image segmentation, embodiments of the invention use a 
single kernel object that is virtually moved in three dimen 
sions in a ?ood-?ll manner. The kernel is initially placed 
inside the object and is iteratively guided outWard until it 
meets the object boundary. Embodiments of the invention can 
also simulate the outside-inWard process as Well With proper 
setup. 
Embodiments of the invention comprise a region groWing 

method, but With increased stability since at each iteration it 
considers the intensities of several voxels to guide the groW 
ing process. This increases the kemel’s visibility beyond a 
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single voxel, providing robust footing to decide When to 
expand and When to stop the groWing process. With this 
robust macroscopic vieW, embodiments of the invention are 
able to separate touching objects by manipulating the shape 
and siZe of the kernel. The kernel can be placed anyWhere 
inside the object; its initial position generally does not affect 
the resulting segmentation. 
A general method ?oW according to embodiments is noW 

described. 
1. De?ning a 3D kernel: in most cases, a sphere Will su?ice. 

The kernel is preferably smaller than the object to be seg 
mented and bigger than any expected holes in the boundary. 

2. Determine movement criteria: Each time the kernel 
moves, the minimum, maximum, mean, and standard devia 
tion {min, max, mean, std} of the “to be” traversed voxels are 
pre-computed. Based on these parameters, one must deter 
mine criteria required to decide Whether or not to accept or 
reject the neW voxels. This can be as simple as comparing the 
mean value to a constant threshold or more complicated as 

needed. 
3. Choose a start location: This can eitherbe done manually 

or by some automatic process. Once this is established, the 
neighboring voxel coordinates and direction of movement 
from the current position {i,j ,k,dir} are placed in a queue that 
drives the ?ood-?ll process. 

4. Perform a ?ood-?ll process as folloWs: 
a. Remove a position from the queue and compute the 

minimum, maximum, mean, and standard deviation of the 
voxel intensities that Would be included if the kernel Were to 
move to that position. 

b. Compare the minimum, maximum, mean, and standard 
deviation to the criteria established in Step 2 and decide 
Whether these neW voxels are acceptable or not. 

c. If not acceptable, do nothing more. If acceptable, move 
the kernel to this neW position and add all of its neighbors to 
the ?ood-?ll queue. 

d. Repeat Step 4. 
5. Completion: The process stops When the ?ood-?ll queue 

is empty. The object is then represented by all the voxels 
traversed by the kernel object. A surface can be extracted by 
simply isosurfacing the boundary of the marked voxels. 

FIG. 2 illustrates an overvieW of the inventive process in 
2D. At each step, the method considers the minimum, maxi 
mum, mean and standard deviation of the intensity values 
contained Within the set of neWly traversed voxels. The kernel 
keeps moving to the right until the intensities of the neWly 
traversed voxels fail to satisfy the pre-determined criteria. 
More particularly, FIG. 2(a) shoWs the initial condition 

having a “+” shaped kernel, as indicated by the gray pixels. 
FIG. 2(b) shoWs that to move the kernel one position to the 
right, pixels 1, 2, and 3 must satisfy some predetermined 
criteria; such as their average value must be beloW some 
threshold. Assuming that this criteria is met, FIG. 2(c) indi 
cates the completed move and tries another by evaluating the 
intensity values of pixels 4, 5, and 6. Assuming that the 
average of these intensity values continues to satisfy the guid 
ing criteria, FIG. 2(d) indicates the completed move and noW 
evaluates the average intensity of pixels 7, 8, and 9. In this 
case the method ?nds that the average value is noW above the 
threshold, preventing further movement to the right. (The 
algorithm Would then continue in the remaining directions.) 

Considering several voxel intensities for each move has a 
notable effect of tolerating image noise. Although the inten 
sity of the noise pixel is either higher or loWer than those of its 
neighbors, the average is still beloW the threshold of the 
guiding criteria. As a result, the iterative movement of the 
kernel continues until the criteria are no longer satis?ed. 
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6 
FIG. 3 illustrates an example process demonstrating noise 

tolerance. In each image, red pixels indicate noise and the 
White pixels indicate the desired object. In this case, the red 
pixel is considered noise since its intensity value is too high 
(or loW) as compared to the average pixel intensity of its 
neighbors. FIG. 3(a) shoWs the initial condition having a “+” 
shaped kernel, as indicated by the gray pixels. As the kernel 
moves to the right as shoWn in FIG. 3(b), the method assesses 
the intensity pro?le {min, max, mean, std} of the neWly 
traversed pixels 1, 2, and 3. Assuming the average of these 
intensities is beloW the stopping threshold, the kernel contin 
ues moving to the right. Although the method encounters a 
boundary pixel in FIG. 3(c), the average of pixel intensities at 
pixels 4, 5, and 6 is still beloW the threshold and the kernel 
continues to the right as shoWn in FIG. 3(d). In Which case, 
intensities for pixels 7, 8, and 9 belong to the object. The 
iterative movement continues until the movement criteria are 
no longer satis?ed. 

