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SYSTEM AND METHOD FOR PROVIDING
2-DIMENSIONAL COMPUTERIZED-
TOMOGRAPHY IMAGE CORRESPONDING
TO 2-DIMENSIONAL ULTRASOUND IMAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2009-0071351, filed on Aug. 3,
2009, the entire subject matter of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to ultra-
sound imaging, and more particularly to a system and method
for providing a 2-dimensional (D) computerized-tomography
(CT) image corresponding to a2-D ultrasound image through
image registration between 3-D ultrasound and CT images of
a target object.

BACKGROUND

[0003] An ultrasound diagnostic system has been exten-
sively used in the medical field due to its non-invasive and
non-destructive nature. The ultrasound diagnostic system can
provide an ultrasound image of the inside of a target object in
real-time without resorting to any incisions. However, the
ultrasound diagnostic system suffers from inherent shortcom-
ings of an ultrasound image such as a low signal-to-noise ratio
and a limited field of view. Thus, an image registration
between a CT image and an ultrasound image has been intro-
duced to compensate for inherent deficiencies of the ultra-
sound image.

[0004] Generally, an image registration between a CT
image and an ultrasound image is performed by means of a
spatial sensor. Errors may occur during the image registration
due to spatial movement variation in the inner part of a target
object such as respiration. If an ultrasound probe is moved
and a 2-Dultrasound image is newly obtained, then the spatial
sensor is typically used to determine whether or not the newly
obtained 2-D ultrasound image exists in a pre-obtained 3-D
ultrasound image, and to extract a 2-D CT image correspond-
ing to the newly obtained 2-D ultrasound image from a 3-D
ultrasound-CT registered image.

SUMMARY

[0005] There are disclosed embodiments for providing a
2-D CT image corresponding to a 2-D ultrasound image
through an image registration between 3-D ultrasound and
CT images of a target object, independent of a spatial sensor.
In an exemplary embodiment, by way of non-limiting
example, an image system comprises: a computerized-to-
mography (CT) imaging unit configured to form a 3-dimen-
sional (D) CT image of a target object; an ultrasound image
forming unit configured to form 3- and 2-D ultrasound
images of the target object; a storing unit configured to store
sets of transform parameters for use in performing a rigid-
body transform upon the 3-D ultrasound image; a processor
configured to perform an image registration between the 3-D
ultrasound and CT images, establish a 3-D coordinate system
with a reference surface being set thereon in the 3-D ultra-
sound image, perform the rigid-body transform upon the 3-D
ultrasound image by sequentially applying the sets of trans-
formation parameters retrieved from the storing unit, calcu-
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late similarities between reference images corresponding to
the reference surface and the 2-D ultrasound image, and
extract a 2-D CT image corresponding to the 2-D ultrasound
image from the 3-D ultrasound-CT registered image based on
the calculated similarities; and a display unit configured to
display the 2-D ultrasound image and the resultant 2-D CT
image, wherein each of the reference images is obtained at
every rigid-body transform when the sets of transformation
parameters are sequentially applied thereto and the 2-D ultra-
sound image is related to a region of interest (ROI) of the
target object.

[0006] In another embodiment, a method of imaging com-
prises: forming 3-D ultrasound and CT images of a target
object; performing an image registration between the 3-D
ultrasound and CT images to form a 3-D ultrasound-CT reg-
istered image; forming a 2-D ultrasound image related to a
region of interest (ROT) of the target object; establishing a 3-D
coordinate system with a reference surface being set thereon
in the 3-D ultrasound image; performing a rigid-body trans-
form upon the 3-Dultrasound image by sequentially applying
sets of transform parameters and calculating similarities
between reference surface images and the 2-D ultrasound
image, wherein each of the reference surface images is
obtained every rigid-body transform when the sets of trans-
form parameters are sequentially applied thereto and each of
the reference surface images corresponds to the reference
surface; extracting a 2-D CT image corresponding to the 2-D
ultrasound image from the 3-D ultrasound-CT registered
image based on the calculated similarities; and displaying the
2-D ultrasound and CT images.

[0007] TheSummary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is it intended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an embodiment illustrating a schematic
diagram of an ultrasound imaging system in accordance with
the present disclosure.

[0009] FIG. 2 is an embodiment illustrating a schematic
diagram of an ultrasound image forming unit in accordance
with the present disclosure.

[0010] FIG. 3 is an embodiment illustrating a schematic
diagram of a processor in accordance with the present disclo-
sure.

