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APPARATUS AND METHOD FOR
DETECTING CATHETER IN
THREE-DIMENSIONAL ULTRASOUND
IMAGES

TECHNICAL FIELD

[0001] The subject matter disclosed herein relates to an
apparatus and method for medical imaging. More specifi-
cally, embodiments of the present invention relate to detect-
ing a catheter in 3D ultrasound images.

BACKGROUND

[0002] Several medical procedures require placement of
catheters/needles inside a biological tissue (such as blood
vessel) of a human body. For example, FIG. 1 shows a sche-
matic view of a peripherally inserted central catheter (PICC)
operation 100. In the PICC operation 100, a catheter 110 is
inserted into a blood vessel 120 from the arm to the chest. The
tip 112 of the catheter 110 usually needs to be localized at a
proper position, maybe nearby the heart 130. Typically, the
placement of the catheter 110 is currently performed blindly
and then confirmed by X-ray detection after completion of the
PICC operation 100. X-ray imaging has adequate resolution
to see tiny blood vessels, but also causes radiation-related
complications.

[0003] Toward improved and safer care for patients, includ-
ing fragile infants, ultrasound guided catheter percutaneous
insertions have been widely adopted in clinical practice.
Detecting the catheter in ultrasound images can guide clini-
cians to insert the catheter into a predetermined location of a
biological tissue. However, ultrasound images suffer from
heavy speckle noise and lower spatial resolution. It is chal-
lenging for a clinician to visualize and follow the moving
blood vessels in the raw, real-time images when both hands
are occupied, i.e., wherein one hand holds and sweeps the
probe and the other handles the catheter delicately. According
to clinical literature, improper positioning of the tip of the
catheter is a suspected cause of severe complications that may
lead to death of fragile patients.

BRIEF DESCRIPTION

[0004] An apparatus and a method for detecting a catheter
in 3D ultrasound images are provided. In an embodiment, the
apparatus includes a 3D ultrasound image acquiring module
and a catheter centerline 3D trajectory generating module.
The 3D ultrasound image acquiring module is used for cap-
turing an original 3D ultrasound image. The catheter center-
line 3D trajectory generating module is used for detecting and
visualizing a catheter in the 3D ultrasound image.

[0005] Inanembodiment,there is provided a method, com-
prising: capturing an original 3D ultrasound image; generat-
ing a first likelihood map of catheter location comprising a
plurality of candidate catheters therein from the original 3D
ultrasound image; detecting a true catheter from the plurality
of candidate catheters; and displaying the true catheter on a
display.

[0006] In another embodiment, there is provided a method,
comprising: capturing an original 3D ultrasound image; cal-
culating a 3D trajectory of a catheter centerline of a catheter;
calculating a 3D trajectory of a blood vessel; creating a blood
vessel centerline 2D cut imagealong a blood vessel centerline
trajectory based on the calculated 3D trajectory of the blood
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vessel; and projecting the 3D trajectory of the catheter cen-
terline of the catheter onto the created blood vessel centerline
2D cut image.

[0007] In yet another embodiment, there is provided a
method, comprising: capturing an original 3D ultrasound
image; calculating a 3D trajectory of a catheter; calculating a
3D trajectory of a blood vessel; determining which one of
detection results of the catheter and the blood vessel is not
satisfied based on predetermined criterion; when the detec-
tion result of the blood vessel is not satisfied compared with
the detection result of the catheter, re-calculating a 3D trajec-
tory of the blood vessel based on a ROI of the catheter; when
the detection result of the catheter is not satisfied compared
with the detection result of the blood vessel, re-calculating a
3D trajectory of a catheter centerline of the catheter based on
a ROI of the blood vessel; and combining the calculated
catheter image and the calculated blood vessel image to
become a composite image.

DRAWINGS

[0008] These and other features and aspects of embodi-
ments of the present invention will become better understood
when the following detailed description is read with reference
to the accompanying drawings in which like characters rep-
resent like parts throughout the drawings, wherein:

[0009] FIG. 1isa schematic view of a peripherally inserted
central catheter operation.

[0010] FIG. 2 is a schematic view of an apparatus for
detecting catheters in 3D ultrasound images, according to one
embodiment.

[0011] FIG. 3 is a part of a block diagram of an image
processing unit of the apparatus of FIG. 2, according to one
embodiment.

[0012] FIG. 4 is a flowchart of a method for detecting
catheters in 3D ultrasound images, according to one embodi-
ment.

[0013] FIG. 5is a schematic view of an exemplary process
of the method of FIG. 4.

[0014] FIG. 6 is ablock diagram of a catheter centerline 3D
trajectory generation module of the image processing unit of
FIG. 3, according to one embodiment.