In applications With objects that touch each other, the ker 
nel maintains its shape throughout the process, Which pre 
vents it from escaping though holes and tunnels smaller than 
the kernel siZe. This key feature helps delineate objects When 
an explicit gradient boundary does not exist. Furthermore, 
embodiments can use larger or smaller kernel siZes depending 
on expected challenges and can even use non-spherical ker 
nels such as a Wedge, cube, cylinder, or torus to delineate 
objects having unique boundary features or topologies. 
At each iteration, the guiding criteria are based on the 

statistical analysis of the intensities of several voxels, Which 
makes the method robust to noise and inconsistencies. 

For segmentation of an object With an ill-de?ned and noisy 
boundary, a larger kernel size prevents the kernel from escap 
ing though the spaces betWeen the fragments. This feature 
separates the invention from other region groWing segmenta 
tion methods and enables the invention to successfully seg 
ment orbits With implicit boundaries. 

In a particular application of delineating orbits from CT 
scans, an algorithm according to the invention is adapted for 
use With certain methods described in Us. Pat. No. 8,194, 
964, Which is speci?cally designed to assist a craniofacial 
surgeon in assessment of traumatic orbital repairs. A brief 
summary of the adaptation of the invention to this situation is 
provided here. 
The method begins by segmenting the orbit in tWo main 

steps. In the ?rst step, the inventionuses a 10 cm diameter disc 
that is 1.5 cm thick as the kernel and simulates “pressing” this 
kernel into the orbit from in front of the skull. This step 
delineates the anterior opening by marking voxels traversed 
by this disc. In a second step, the invention creates a 14 mm 
diameter spherical kernel positioned inside the orbit. Moving 
this kernel outWard While avoiding voxels marked by the 
kernel in the ?rst step delineates the remaining portion of the 
orbit and completes the segmentation process. The speci?c 
siZe of these tWo kernels Was chosen based on empirical data 
obtained by applying different kernel siZes to a Wide variety 
of patients having different age, sex, and race. 
The invention’s robustness alloWs it to be extended to a 

variety of other types of anatomic segmentations, including 
segmentation of lateral ventricles from a MRI brain scan, 
lung segmentation results from a CT scan, segmenting the left 
kidney from an abdominal MRI scan, etc. 

It should be noted that embodiments of the invention can be 
controlled by changing the kernel shape and siZe, and guiding 
parameters for neWly traversed intensity values. Changing 
these parameters affects the tradeoffbetWeen noise tolerance, 
implicit boundary detection, and accuracy. Overall, the algo 
rithm is easily stabiliZed, Which is often a challenge With 
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methods such as active contour models. Unlike deformable 
models, the invention is not limited to a single topology, 
making application versatile. For complex objects one can 
typically devise a multi-step strategy for delineating portions 
of the object in a “divide and conquer” manner. The invention 
is able to achieve reliable segmentation of orbits for real 
World patient data by employing this strategy. 

Embodiments of the invention use a “seed point” that is 
inside the object of interest to start the segmentation process. 
Determination of this seed point is application dependent and 
can be speci?ed manually, computed automatically, or can be 
determined from landmark points on anatomic features, for 
example. The guiding criteria of the segmentation process 
can usually be determined experimentally on a representative 
set of images. HoWever, this requires some amount of cali 
bration among the input data, in the absence of Which, a 
dynamic process can be devised. The invention’s region 
groWing algorithm is inherently paralleliZable and is ame 
nable to multi-threading and GPGPU adaptation. Lastly, the 
invention is easily adapted to neW segmentation problems. 
While the examples described herein used scalar data, the 
invention is easily modi?ed to handle multivariate data such 
as color (RGB). 

According to certain additional aspects, the present inven 
tion extends the core technology ofU.S. Pat. No. 8,194,964 to 
provide a method and system of delineating objects from CT 
scans of baggage at airports. Additionally, the present inven 
tion includes a “detection” system to identify objects of inter 
est. 