[0011] FIG. 4 is a schematic diagram illustrating an
example of eigenvalues in the Hessian matrix.

[0012] FIG. 5isanembodiment illustrating a flowchart ofa
procedure for extracting a 2-D CT image corresponding to a
2-D ultrasound image from a 3-D ultrasound-CT registered
image in accordance with the present disclosure.

[0013] FIG. 61s a schematic diagram illustrating examples
of a 3-D ultrasound image, a 2-D ultrasound image, a 3-D
coordinate system and a reference surface in accordance with
the present disclosure.

[0014] FIG. 7 is a schematic diagram illustrating an
exampleofa3-D rigid-body transformed ultrasound image in
accordance with the present disclosure.
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DETAILED DESCRIPTION

[0015] A detailed description may be provided with refer-
ence to the accompanying drawings. One of ordinary skill in
the art may realize that the following description is illustrative
only and is not in any way limiting. Other embodiments of the
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

[0016] Referring to FIG. 1, there is shown an embodiment
illustrating a schematic diagram of an ultrasound imaging
system 100 in accordance with the present disclosure. In an
exemplary embodiment, the ultrasound imaging system 100
may comprise acomputerized-tomography (CT) image form-
ing unit 110, an ultrasound image forming unit 120, a storing
unit 130, a processor 140 and a display unit 150. The ultra-
sound imaging system I 00 may further comprise a user input
unit (not shown) configured to receive input data from a user.
[0017] The CT image forming unit 110 may be configured
to form a 3-D CT image of a target object (e.g., a liver). It is
noted that the formation of the 3-D CT image may be accom-
plished by using techniques well known in the art. The 3-D
CT image may be comprised of a plurality of 2-D CT images
of the target object. The 3-D CT image of the target object is
then sent to the processor 140.

[0018] Theultrasound image forming unit 120 may be con-
figured to form 3- and 2-D ultrasound images of the target
object. In particular, the ultrasound image forming unit 120
may be operable to transmit ultrasound signals to the target
object and receive reflected ultrasound signals (i.e., ultra-
sound echo signals) therefrom to form the 3-D ultrasound
image ofthe target object. Also, the ultrasound image forming
unit 120 may he operable to transmit ultrasound signals to the
target object and receive reflected ultrasound echo signals
therefrom to form the 2-D ultrasound image with respect to a
region of interest (ROI) of the target object.

[0019] Referring to FIG. 2, there is shown an embodiment
illustrating a schematic diagram of the ultrasound image
forming unit 120 in accordance with the present disclosure. In
an exemplary embodiment, the ultrasound image forming
unit 120 may include a transmit signal forming section 121,
an ultrasound probe 122 having a multiplicity of transducer
elements (not shown), abeam former 123, an ultrasound data
forming section 124 and an image forming section 125.
[0020] The transmit signal forming section 121 may be
configured to form first electrical transmit signals to obtain a
plurality of image frames for use in imaging the 3-D ultra-
soundimage in consideration of positions and focusing points
of the transducer elements in the ultrasound probe 122. Also,
the transmit signal forming section 121 may be configured to
form second electrical transmit signals to obtain an image
frame for use in imaging the 2-D ultrasound image in consid-
eration of the positions and focusing points of the transducer
elements. For example, the image frame may include a bright-
ness (B)-mode image. Herein, the first and second electrical
transmit signals may be selectively formed in response to
input data from a user. The first and second electrical transmit
signals are transmitted to the ultrasound probe 122.

[0021] In response to the first electrical transmit signals
from the transmit signal forming section 121, the ultrasound
probe 122 may be configured to generate and transmit ultra-
sound signals to the target object and then receive ultrasound
echo signals reflected therefrom to form first electrical
receive signals. Also, in response to the second electrical
transmit signals from the transmit signal forming section 121,
the ultrasound probe 122 may be configured to generate and
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transmit ultrasound signals to the target object and then
receive ultrasound echo signals reflected therefrom to form
second electrical receive signals. The first and second elec-
trical receive signals are sent to the beam former 123.
[0022] The beam former 123 may be configured to receive
the first electrical receive signals from the ultrasound probe
122 and convert them from analog to digital to form first
digital signals. Thereafter, the beam former 123 may be oper-
able to receive-focus the first digital signals in consideration
of the positions and focusing points of the transducer ele-
ments to thereby form first receive-focus signals. Also, the
beam former 123 may be configured to receive the second
electrical receive signals from the ultrasound probe 122 and
convert them from analog to digital to form second digital
signals. Then, the beam former 123 may be operable to
receive-focus the second digital signals in consideration of
the positions and focusing points of the transducer elements
to thereby form second receive-focus signals. The first and
second receive-focus signals are sent to the ultrasound data
forming section 124.