[0015] FIG. 7 is a flowchart of a method corresponding to
the catheter centerline 3D trajectory generation module of
FIG. 6, according to one embodiment.

[0016] FIG. 8is aflowchart of a method corresponding to a
likelihood map generating sub-module of the catheter centet-
line 3D trajectory generation module of FIG. 6, according to
one embodiment.

[0017] FIG. 9 is a schematic view of an exemplary process
of the method of FIG. 8.

[0018] FIG. 10 is a flowchart of a method corresponding to
a catheter plane calculating sub-module of the catheter cen-
terline 3D trajectory generation module of FIG. 6, according
to one embodiment.

[0019] FIG. 11is aschematic view of an exemplary process
of the method of FIG. 10.

[0020] FIG. 12 is a flowchart of a method corresponding to
an orthogonal coordinate plane calculating sub-module of the
catheter centerline 3D trajectory generation module of FIG.
6, according to one embodiment.

[0021] FIG. 13 is aschematic view of an exemplary process
of the method of FIG. 12.
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[0022] FIG. 14 is a block diagram of a false catheter cen-
terline 3D trajectory pruning module of the image processing
unit of FIG. 3, according to one embodiment.

[0023] FIG. 15 is a flowchart of a method corresponding to
the false catheter centerline 3D trajectory pruning module of
FIG. 14, according to one embodiment.

[0024] FIG. 16 is a schematic view of an exemplary process
of the method of FIG. 15.

[0025] FIG. 17 is a block diagram of a true catheter center-
line 3D trajectory refining module of the image processing
unit of FIG. 3, according to one embodiment.

[0026] FIG. 18 is a flowchart of a method corresponding to
the true catheter centerline 3D trajectory refining module of
FIG. 17, according to one embodiment.

[0027] FIG.191is aschematic view of an exemplary process
of the method of FIG. 18.

[0028] FIG. 20 is the other part of block diagram of the
image processing unit of FIG. 2, according to one embodi-
ment.

[0029] FIG. 21 is a flowchart of a method corresponding to
a composite image generating module and an image display
module of the image processing unit of FIG. 20, according to
one embodiment.

[0030] FIG.221is aschematic view of an exemplary process
of the method of FIG. 21.

DETAILED DESCRIPTION

[0031] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown, by way of illustration, specific
embodiments, which may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the
art to practice the embodiments, and it is to be understood that
other embodiments may be utilized and that logical, mechani-
cal, electrical and other changes may be made without depart-
ing from the scope of the embodiments. The following
detailed description is, therefore, not to be taken in a limiting
sense.

[0032] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as is commonly
understood by one of ordinary skill. The terms “first”, “sec-
ond”, and the like, as used herein do not denote any order,
quantity, or importance, but rather are used to distinguish one
element from another. Also, the terms “a” and “an” do not
denote a limitation of quantity, but rather denote the presence
of at least one of the referenced items, and terms such as
“X-axis”, “Y-axis”, “Z-axis”, “XY-axis”, “YZ-axis”, “X7-
axis”, “front”, “back”, “bottom”, and/or “top”, unless other-
wise noted, are merely used for convenience of description,
and are not limited to any one position or spatial orientation.
Moreover, the terms “coupled” and “connected” are not
intended to distinguish between a direct or indirect coupling/
connection between two components. Rather, such compo-
nents may be directly or indirectly coupled/connected unless
otherwise indicated.

[0033] Referring to FIG. 2, a schematic view of an appara-
tus 200 for detecting a catheter in 3D ultrasound images,
according to one embodiment is shown. The apparatus 200 is
used to automatically detect/calculate 3D trajectory data
(namely XYZ-axis coordinates in 3D space) of a catheter in
captured 3D ultrasound images, such as during a PICC opera-
tion, which can easily and accurately guide clinicians to insert
the catheter into a predetermined location of ablood vessel, or
monitor the inserted catheter in real time for example. In one
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embodiment, the apparatus 200 may be used as either a stand-
alone tool (such as a computer) communicated with an ultra-
sound device, or directly embedded in an ultrasound device.
As used herein, the term “image” refers to multi-dimensional
data composed of discrete image elements (e.g., pixels for 2D
images and voxels for 3D images).

[0034] Inthe embodiment of FIG. 2, the apparatus 200 may
include an ultrasound probe 210, an image collecting umt
220, a data input unit 230, an image processing unit 240, and
amonitor 250. The ultrasound probe 2101s used to capture 3D
ultrasound images from an object, such as a patient 260 who
needs a PICC operation for example. The image collecting
unit 220 is used to receive the captured 3D ultrasound images
from the ultrasound probe 210 and send them to the image
processing unit 240 for the subsequent image processing. The
data input unit 230 is used to input required data to the image
processing unit 240 for the subsequent image processing as
well. For example, the data input unit 230 may include a
keyboard used to input required data. The image processing
unit 240 is used to calculate 3D coordinates of a catheter (not
shown) inserted in the patient 260 based on the captured 3D
ultrasound images and the input required data. The monitor
250 is used to display detected results of the catheter and/or a
corresponding blood vessel (not shown) in the 3D ultrasound
images.