This extended technology can be readily adapted to scan 
ning, for example, packages processed by FedEx, UPS, 
USPS, etc. The softWare system in this case Would preferably 
be exactly the same With minor modi?cations. Further, the 
technology could also be used to analyZe scans of cargo 
containers and trucks at our ports. The softWare system used 
Would preferably vary only a little from What’s described 
beloW. Finally, the system described beloW, in terms of auto 
mation and object recognition, could be applied on medical 
imaging scans (CT, MRI, PET, micro-CT, etc.) of people, 
animals, etc. This Would alloW the delineation of objects from 
scans of people and could delineate bones, organs, etc. from 
the scans. 

Certain general concepts relating to this adaptation of the 
present invention include the folloWing. 

Automatically choosing starting criteria for the core algo 
rithm: ?nd relatively homogeneous region to start in. Com 
pute mipmap levels and start at the loWest level and Work 
upWards. Start With highest intensity voxels ?rst, then select 
loWer intensity voxels in succession. Determine noise vs. 
edge for starting points. It’s okay to start in a noisy region but 
very bad to start on an edge since this can affect automatic 
determination of guiding criteria for the algorithm. Choose 
siZe of kernel based on some criteria determined from the 
starting point, training data, or other relevant information. 

Automatically determining guiding criteria based on start 
ing criteria to guide the process: this involves tabulating guid 
ing parameters based on starting criteria that Work Well for a 
number of objects. A data ?tting operation is performed to 
create a function that the algorithm can use to compute guid 
ing criteria for the segmentation process. 
Method for determining object pro?le information from 

delineated objects: including min, max, mean, std of intensity 
values; a histogram of intensity values for Whole object; a 
histogram of boundary intensity values; performing principal 
component analysis (PCA) of object voxels to establish a 
frame of reference; computation of histograms relative to the 
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8 
PCA axes or another frame of reference; determining a per 
centage of overlapping voxels With neighboring/touching 
objects; and other properties. 

Aggregating delineated object parts into Whole objects 
(i.e., for a cell phone, combining the battery, leather case, 
plastic case, joystick, belt hook, and internal electronics 
together into a single aggregate object). Merging objects can 
be based on overlapping edges/boundaries. This Will either 
create a hierarchy of objects, such as a bottle containing Water 
or Will merge, for example, if the Water is delineated as tWo 
separate parts, the parts can bej oined together to represent the 
Water as a Whole. 

Creating a material/taxonomy database that correlates 
delineated object information into categories of like objects. 

Matching neWly delineated objects to the material/tax 
onomy database to identify objects. Identifying objects based 
on composition of intensity values determined above. Or by 
analyZing the histograms of obj ect voxel (intensities and posi 
tion) and relating them to the database. This could include 
identi?cation of objects based on hierarchical composition of 
“homogeneous” parts. 
Red ?agging certain types of objects (based on their pro 

?les and match to the taxonomy database) for the purpose of 
Warranting a closer inspection by opening the bag, ?nding the 
object of interest, and clearing the object/bag for travel. 

Visualization tools to evaluate object pro?les. Tools to 
vieW, add to, and edit the taxonomy database; and tools to 
devise matching and red ?ag criteria for detection purposes. 
Remote operation of such softWare system to reduce onsite 

staff and to centraliZe expertise. 
Method for performing Whole bag analysis, i.e., Where 

there a high amount (volume and/ or mass) of metal or some 
other material regardless of individual objects. This can be 
performed by histogram analysis and other methods that 
examine intensity distribution Within the scan. 
Method for determining What’s on a plane, vehicle, cargo 

container, etc.: if it is possible to look at all the bags that have 
been checked to board a plane, the aggregate of those bags can 
be analyZed to determine if they contain enough component 
parts to pose a problem. 
One example of hoW the general process described above is 

adapted for analyZing CT scans of baggage is provided beloW. 
De?ne a 3D kernel: In embodiments, the kernel is a 1 mm 

radius sphere. In other embodiments, it could be based on a 
“thickness” of an object of interest being segmented. 
Choose a start location: Add each point in the volume in a 

Q ordered based on intensity. Don’t start on edges. Start in 
homogenous regions. 
De?ne movement criteria: Set threshold based on the Mean 