[0023] The ultrasound data forming section 1 24 may be
configured to receive the first receive-focus signals from the
beam former 123 and form first ultrasound data based on the
first receive-focus signals received. Also, the ultrasound data
forming section 124 may be configured to receive the second
receive-focus signals from the beam former 123 and form
second ultrasound data based on the second receive-focus
signals received. In an exemplary embodiment, the ultra-
sound data forming section 124 may be configured to perform
various signal processes (e.g., a gain adjustment, filtering and
so on) upon the first and second receive-focus signals in order
to form the first and second ultrasound data. The first and
second ultrasound data are sent to the image forming section
125.

[0024] The image forming section 125 may be configured
to receive the first ultrasound data from the ultrasound data
forming section 124 and form a 3-D ultrasound image of the
target object based on the received first ultrasound data. Also,
the image forming section 125 may be configured to receive
the second ultrasound data from the ultrasound data forming
section 124 and form a 2-D ultrasound image with respect to
the ROI of the target object based on the received second
ultrasound data. The 3-D and 2-D ultrasound images are sent
to the processor 140.

[0025] Referring back to FIG. 1, the storing unit 130 may be
configured to store transform parameters for use in translating
and rotating the 3-D ultrasound image of the target object. In
an exemplary embodiment, the storing unit 130 may be opet-
able to store sets of transform parameters (as shown below in
Table 1, but not limited thereto) for performing a rigid-body
transform upon the 3-D ultrasound image of the target object.
Herein, x, y and z may represent width, height and depth axes,
respectively, at the 3-D ultrasound image. Further, 6,0, ., o,
may denote rotation components centering on the respective
width, height and depth axes.

TABLE 1

Sets of Transform Parameters
(x,y,2,6,,6,,0,)

X Yor Zo> Ox05 0,0, 620
X1, Yos Z0, 850, 050, 0
X2, Yo, Zo» 505 6,0 620
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TABLE 1-continued

Sets of Transform Parameters
*,¥,2,6,,6,,0,)

Xp> Y05 Z05 ean eyOa ezO
Xos Y1» Z0s 0205 005 60
X0, Y25 Zo 0505 0,05 620
Xo» Yus Zo5 exO7 ey07 ez0
Xo» Y0 Z15 0205 0,05 60
X0 Yo» Z2> U0, 0,0, 6.0

X0y Y05 Zps 6)507 eyOv ezO
Xo» Yo» Z0s 0205 0515 620
X0, Yo» Z0, 6505 6,2, 620
X0, Y05 Zo5 6)507 eym ezO
X0 Y05 Z0s 05 050 021
X0, Yo» Z0> 6505 6,0 022

X Yor Zo> 505 050, O

x0? Yy Vzn

Xys Yor Zup O 0,

> Vxn> Yymo Vzn

[0026] The processor 140 may be configured to carry out
image registration between the 3-D CT image from the CT
image forming unit 110 and the 3-D ultrasound image from
the ultrasound image forming unit 120 to thereby form a 3-D
ultrasound-CT registered image. The processor 140 may be
further configured to extract a 2-D CT image corresponding
to the 2-D ultrasound image from the 3-D ultrasound-CT
registered image.

[0027] As depicted in FIG. 3, there is shown an embodi-
ment illustrating a schematic diagram of the processor 140 in
accordance with the present disclosure. In an exemplary
embodiment, the processor 140 may be configured to include
a diaphragm extraction section 141, a vessel extraction sec-
tion 142, a diaphragm refining section 143, an image regis-
tration section 144, a similarity calculation section 145 and a
CT image extraction section 146.

[0028] The diaphragm extraction section 141 may be con-
figured to extract a diaphragm from the 3-D ultrasound image
received from the ultrasound image forming unit 120. Also,
the diaphragm extraction section 141 may be configured to
extract the diaphragm from the 3-D CT image received from
the CT image forming unit 110. In an exemplary embodi-
ment, the diaphragm extraction section 141 may be operable
to perform a Hessian matrix based flatness test upon the
respective 3-dimesional ultrasound and CT images to extract
the diaphragm. The diaphragm may be considered as a curved
surface in the respective 3-D ultrasound and CT images.
Thus, regions, in which a voxel intensity change in a normal
direction at a surface is greater than a voxel intensity change
in ahorizontal direction at the surface, may be extracted as the
diaphragm.