[0035] Theimage processing unit 240 may be programmed
with software instructions stored in a non-transitory com-
puter-readable medium, which, when executed by a proces-
sor, perform various operations of the apparatus 200. The
computer-readable medium may include volatile and non-
volatile, removable and non-removable media implemented
in any method or technology. The computer-readable
medium includes, but is not limited to, RAM, ROM,
EEPROM, flash memory, digital signal processor (DSP) or
other memory technology, CD-ROM, digital versatile disks
(DVD) or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage devices,
or any other non-transitory medium which can be used to
store the desired information and which can be accessed by an
instruction execution system. The image processing unit 240
also may be implemented by hardware or firmware.

[0036] Referring to FIG. 3, a part of block diagram of the
image processing unit 240, according to one embodiment is
shown. The image processing unit 240 includes a 3D ultra-
sound image acquiring module 241, a catheter centerline 3D
trajectory generating module 242, a false catheter centerline
3D trajectory pruning module 243, and a true catheter cen-
terline 3D trajectory refining module 244. In one embodi-
ment, these modules 241, 242, 243, and 244 of the image
processing unit 240 may be situated in discrete modules and/
or algorithms. In other embodiments, two or more of these
modules 241,242,243, and 244 may be integrated together in
a common module and/or algorithm.

[0037] Referring to FIGS. 4 and 5, a flowchart of a method
400 and a schematic view of an exemplary process performed
by the image processing unit 240 are shown, respectively. In
one embodiment, the method 400 includes the following
steps.

[0038] Step 410, the 3D ultrasound image acquiring mod-
ule 241 of the image processing unit 240 acquires original 3D
ultrasound images from the image collecting unit 220, for
example an acquired 3D ultrasound image 510 is shown in
FIG. 5. In general, the operator operates the ultrasound probe
210 to scana region of interest (ROI) of the patient 260, which
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is located at the approximate position of the tip of the inserted
catheter, and the catheter lies approximately in a horizontal
scanning direction. For ease of illustration in drawings, most
actual 3D images in drawings are shown as 2D images, such
as the actual 3D image 510 shown as a 2D image in FIG. 5. As
an example, the image 510 includes two candidate regions
512 and 514 where the catheter may be located.

[0039] In step 420, the catheter centerline 3D trajectory
generating module 242 of the image process unit 240 genet-
ates several candidate catheter centerline 3D trajectories
based on the acquired original 3D ultrasound images. For
example, two candidate catheter centerline 3D trajectories
522 and 524 are generated, as shown in image 520 of FIG. 5,
based on the original 3D ultrasound image 510 and predeter-
mined input data. The predetermined data may include cath-
eter dimensions, diameter of lumen or inner hole, patient
information, etc. In other words, there may be one or more
candidate catheter centerline 3D trajectories detected as can-
didate catheters, and then those candidates are re-detected to
select a true catheter centerline 3D trajectory therefrom in the
subsequent processing steps. In some embodiments, none of
the candidates (522, 524) will be a true catheter centerline 3D
trajectory through the subsequent processing steps, which
means there is no catheter inserted in the blood vessel to be
detected. For example, when the apparatus 200 is used to
detect an inserted catheter, if the inserted catheter is moved to
awrong place by mistake, the detection result will show there
is no catheter inserted, which may avoid some medical acci-
dents.

[0040] In step 430, the false catheter centerline 3D trajec-
tory pruning module 243 of the image process unit 240
prunes/deletes all false catheter centerline 3D trajectories
from the candidate catheter centerline 3D trajectories. For
example, the unit 240 prunes a false catheter centerline 3D
trajectory 524 and selects another candidate 522 as the true
catheter centerline 3D trajectory as shown in image 530 of
FIG. 5. In some embodiments, when the number of the gen-
erated candidates of candidate catheter centerline 3D trajec-
tories is equal to one and the shape detection of this one
candidate strictly satisfies predetermined conditions, this step
430 may be omitted.