Intensity (MI) of the voxels at the starting location of Tum 
bler. Kernel moves if: Current Voxel Intensity e[0.5*MI, 
l.5*MI]. Needs to be adaptive across intensity range and per 
object. 
As shoWn in FIG. 4, certain embodiments of the invention 

employ a processing system that includes at least one com 
puting system 1000 deployed to perform certain of the steps 
described above. Computing systems may be a commercially 
available system that executes commercially available oper 
ating systems such as Microsoft WindoWs®, UNIX or a vari 
ant thereof, Linux, a real time operating system and or a 
proprietary operating system. The architecture of the com 
puting system may be adapted, con?gured and/or designed 
for integration in the processing system, for embedding in one 
or more of an image capture system, a manufacturing/ma 
chining system, a graphics processing Workstation and/or a 
surgical system or other medical management system. In one 
example, computing system 1000 comprises a bus 1002 and/ 
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or other mechanisms for communicating between processors, 
Whether those processors are integral to the computing sys 
tem 100 (eg 1004, 1005) or located in different, perhaps 
physically separated computing systems 1000. 

Computing system 1000 also typically comprises memory 
1006 that may include one or more of random access memory 

(“RAM”), static memory, cache, ?ash memory and any other 
suitable type of storage device that can be coupled to bus 
1002. Memory 1006 can be used for storing instructions and 
data that can cause one or more of processors 1004 and 1005 

to perform a desired process. Main memory 1006 may be 
used for storing transient and/ or temporary data such as vari 
ables and intermediate information generated and/or used 
during execution of the instructions by processor 1004 or 
1005. Computing system 1000 also typically comprises non 
volatile storage such as read only memory (“ROM”) 1008, 
?ash memory, memory cards or the like; non-volatile storage 
may be connected to the bus 1002, but may equally be con 
nected using a high-speed universal serial bus (USB), 
FireWire or other such bus that is coupled to bus 1002. Non 
volatile storage can be used for storing con?guration, and 
other information, including instructions executed by proces 
sors 1004 and/ or 1005. Non-volatile storage may also include 
mass storage device 1010, such as a magnetic disk, optical 
disk, ?ash disk that may be directly or indirectly coupled to 
bus 1002 and used for storing instructions to be executed by 
processors 1004 and/or 1005, as Well as other information. 

Computing system 1000 may provide an output for a dis 
play system 1012, such as an LCD ?at panel display, includ 
ing touch panel displays, electroluminescent display, plasma 
display, cathode ray tube or other display device that can be 
con?gured and adapted to receive and display information to 
a user of computing system 1000. In that regard, display 1012 
may be provided as a remote terminal or in a session on a 
different computing system 1000. For example, a surgical 
system used in a sterile operating theater may receive images 
from a graphics processor that processes image data under 
control of a surgeon, other medical practitioner or other user. 
An input device 1014 is generally provided locally or through 
a remote system and typically provides for alphanumeric 
input as Well as cursor control 1016 input, such as a mouse, a 
trackball, etc. It Will be appreciated that input and output can 
be provided to a Wireless device such as a PDA, a tablet 
computer or other system suitable equipped to display the 
images and provide user input. 

According to one embodiment of the invention, portions of 
the methodologies described above, for example, segmenting 
objects of interest in an image scan, may be performed by 
computing system 1000. Processor 1004 executes one or 
more sequences of instructions. For example, such instruc 
tions may be stored in main memory 1006, having been 
received from a computer-readable medium such as storage 
device 1010. Execution of the sequences of instructions con 
tained in main memory 1006 causes processor 1004 to per 
form process steps according to certain aspects of the inven 
tion. In certain embodiments, functionality may be provided 
by embedded computing systems that perform speci?c func 
tions Wherein the embedded systems employ a customiZed 
combination of hardWare and softWare to perform a set of 
prede?ned tasks. Thus, embodiments of the invention are not 
limited to any speci?c combination of hardWare circuitry and 
softWare. 
The term “computer-readable medium” is used to de?ne 

any medium that can store and provide instructions and other 
data to processor 1004 and/or 1005, particularly Where the 
instructions are to be executed by processor 1004 and/or 1005 
and/ or other peripheral of the processing system. Such 
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10 
medium can include non-volatile storage and volatile storage. 
Non-volatile storage may be embodied on media such as 
optical or magnetic disks, including DVD, CD-ROM and 
BluRay. Storage may be provided locally and in physical 
proximity to processors 1004 and 1005 or remotely, typically 
by use of netWork connection. Non-volatile storage may be 
removable from computing system 1004, as in the example of 
BluRay, DVD or CD storage or memory cards or sticks that 
can be easily connected or disconnected from a computer 
using a standard interface, including USB, etc. Thus, com 
puter-readable media can include ?oppy disks, ?exible disks, 
hard disks, magnetic tape, any other magnetic medium, CD 
ROMs, DVDs, BluRay, any other optical medium, RAM, 
PROM, EPROM, FLASH/EEPROM, any other memory chip 
or cartridge, or any other medium from Which a computer can 
read. 