[0029] In particular, the diaphragm extraction section 141
may select voxels having a relatively higher flatness than a
reference flatness in order to extract the diaphragm. The vox-
els may be represented with pixels and the flatness pu(v) may
be defined as the following equation (1).

BV (V)(VI3(V)3,,,, (V) t)
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[0030] ¢,(V), ¢,(v) and ¢5(v) in the equation (1) may be
represented as the following equation (2).

RGN )
w=(1-15)

A0
an=1-55)

wherein A, h,, and A, denote eigenvalues of the Hessian
matrix at voxel v. An example of the eigenvalues A, A,, and
A5 isillustrated in F1G. 4. The flatness p(v) may be normalized
to have values ranging from 0 to 1. A flatness map may he
created based on the flatness obtained from all of the voxels
according to the equations (1) and (2). Thereafter, the voxels
having a relatively high flatness are selected. In an exemplary
embodiment, the diaphragm extraction section 141 may be
operable to select the voxels having the flatness over 0.1.
[0031] The diaphragm extraction section 141 may further
perform morphological opening (i.e., morphological filter-
ing) upon the selected voxels to remove small clutters there-
from. The morphological opening may be carried out by
sequentially performing erosion and dilation. In particular,
morphological boundaries in which the voxel values exist are
removed as many as a predetermined number of the voxels
and then contracted (erosion). Thereafter, the morphological
boundaries are expanded as many as the predetermined num-
ber of the voxels. In an exemplary embodiment, the dia-
phragm extraction section 141 may contract and expand the
morphological boundaries by 1 voxel.

[0032] The diaphragm is the largest surface in the respec-
tive 3-D ultrasound and CT images. The largest surface may
be selected among candidates surfaces obtained by intensity-
based connected component analysis (CCA) for the voxels
and the selected surface may be regarded as the diaphragm.
Voxel-based CCA is one of the methods of grouping regions
in which voxel values exist. For example, it may be possible
to compute the number of voxels connected to each of the
voxels through a connectivity test by referring to values of
voxels neighboring to the corresponding voxel (e.g., 26 vox-
els). The voxels, of which connected voxels are greater than
the predetermined number, are selected as candidate groups.
Since the diaphragm is the widest curved surface in the ROI of
the respective 3-D ultrasound and CT images, the candidate
group having the most connected voxels may he selected as
the diaphragm. Thereafter, the surface of the diaphragm may
be smoothened.

[0033] Inanother exemplary embodiment, while extracting
the diaphragm from the 3-dimensional ultrasound image as
described above, the diaphragm extraction section 141 may
be operable to extract the diaphragm from the 3-D CT image,
in response to input data from the user input unit (not shown),
by using a commercial program or an extraction method, e.g,,
a seeded region growing segmentation method. The input
data may include data for establishing a region of the dia-
phragm on the 3-D CT image and extracting the region there-
from.

[0034] Thevessel extraction section 142 may be configured
to perform vessel extraction upon the 3-D ultrasound and CT
images sequentially through ROI masking, vessel segmenta-
tion and classification. In an exemplary embodiment, to avoid
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mis-extraction of vessels due to mirroring artifacts, the vessel
extraction section 142 may be operable to perform the ROI
masking upon the 3-D ultrasound and CT images by model-
ing the diaphragm to a polynomial curved surface. In such a
case, the ROT masking, which models the diaphragm to the
polynomial curved surface by using the least means square,
may be used.

[0035] However, in case all of the lower portions of the
modeled polynomial curved surface are eliminated, effective
vessel information may be lost at some portion due to an error
of the polynomial curved surface. In order to avoid losing the
effective vessel information, the lower portion of the modeled
polynomial curved surface may be eliminated in a marginal
distance. For example, the marginal distance may be set to
about 10 voxels at the lower portion of the ROI mask.
[0036] Subsequently, the vessel extraction section 142 may
be further operable to segment a vessel region and a non-
vessel region. In order to exclude non-vessel high intensity
regions such as the diaphragm and vessel walls, the vessel
extraction section 142 may estimate a low intensity boundary
having a less reference boundary value in the ROI masked
image. Thereafter, the vessel extraction section 142 may
remove voxels with a higher intensity value than the reference
boundary value. In an exemplary embodiment, an adaptive
threshold scheme may be applied to the remaining regions for
binarization thereof. The binarized segments may be labeled
as vessel candidates.