[0041] Instep440,the true catheter centerline 3D trajectory
refining module 244 of the image process unit 240 refines the
selected true catheter centerline 3D trajectory (for example,
522 in FIG. 5), which can improve the integrity of the true
catheter centerline 3D trajectory. For example, 542 shown in
image 540 of FIG. 5 shows a refined image of the true catheter
centerline 3D trajectory. After image processing through the
above four steps, a catheter centerline 3D trajectory is
detected in real-time. Comparing step 420 with step 430, the
image process requirement of step 430 is more restrict than
the image process requirement of step 420, because step 430
only selects at most one candidate as the true catheter center-
line 3D trajectory. However, comparing step 420 with step
440, the image process requirement of step 420 is more
restrict than the image process requirement of step 440,
because step 440 needs to achieve a more complete true
catheter centerline 3D trajectory rather than a non-complete
part of the true catheter centerline 3D trajectory detected in
steps 420 and 430.

[0042] Thesteps 401,402, 403, and 404 are four basic steps
of this disclosed embodiment, and the detailed sub-steps
thereof will be described in the latter paragraphs. When this
method 400 is combined with other ultrasound image detec-
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tion methods, such as a blood vessel ultrasound image
method, a composite image showing both the catheter and the
corresponding blood vessel can be calculated and shown
through appropriate algorithms. Detailed descriptions of a
blood vessel ultrasound image method can be found, for
example, in a U.S. patent application Ser. No. 12/645,781,
filed Dec. 23,2009 (Docket number 237105-1), “Methods for
automatic segmentation and temporal tracking,” to Patward-
han et al, which has the same assignee as this application. For
ease of description, details of known method and algorithms
applied in embodiments disclosed herein, such as Kalman
filter, template matching, automatic segmentation and tem-
poral tracking algorithms, for example, are not described
herein. For example, a temporal tracking of the catheter can
be calculated according to the temporal tracking algorithms
disclosed in the U.S. patent application Ser. No. 12/645,781.
[0043] Referring to FIG. 6, a block diagram of the catheter
centerline 3D trajectory generation module 242, according to
one embodiment is shown. The catheter centerline 3D trajec-
tory generation module 242 includes a likelihood map gen-
erating sub-module 2421, a catheter plane calculating sub-
module 2422, an orthogonal coordinate plane calculating
sub-module 2423, and a candidate catheter centerline 3D
trajectories calculating sub-module 2424. In one embodi-
ment, these sub-modules 2421, 2422, 2423, and 2424 may be
situated in discrete sub-modules and/or algorithms. In other
embodiments, two or more of these sub-modules of the cath-
eter centerline 3D trajectory generation module 242 may be
integrated together in a common sub-module and/or algo-
rithm.

[0044] In an embodiment, as shown in FIG. 7, a flowchart
of a method 420 performed by the catheter centerline 3D
trajectory generation module 242 is shown. In one embodi-
ment, the method 420 includes step 421 for generating a
likelihood map of catheter location performed by the likeli-
hood map generating sub-module 2421. In step 422, X Y-axis
coordinates of each candidate catheter centerline on a pro-
jected plane of the likelihood map is calculated by the catheter
plane calculating sub-module 2422. Z-axis coordinates of
each candidate catheter centerline on a flattened curved plane
of the likelihood map is calculated by the orthogonal coordi-
nate plane calculating sub-module 2423 in step 423. In step
424, XY7-axis coordinates (namely 3D trajectories) of the
candidate catheter centerline 3D trajectories is calculated by
the candidate catheter centerline 3D trajectories calculating
sub-module 2424.

[0045] Referring to FIGS. 8 and 9, a detailed flowchart of
step 421 and a schematic view of an exemplary process per-
formed by the likelihood map generating sub-module 2421
are shown, respectively. In one embodiment, the step 421
includes the following sub-steps.

[0046] Instep 4211, the original 3D ultrasound images are
adjusted/rescaled. For example FIG. 9 shows an original 3D
ultrasound image 910 and an adjusted 3D ultrasound image
920. The intensity contrast of the adjusted image 920 is
greater than the intensity contrast of the original image 910.
However, in order to avoid missing candidate catheter cen-
terline 3D trajectories, the intensity contrast of image 920 is
not much higher than the intensity contrast of image 910. In
some embodiments, the original 3D ultrasound image 910
does not need to be adjusted, and thus, this step 4211 can be
omitted.

[0047] In step 4212, a 3D catheter template 930 (940 is
930’s front view) is built based on a specific acoustic signa-
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ture and physical properties of the catheter when viewed
under ultrasound, which may include specially designed
catheters such as with air bubbles or wires placed at prede-
termined intervals, etc. In some embodiments, the physical
properties of the catheter may include some geometric
parameters of the catheter to be detected. For example, the
geometric parameters of the catheter may include the diam-
eter of the catheter body and the diameter of the catheter inner
hole, which are input by the data input unit 230 (see FIG. 2).
In some embodiments, the 3D catheter template 930 applies
3D cubicalbars V.. Vi a4V o, TEPrEsenting the
catheter inner hole, the catheter body, and the catheter outside
neighboring region, respectively. In other embodiments, the
3D cubical bars can be changed to other shapes, such as
column-shaped and ring-shaped. The sizes of the 3D cubical
bars V.., Vpoayare built based on the input geometry param-
eters of the catheter from the data input unit 230. The 3D
cubicalbars V), andV, 1o, are defined as dark features,
and the 3D cubical bars V., ,, is defined as a bright feature in
some embodiments.