Transmission media can be used to connect elements of the 
processing system and/or components of computing system 
1000. Such media can include tWisted pair Wiring, coaxial 
cables, copper Wire and ?ber optics. Transmission media can 
also include Wireless media such as radio, acoustic and light 
Waves. In particular radio frequency (RF), ?ber optic and 
infrared (IR) data communications may be used. 

Various forms of computer readable media may participate 
in providing instructions and data for execution by processor 
1004 and/or 1005. For example, the instructions may initially 
be retrieved from a magnetic disk of a remote computer and 
transmitted over a netWork or modem to computing system 
1000. The instructions may optionally be stored in a different 
storage or a different part of storage prior to or during execu 
tion. 

Computing system 1000 may include a communication 
interface 1018 that provides tWo-Way data communication 
over a netWork 1020 that can include a local netWork 1022, a 
Wide area netWork or some combination of the tWo. For 

example, an integrated services digital netWork (ISDN) may 
be used in combination With a local area netWork (LAN). In 
another example, a LAN may include a Wireless link. Net 
Work link 1020 typically provides data communication 
through one or more netWorks to other data devices. For 
example, netWork link 1020 may provide a connection 
through local netWork 1022 to a host computer 1024 or to a 
Wide area netWork such as the Internet 1028. Local netWork 
1022 and Internet 1028 may both use electrical, electromag 
netic or optical signals that carry digital data streams. 

Computing system 1000 can use one or more netWorks to 

send messages and data, including program code and other 
information. In the Internet example, a server 1030 might 
transmit a requested code for an application program through 
Internet 1028 and may receive in response a doWnloaded 
application that provides for the anatomical delineation 
described in the examples above. The received code may be 
executed by processor 1004 and/or 1005. 

Although the present invention has been particularly 
described With reference to the preferred embodiments 
thereof, it should be readily apparent to those of ordinary skill 
in the art that changes and modi?cations in the form and 
details may be made Without departing from the spirit and 
scope of the invention. It is intended that the appended claims 
encompass such changes and modi?cations. 
What is claimed is: 
1. A method, comprising: 
obtaining image data characterizing a region that includes 

an object of interest; 
locating a kernel at a starting point in the region, Wherein 

the kernel comprises a plurality of adjacent pixels or 
voxels in the image data; and 
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moving the kernel Within the region to delineate bound 
aries of the object of interest. 

2. A method according to claim 1, Wherein the image data 
is from a MRI scan. 

3. A method according to claim 1, Wherein the image data 
is from a CT scan. 

4. A method according to claim 1, Wherein the object of 
interest is a portion of human anatomy. 

5. A method according to claim 1, Wherein the object of 
interest is an object Within luggage. 

6. A method comprising: 
choosing start points Within image data; 
locating a kernel at the start points, Wherein the kernel 

comprises a plurality of adjacent pixels or voxels in the 
image data; 

moving the kernel around in a ?ood ?ll fashion to delineate 
object boundaries; and 

extracting an object from the image data after its bound 
aries have been delineated. 

12 
7. A method according to claim 6, further comprising 

repeating the choosing, locating and moving steps for a plu 
rality of objects in the same image data. 

8. A method according to claim 7, further comprising gath 
ering statistical info from objects. 

9. A method according to claim 7, further comprising deter 
mining object hierarchies by performing neighbor analysis 
that determines What objects are touching one another. 

10. A method according to claim 6, further comprising 
tracking an object over time using multiple sets of image data. 

11. A method according to claim 6, Wherein the image data 
is tWo-dimensional. 

12. A method according to claim 6, Wherein the image data 
is three-dimensional. 

13. A method according to claim 6, Wherein the image data 
is one of tWo-dimensional Xrays, photographs, PET scans, 
PET/CT scans, and neutron imaging. 

14. A method according to claim 6, further comprising 
choosing a siZe and shape of the kernel to use. 

* * * * * 