[0037] Next, the vessel extraction section 142 may be fur-
ther operable to remove non-vessel-type clutters from the
binarization image to classify real vessels from the vessel
candidates. In an exemplary embodiment, the vessel classifi-
cation may include a size test for filtering out tiny background
clutters, a structure-based vessel test, which evaluates the
quality of fit to a cylindrical tube, for removing non-vessel
type clutters (i.e., an initial vessel test), gradient magnitude
analysis, and a final vessel test for perfectly removing the
clutters from the binarization image. Although some clutters
are not perfectly removed through the structure-based vessel
test, an initial threshold may he marginally set so that all
vessels may be included. For example, the initial threshold
may be set to 0.6. At the final vessel test, clutters, which may
be formed by small shading artifacts having low gradient
magnitudes, may be perfectly removed in consideration with
the variation of voxel values, i.e., gradient magnitudes, to
thereby extract vessel data. In an exemplary embodiment, a
threshold of the final vessel test may be set to 0.4.

[0038] Inanother exemplary embodiment, while extracting
the vessel from the 3-dimensional ultrasound image as
described above, the vessel extraction section 142 may be
further operable to perform the vessel extraction upon the 3-D
CT image, in response to input data from the user input unit.
The input data may include data for establishing a region of
the vessel on the 3-D CT image. In particular, the vessel
extraction section 142 may set pixels having pixel values
between a first threshold (T1) and a second threshold (T2) to
have a value of 255 and the remaining pixels to have zero, by
using pixel characteristics that the region of the vessel has a
higher intensity than the remaining regions in the 3-D CT
image. This process may he referred to as an intensity thresh-
olding using two thresholds. As a result of such process, other
regions having pixel values with higher intensities represent-
ing ribs and kidneys may be displayed as well as the vessel,
i.e.,the ROI. In order to eliminate the other regions rather than
the vessel, connectivity of the vessel may be employed. In
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general, the vessel in a liver is comprised of a portal vein and
a hepatic vein. The vessel extraction section 142 may be
operable to establish two specific points corresponding to the
portal vein and the hepatic vein as seed points and perform the
seed region growing method using the seed points as starting
points to thereby extract the vessel.

[0039] The diaphragm refining section 143 may be config-
ured to perform refinement upon the diaphragm extracted in
the 3-D ultrasound image by using the resultant vessel
extracted from the vessel extraction section 142. In particular,
the diaphragm refining section 142 may be operable to refine
the diaphragm extracted from the 3-D ultrasound image by
eliminating clutters by means of the resultant vessel. The
clutters on the diaphragm extracted may be mainly placed
near or on vessel walls. Especially, the vessel wall of an
inferior vena cava (IVC) is likely to be connected to the
diaphragm and cause clutters. These clutters may degrade the
accuracy of feature based image registration so that the dia-
phragm should be refined. To refine the diaphragm, the vessel
region is extracted according to the vessel extraction as
described above, the extracted vessel region may be dilated,
and then the dilated vessel region may be subtracted from the
initially extracted diaphragm region to estimate vessel walls.
The estimated vessel walls may be removed from the dia-
phragm region by performing the CCA and the size test once
again.

[0040] The image registration section 144 may be config-
ured to perform image registration between the 3-D ultra-
sound and CT images. The image registration section 144
may be operable to extract sample points corresponding to the
vessel region and the diaphragm region, respectively, among
the features extracted from the respective 3-D ultrasound and
CT images In an exemplary embodiment, iterative closest
point (ICP) based image registration may be performed with
the sample points extracted from the respective 3-D ultra-
sound and CT images to thereby form a 3-D ultrasound-CT
registered image.

[0041] The similarity calculation section 145 may be con-
figured to calculate the similarity between the 2-D and 3-D
ultrasound images while performing the rigid-body trans-
form upon the 3-D ultrasound image. The operation of the
similarity calculation section 145 will be described in detail
hereinafter with reference to FIG. 5. The CT image extraction
section 146 may he configured to extract a 2-D CT image
corresponding to the 2-D ultrasound image from the 3-D
ultrasound-CT registered image by means of the calculated
similarity from the similarity calculation section 145.
[0042] Referring back to FIG. 1, the display unit 150 may
be configured to display the 2-D ultrasound image related to
the ROI and the 2-D CT image corresponding thereto. For
example, the 2-D ultrasound image and the 2-D CT image
may be superimposed over one another on the display unit
150. Alternatively, the 2-D ultrasound image and the 2-D CT
image may be displayed on the display unit 150 in transverse
or horizontal direction.