[0048] Instep 4213, a 3D likelihood map 950 (see FIG. 9)
is generated based on the adjusted 3D ultrasound image 920
and the 3D catheter template 930. In some embodiments, the
3D ultrasound image 920 applies appropriate 3D template
matching algorithms to search candidate catheters by using
the 3D catheter template 930 matching in the adjusted 3D
ultrasound image 920. A matching result M in a patch of the
3D ultrasound image 920 may be calculated as:

M= i1 ™S poay/ BV oy P W aart'™ Snotet Stackground)’

FV o1V background) 1).
Where S represents the intensity sum of a region, #V repre-
sents the pixel number in a region, and W represents a weight-
ing factor of the 3D catheter template 930. In one embodi-
ment, W, ,,~1.0and W, ,=-1.2 in this step 4213, and thus
anintensity contrast difference D1 between W ..., and W, .
is equal to 1.0-(-1.2)=2.2. After matching all regions of the
3D ultrasound image 920 using the 3D catheter template 930,
the 3D likelihood map 950 is generated, for example two
candidate catheters 951 and 952 are searched and highlighted
in the 3D likelihood map 950. In other words, the actual
catheter may be located at one of the two candidate catheters
951 and 952. For ease of explanation, only two candidate
catheters 951 and 952 are shown in the 3D likelihood map
950, but actually there may be more candidate catheters cal-
culated in the 3D likelihood map or only one candidate cath-
eter calculated in the 3D likelihood map.
[0049] Referring to FIGS.10and 11, adetailed flowchart of
step 422 and a schematic view of an exemplary process per-
formed by the catheter plane calculating sub-module 2422 are
respectively shown. In one embodiment, step 422 includes
the following sub-steps.
[0050] In step 4221, a catheter centerline of each of the
candidate catheters 951 and 952 of the 3D likelihood map 950
are projected onto a catheter plane such as a XY-axis plane.
According to a coordinate setting shown as a 3D image 1110
in FIG. 11, a catheter centerline 1111 is assumed to extend
along the Y-axis and cross each XZ-axis plane at most once.
The catheter centerline 1111 can be projected onto a X'Y-axis
plane 1112 along projecting lines 1113 and then a projected
curve 1114 is projected onto the XY-axis plane 1112. Simi-
larly, based on a projection algorithm, a catheter centerline of
each candidate catheter (951 and 952) of the 3D likelihood
map 950 can be projected onto a XY-axis plane 1130. In one
embodiment, each 2D XZ-axis slice is extracted from the 3D
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image 950, and the voxel point having the maximum intensity
value on each 2D XZ-axis slice is selected, and all selected
voxel points of all 2D XZ-axis slices are connected together
as the catheter centetline of each candidate catheter (951 and
952), and then these catheter centerlines are projected onto
the XY-axis plane 1130, such as two projected curves 1131
and 1132 are generated in the XY-axis plane 1130, for
example.

[0051] Instep 4222, the coordinates of the projected curves
1131 and 1132 in the 3D likelihood map 950 are calculated. In
one embodiment, the coordinates of the projected curves
1131 and 1132 are calculated using appropriate algorithms,
such as Hough Transform. In some embodiments, during this
step, some false projected curves (1132) may be rejected by
setting some rejection conditions. For example, when the
length of a projected curve is less than a predetermined value,
this projected curve may be rejected in this step, such as the
curve 1132 is rejected and not shown in an updated XY-axis
plane 1140. In other embodiments, the rejection conditions
can be changed according to requirements, such as when the
slant angle of a projected curve is greater than a predeter-
mined value (such as 30 degrees), this projected curve may be
rejected in this step.

[0052] In step 4223, the projected curves (1131) in the 3D
likelihood map 950 are repaired to become complete curves.
In some embodiments, the projected curve 1131 may not be
complete, for example, maybe one or more voxel points are
missed during the step 4222, and the projected curve 1131 is
repaired by appropriate algorithms, such as polynomial curve
fitting algorithms or the like. After repairing the projected
curves 1131, the complete coordinates of the updated pro-
jected curve 1141 shown in the updated XY-axis plane 1140
are determined. Namely, the XY-axis coordinates of a center-
line of each candidate catheter 951 in the 3D likelihood map
950 are determined through above steps.