[0043] Hereinafter, operations for providing the 2-D CT
image corresponding to the 2-dimensional ultrasound image
from the 3-D ultrasound-CT registered image in accordance
with an exemplary embodiment of the present disclosure will
be described in detail with reference to FIGS. 5 to 7.

[0044] Referring firstly to FIG. 5, the CT image forming
unit 110 may be operable to form the 3-D CT image of the
target object, at $102. The ultrasound image forming unit 120
may be operable to transmit ultrasound signals to the target
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object and receive ultrasound echo signals reflected there-
from to thereby form the 3-D ultrasound image of the target
object, at S104.

[0045] The processor 104 may be operable to carry out
image registration between the 3-D CT image from the CT
image forming unit 110 and the 3-D ultrasound image from
the ultrasound image forming unit 120 to thereby calculate a
relative position of the 3-D ultrasound image with respect to
the 3-D CT image, at 5106.

[0046] The ultrasound image forming unit 120 may be
operable to transmit ultrasound signals to the target object and
receive ultrasound echo signals reflected therefrom to thereby
form the 2-D ultrasound image 230 shown in FIG. 6 related to
the ROI of the target object, at S108.

[0047] Thesimilarity calculation section 145 of the proces-
sor 140 may be operable to establish the 3-D coordinate
system with a reference surface 220 being set thereon in a
3-dimensional ultrasound image 210 as shown in FIG. 6, at
S110. As depicted in FIG. 6, the reference surface 220 repre-
sents a cross-sectional surface that is fixed at predetermined
coordinates on the 3-D rectangular coordinate system. There-
fore, the reference surface has a non-variable position on the
3-D rectangular coordinate system irrespective of translation
and/or rotation of the 3-D ultrasound image.

[0048] The similarity calculation section 145 of the proces-
sor 140 may be operable to retrieve sets of transform param-
eters shown in Table 1 from the storing unit 130 and then
perform a rigid-body transform upon the 3-D ultrasound
image 210 shown in FIG. 6 based on the retrieved sets of
transform parameters to thereby form a 3-D rigid-body trans-
formed ultrasound image 240 shown in FIG. 7, at S112. The
similarity calculation section 145 may be operable to extract
a reference surface image corresponding to the reference
surface 220 from the 3-D rigid-body transformed ultrasound
image 240, at S114. Herein, the reference surface images may
be extracted from the 3-D rigid-body transformed ultrasound
image 240, wherein each of the reference surface images is
produced at every rigid-body transform when the sets of
transform parameters are applied thereto.

[0049] Next, the similarity calculation section 145 may be
operable to calculate similarities between the 2-D ultrasound
image 230 and the extracted reference surface images, at
S116. The similarity may be calculated through cross corre-
lation, mutual information and the sum of squared intensity
difference (SSID). In an exemplary embodiment, the similar-
ity calculation section 145 may be operable to normalize the
calculated similarities to have a value ranging from 0 to 2 by
using normalized mutual information.

[0050] The similarity calculation section 145 may he oper-
able to determine whether or not the rigid-body transform is
carried outupon the 3-D ultrasound image 210 by applying all
of the sets of transform parameters stored in the storing unit
130, at S118. In case all of the sets of transform parameters
are not applied to the rigid-body transform, the similarity
calculation section 145 may be operable to iteratively per-
form the above-mentioned procedures (i.e., from S112 to
S116), until all of the sets of transform parameters are
applied.

[0051] Ifall of the sets of transform parameters are applied
to the rigid-body transform, the similarity calculation section
145 may then he operable to compare the respective calcu-
lated similarities with a predetermined threshold to thereby
determine whether or not at least one among the calculated
similarities is greater than the predetermined threshold, at
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S120. That is, through the above-mentioned comparison, the
similarity calculation section 145 determines whether or not
the 2-D ultrasound image exists in the 3-D rigid-body trans-
formed ultrasound image.
[0052] If at least one among the calculated similarities is
greater than the threshold similarity, the similarity calculation
section 145 may he operable to select a maximum similarity
out of the calculated similarities that are greater than the
threshold similarity, at S122. In case none of the calculated
similarities is greater than the threshold similarity, the simi-
larity calculation section 145 may be operable to iteratively
perform the above-mentioned procedures (i.e., from S104 to
S118), until at least one calculated similarity is greater than
the threshold similarity.
[0053] Next, the similarity calculation section 145 may be
operable to calculate a position of the 2-D ultrasound image
230 within the 3-D rigid-body transformed ultrasound image
240 based on the set of transform parameters applied to the
rigid-body transform that creates the selected maximum simi-
larity, at S124. For example, the similarity calculation section
145 may be operable to calculate a position of the 2-D ultra-
sound image 230 within the 3-D rigid-body transformed
ultrasound image 240 by using the set of transformation
parameters (e.2., (Xo, ¥y» Zos 8105 0,0, 0,0)) corresponding to
the selected maximum similarity. In such case, the calculated
position of the 2-dimensional ultrasound image 230 may be
represented as a function of the inverse of the set of transfor-
mation parameters, €.g., (=Xo, =¥, =Zg, =00, =05, =0.0)).
[0054] Thereafter, the CT image extraction section 146 of
the processor 140 may be operable to extracta 2-D CT image
corresponding to the 2-D ultrasound image the 3-D ultra-
sound-CT registered image based on the calculated position
of the 2-dimensional ultrasound image and the relative posi-
tion of the 3-D ultrasound image, at S126. Then, the display
unit 150 may be operable to simultaneously display the
extracted 2-D CT image and the 2-D ultrasound image, at
S128. As described above, the extracted 2-D CT image and
the 2-D ultrasound image may be superimposed over one
another on the display unit 150, or displayed in transverse or
horizontal direction.
[0055] Although exemplary embodiments have been
described with reference to a number of illustrative embodi-
ments thereof, it should be understood that numerous other
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope of the
principles of this disclosure. More particularly, numerous
variations and modifications are possible in the component
parts and/or arrangements of the subject combination
arrangement within the scope of the disclosure, the drawings
and the appended claims. In addition to variations and modi-
fications in the component parts and/or arrangements, alter-
native uses will also be apparent to those skilled in the art.
1-10. (canceled)
11. A method of performing imaging, comprising:
forming a 3-dimensional (3-D) CT image of a target object;
forming a 3-dimensional (3-D) ultrasound image of the
target object;
storing sets of transform parameters for performing a rigid-
body transform upon the 3-D ultrasound image;
performing an image registration between the 3-D ultra-
sound image and the CT image to register a 3-D ultra-
sound-CT image;
forming a 2-D ultrasound image related to a region of
interest (ROI) of the target object;
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establishing a 3-D coordinate system with a reference sur-
face being set thereon in the 3-D ultrasound image;
performing a rigid-body transform upon the 3-D ultra-
sound image by sequentially applying the sets of trans-
form parameters and calculating similarities between
reference surface images and the 2-D ultrasound image,
wherein each of the reference surface images is obtained
every rigid-body transform when the sets of transform
parameters are sequentially applied thereto and each of
the reference surface images corresponds to the refer-
ence surface;
extracting a 2-D CT image corresponding to the 2-D ultra-
sound image from the registered 3-D ultrasound-CT
image based on the calculated similarities; and
displaying the 2-D ultrasound and the extracted 2-D CT
images:
wherein each of the reference images is obtained at the
rigid-body transform when the sets of transformation
parameters are sequentially applied to the rigid-body
transform, and the 2-D ultrasound image is related to a
region of interest (ROI) of the target object.
12. The method of claim 11, wherein the target object
includes a liver.
13. The method of claim 11, wherein performing the image
registration further includes:
extracting a diaphragm from the respective 3-D ultrasound
and CT images by selecting a largest surface among
candidate surfaces that are obtained from voxels;
extracting a vessel from the respective 3-D ultrasound and
CT images by selecting vessel candidates by removing
voxels with a higher intensity value than a reference
boundary value;
removing clutters from the diaphragm extracted from the
3-D ultrasound image based on the vessel to refine the
diaphragm;
extracting sample points at the diaphragm and the vessel
extracted from the respective 3-D ultrasound and CT
images; and
performing the image registration between the 3-D ultra-
sound and CT images based on the extracted sample
points to calculate a relative position of the 3-D ultra-
sound image with respect to the 3-D CT image.
14. The method of claim 13, wherein extracting the dia-
phragm further includes:
obtaining a flatness from voxels of the respective 3-D ultra-
sound and CT images with a flatness map;
selecting voxels having a flatness greater than a reference
value;
performing a morphological filtering upon the selected
voxels, eliminating morphological boundaries as many
as a predetermined number of voxels, and contracting
and expanding the morphological boundaries as many as
the predetermined number of voxels to remove the clut-
ters, wherein voxel values exist in the morphological
boundaries;
obtaining the candidate surfaces from the clutter-removed
voxels through an intensity-based CCA; and
selecting the largest surface among the candidate surfaces
to extract the diaphragm from the respective 3-D ultra-
sound and CT images.
15. The method of claim 13, wherein extracting the vessel
further includes:
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modeling the diaphragm to a polynomial curved surface by
performing an ROI masking upon the 3-D ultrasound
and CT images;