[0053] Referringto FIGS. 12 and 13, adetailed flowchart of
step 423 and a schematic view of an exemplary process per-
formed by the orthogonal coordinate plane calculating sub-
module 2423 are respectively shown. In one embodiment,
step 423 includes the following sub-steps.

[0054] Instep 4231, a curved surface of each of the candi-
date catheters (951) of the 3D likelihood map 950 is flattened.
According to the 3D image 1110 shown in FIG. 13, a curved
surface 1115 by which the catheter centerline 1111 is located
can be determined based on the projecting lines 1113 shown
in FIG. 11, and then the curved surface 1115 is flattened,
which is shown to the right of the 3D image 1110. Similarly,
flattened curved planes (1150), which the corresponding can-
didate catheters (951) located, are calculated based on the
above step 422.

[0055] Instep 4232, anintensity distribution region (1151)
of each of the candidate catheters (951) of the 3D likelihood
map 950 on the corresponding flattened curved plane (1150)
is calculated. The calculation method is similar to the step
4222 such as by using Hough Transform, and thus not
described again. In some embodiments, during this step,
some false intensity distribution regions may be rejected
through setting some rejection conditions. For example,
when the ratio between the long axis and the short axis of an
intensity distribution region is less than a predetermined
value, this intensity distribution region may be rejected in this
step. In other embodiments, the rejection conditions can be
changed according to requirements.
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[0056] Step 4233, a curve 1152 representing depth infor-
mation of a catheter centerline of each candidate catheter 951
of the 3D likelihood map 950 is calculated on the flattened
curved plane 1150 based on the corresponding intensity dis-
tribution region 1151. The curve 1152 may be calculated by
appropriate algorithms, such as by using polynomial curve
fitting algorithms to extract a longest curve 1152 from the
corresponding intensity distribution region 1151. After detet-
mining the curve 1152 from the corresponding intensity dis-
tribution region 1151, the complete coordinates of the curve
1152 shown in the flattened curved plane 1150 are deter-
mined. Namely, the Z-axis coordinates of each candidate
catheter centerline 951 in the 3D likelihood map 950 are
determined.

[0057] After getting the XY-axis coordinates and Z-axis
coordinates of each candidate catheter centerline 951, all of
the candidate catheter centerline 3D trajectories are deter-
mined by the candidate catheter centerline 3D trajectories
calculating sub-module 2424. In some embodiments, opera-
tors may determine which one of the candidate catheter cen-
terline 3D trajectories is the true catheter centerline 3D tra-
jectory from the calculated candidate catheter centerline 3D
trajectories based on their experience, and then other candi-
date catheter centerline 3D trajectories as false cases are
omitted accordingly. However, when the operators cannot
determine which of the candidate catheter 3D trajectories is
the true one, they cannot directly apply those detected candi-
date catheter centerline 3D trajectories to guide them during
the operations. For automatically determining which one of
the candidate catheter centerline 3D trajectories is the true
catheter centerline 3D trajectory, the following paragraphs
will describe more detailed embodiments of the steps 430 and
440.

[0058] Referring to FIG. 14, a block diagram of the false
catheter centerline 3D trajectory pruning module 243,
according to one embodiment is shown. The false catheter
centerline 3D trajectory pruning module 243 includes a ROI
extracting sub-module 2431, an image adjusting sub-module
2432, a likelihood map generating sub-module 2433, a pro-
jected plane detecting sub-module 2434, and a flattened
curved plane detecting sub-module 2435. In one embodi-
ment, these sub-modules 2431, 2432, 2433, 2434, and 2435
may be situated in discrete sub-modules and/or algorithms. In
other embodiments, two or more of these sub-modules of the
false catheter centerline 3D trajectory pruning module 243
may be integrated together in a common sub-module and/or
algorithm.

[0059] Referring to FIGS. 15 and 16, a flowchart of a
method 430 and a schematic view of an exemplary process
performed by the false catheter centerline 3D trajectory prun-
ing module 243 is shown. In an embodiment, the method 430
includes the following steps.

[0060] In step 431, ROIs of the candidate catheter center-
line 3D trajectories” are extracted from the original 3D ultra-
sound image based on the calculated candidate catheter 3D
trajectories, performed by the ROI extracting sub-module
2431. The ROIs include the candidate catheter 3D trajectories
themselves and the neighborhood regions thereof. The ranges
of the neighborhood regions of the candidate catheter 3D
trajectories can be changed according to different require-
ments. For example, FIG. 16 shows an original 3D ultrasound
image 1610 and a calculated image 1620 including two can-
didate catheter centerline 3D trajectories 1621 and 1622
based on the method 420. Two ROIs 1631 and 1632 in the
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image 1630 are extracted from the original 3D ultrasound
image 1610 according to the calculated image 1620 and the
predetermined range of the neighborhood regions.

[0061] In step 432, the ROIs 1631 and 1632 in the image
1630 are adjusted/rescaled performed by the image adjusting
sub-module 2432. For example, FI1G. 16 shows an adjusted
3D ultrasound image 1640 with two adjusted ROIs 1641 and
1642. The intensity contrast of image 1630 is greater than the
intensity contrast of image 1640, which can easily process the
adjusted image 1640 in the subsequent processes. For
improving precision, the intensity contrast of image 1640 is
much higher than the intensity contrast of image 1630, com-
pared with the image adjustment of step 4211. In some
embodiments, the image 1630 does not need to be adjusted,
and thus, this step 432 can be omitted accordingly.

[0062] Instep 433, alikelihood map of the ROIs 1641 and
1642 is generated by the likelihood map generating sub-
module 2433. The likelihood map generation method is simi-
lar to step 421, and thus not described again. For example, a
likelihood map 1650 is generated and includes two candidate
catheter centerlines 1651 and 1652. However, the parameters
Wi and W, ; are different from the step 421. In this step
433, for pruning all false catheters, an intensity contrast dif-
ference D2 between W, and W, of the equation (1) is
greater than the intensity contrast difference D1. In one
embodiment, W, ,,=1.0 and W, ,=-3.0 in this step 433,
and thus the intensity contrast difference D2 is equal to 1.0-
(-3.04.0.

[0063] In step 434, a longest projected curve 1662 on a
projected plane 1660 of the likelihood map 1650, correspond-
ing to a candidate catheter centerline 1652 (1651 is deleted),
is selected by the projected plane detecting sub-module 2434.
Similar to step 422, all of the candidate catheter centerlines on
corresponding projected planes of the likelihood map can be
determined in a manner similar to that in step 422, and thus,
not described again. And then the longest projected curve of
all of the candidate catheter centerlines on corresponding
projected planes can be selected by using appropriate algo-
rithms.

[0064] In step 435, it is determined whether an intensity
distribution region 1691 on a flattened curved plane 1690 of
the likelihood map 1650, corresponding to the selected long-
est candidate catheter centerline 1652, satisfies predeter-
mined catheter shape requirements performed by the flat-
tened curved plane detecting sub-module 2435. Similar to
step 423, the intensity distribution region 1691 can be calcu-
lated in a manner similar to that in step 423, and thus, not
described again. If the intensity distribution region 1691 sat-
isfies catheter shape requirements, the candidate catheter cen-
terline 1652 is determined as the true catheter centerline. If
the intensity distribution region 1691 does not satisfy the
requirements, the candidate catheter centerline 1652 is also
determined as a false catheter centerline, i.e., there is no
catheter inserted in the detected patient 260. For example,
when the ratio between the long axis and the short axis of the
intensity distribution region 1691 is less than a predetermined
value, this intensity distribution region 1691 may be rejected
in this step. In other embodiments, the rejection conditions
can be changed according to requirements.

[0065] Insomeembodiments, before extracting the ROIs, a
corresponding original 3D ultrasound image 1670 may be
first smoothed through appropriate algorithms, such as utiliz-
ing a probabilistic speckle model using Fisher-Tippett distri-
bution and computing a reflectivity parameter for all voxels
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using a small 3D patch around them, to generate a smoothed
3D ultrasound image 1680. And then the intensity distribution
region 1691 on the flattened curved plane 1690 of the likeli-
hood map 1650 is generated based on the smoothed 3D ultra-
sound image 1680, which can increase the determining pre-
cision in step 435. After these steps 431-435, a true catheter
3D trajectory (1652) may be determined.

[0066] Referring to FIG. 17, a block diagram of the true
catheter centerline 3D trajectory refining module 244,
according to one embodiment is shown. The true catheter
centerline 3D trajectory refining module 244 includes a ROI
extracting sub-module 2441, an image adjusting sub-module
2442, a likelihood map generating sub-module 2443, a
speckle pruning sub-module 2444, and an integrity detecting
sub-module 2445. In one embodiment, these sub-modules
2441,2442, 2443, 2444, and 2445 may be situated in discrete
sub-modules and/or algorithms. In other embodiments, two
or more of these sub-modules of the true catheter centerline
3D trajectory refining module 244 may be integrated together
in a common sub-module and/or algorithm.