selecting the vessel candidates by removing voxels with

the higher intensity value than the reference boundary
value; and

removing non-vessel-type clutters from the selected vessel

candidates to extract the vessel as a resultant vessel,

wherein the non-vessel-type clutters are removed through a

structured-based vessel test. a gradient magnitude
analysis and a final test.

16. The imaging method of claim 13, wherein further com-
prising receiving input data from a user before performing the
image registration, wherein the input data includes first input
data and second input data for establishing regions of the
diaphragm and the vessel on the 3-D CT image, respectively.

17. The method of claim 16, wherein extracting the dia-
phragm further includes:

extracting the diaphragm from the 3-dimensional CT

image in response to the first input data from the user
input section:

obtaining the flatness from voxels of the 3-D ultrasound

image with a flatness map;

selecting voxels having a flatness greater than a reference

value;

performing a morphological filtering upon the selected

voxels;

eliminating the morphological boundaries as many as a

predetermined number of the voxels;

contracting and expanding the morphological boundaries

as many as the predetermined number of the voxels;
removing the clutters;

obtaining the candidate surfaces from the clutter-removed

voxels through an intensity-based CCA; and

selecting the largest surface among the candidate surfaces

to extract the diaphragm from the 3-dimensional ultra-
sound image, wherein the voxel values exist in the mor-
phological boundaries.

18. The method of claim 16, wherein extracting the vessel
further includes:

extracting the vessel from the 3-D CT image in response to

the second input data from the user;

extracting the vessel from the 3-D ultrasound image;

modeling the diaphragm to a polynomial curved surface by

performing an ROI masking upon the 3-D ultrasound
image;

selecting vessel candidates by removing voxels with a

higher intensity value than a reference boundary value;
and

removing non-vessel-type clutters from the selected vessel

candidates to extract the resultant vessel,

wherein the non-vessel-type clutters are removed through a

structured-based vessel test, a gradient magnitude
analysis and a final test.

19. The method of claim 13, wherein performing the rigid-
body transform and calculating the similarities further
includes:

retrieving the sets of transform parameters from a prede-

termined storing area;
performing the rigid-body transform upon the 3-dimen-
sional ultrasound image by sequentially applying the
retrieved sets of transform parameters retrieved,

extracting the reference images from the 3-D rigid-body
transformed ultrasound images;
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calculating the similarities between the reference surface
images and the 2-D ultrasound image;

comparing each of the calculated similarities with a prede-
termined threshold;

determining whether all of the sets of transform parameters
are applied to the rigid-body transform or not;

calculating the position of the 2-D ultrasound image based
on the set of transform parameters applied to the rigid-
body transform to produce a maximum similarity among
the calculated similarities, when all of the sets of trans-
form parameters are applied to the rigid-body transform
and at least one of the calculated similarities is greater
than the predetermined threshold; and

extracting the 2-D CT image corresponding to the 2-D
ultrasound image having the calculated position from
the registered 3-D ultrasound-CT image based on the
relative position,

wherein the reference surface includes a cross-sectional
surface fixed at predetermined coordinates on the 3-D
coordinate system, and wherein the similarities are cal-
culated through at least one of a cross correlation,
mutual information and an sum of squared intensity
difference (SSID).
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20. The method of claim 19, wherein calculating the simi-
larities further includes:

forming a new 3-D ultrasound image of the target object, f
none of the calculated similarities is greater than the
predetermined threshold,

performing an image registration between the new 3-D
ultrasound image and the 3-D CT image;

establishing the 3-D coordinate system with a reference
surface being set thereon in the new 3-D ultrasound
image;

performing the rigid-body transform upon the new 3-D
ultrasound image by sequentially applying the sets of
transform parameters;

calculating the similarities between the reference surface
images and the 2-D ultrasound image;

extracting a 2-D CT image corresponding to the 2-D ultra-
sound image from the registered 3-D ultrasound-CT
image based on the calculated similarities; and

displaying the 2-D ultrasound and CT images.
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