[0067] Referring to FIGS. 18 and 19, a flowchart of a
method 440 and a schematic view of an exemplary process
performed by the true catheter centerline 3D trajectory refin-
ing module 244 is shown. In one embodiment, the method
440 includes the following steps:

[0068] In step 441, a ROI of the selected true catheter
centerline 3D trajectory is extracted from the original 3D
ultrasound image by the ROI extracting sub-module 2441.
The ROl includes the true catheter 3D trajectory itself and the
neighborhood regions thereof. The ranges of the neighbor-
hood regions ofthe true catheter 3D trajectory can be changed
according to different requirements. For example, FIG. 19
shows an original 3D ultrasound image 1910 and a calculated
image 1920 including a true catheter 3D trajectory 1921
based on the method 430. A ROI 1931 in the image 1930 is
extracted from the original 3D ultrasound image 1910
according to the calculated image 1920 and the predeter-
mined range of the neighborhood regions. In general, the
predetermined range of the neighborhood regions in this step
is greater than the predetermined range of the neighborhood
regions in the step 431.

[0069] In step 442, the ROI 1931 in the image 1930 is
adjusted/rescaled performed by the image adjusting sub-
module 2442. This step is similar to the step 432, and thus not
described again and no schematic views are shown. However,
the adjusting degree of intensity contrast in this step may be
less than that in the step 432. Insome embodiments, the image
1930 does not need to be adjusted, and thus, this step 442 can
be omitted accordingly.

[0070] In step 443, a likelihood map of the ROI 1931 is
generated by the likelihood map generating sub-module
2443. The likelihood map generation method is similar to
steps 421 and 433, and thus not described again. However, the
parameters W, and W, are different from the step 421
and step 433. In this step 443, for achieving a complete true
catheter centerline 3D trajectory, the intensity contrast differ-
ence D3 between W, ,,, and W, the equation (1) is less
than the intensity contrast difference D1. In one embodiment,
Wi =1.0 and W, ,=-1.0 in this step 443, and thus, the
intensity contrast difference D2 is equal to 1.0-(-1.0)=2.0.
Namely, D3<D1<D2, i.e., the intensity contrast difference
requirement of achieving the likelihood map in step 433 is the
most restrict step, and the step 443 is the least restrict step.
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[0071] 1In step 444, a longest projected curve 1941 on a
projected plane 1940 of the likelihood map (not shown) is
selected by the speckle pruning sub-module 2444. This step is
similar to the step 434, and thus, not described again and no
schematic views are shown. Because to some speckles/noises
(not shown) may be detected on the projected plane 1940 in
the step 443, the speckles need to be deleted in this step 444.
In some embodiments, this step 444 may be omitted. Then, a
true catheter 3D trajectory including XYZ-axis coordinates
corresponding to the selected longest projected curve 1941 is
determined based on above mentioned steps.

[0072] Instep 445, it is determined whether the calculated
true catheter centerline 3D trajectory is whether it is a com-
plete catheter centerline 3D trajectory performed by the
integrity detecting sub-module 2445. If the calculated true
catheter centerline 3D trajectory is complete, based on some
predetermined conditions, the process ends. If the calculated
true catheter centerline 3D trajectory is not complete, based
on those predetermined conditions, the process goes back to
step 441 to re-calculate/update the true catheter centerline 3D
trajectory based on more than one time of calculating under
different image parameter settings. In some embodiments,
the predetermined conditions may include the following three
conditions. First, when the repeating/iterative times from step
441 to step 444 is greater than a predetermined value, such as
ten, the process ends. Second, when the detection length on
XY-axis plane of the true catheter centerline 3D trajectory is
not increased between two consecutive repeating steps (441
to 444), the process ends. Third one, when the difference of
two detectionlengths on X Y-axis plane or on ZY-axis plane of
the true catheter centetline 3D trajectory in two consecutive
repeating steps (441 to 444) is greater than a predetermined
value, namely changed extremely in the two consecutive
detections, the process ends. In other embodiments, the pre-
determined conditions may vary according to requirements.

[0073] After the process ends, a final true catheter center-
line 3D trajectory is determined. For example, the projected
curve 1941 on the projected plane 1940 is calculated from the
ROI 1931 of the image 1930 in a first time of the detection
from step 441 to step 444, and a projected curve 1961 on a
projected plane 1960 is calculated from a ROI 1951 of an
image 1950 in a second time of the detection from step 441 to
step 444. In step 445, the projected curve 1961 is compared
with the projected curve 1941, if the projected curve 1961 is
the same as the projected curve 1941, then the process ends.
Then, the projected curve 1941 will act as the final detection
result, and thus, a true catheter centerline 3D trajectory 1911
in a 3D ultrasound image 1910 will be calculated based on
above mentioned methods. The image processing unit 240
can output the result data to the monitor 250 to display the true
catheter centerline 3D trajectory 1911 in the 3D ultrasound
image 1910. On the other hand, if the projected curve 1961 is
alittle longer than the projected curve 1941, then the process
goes back to the step 441, to re-calculate/update the true
catheter centerline 3D trajectory until the updated one is the
same as the previous one. Or, if the projected curve 1961 is
extremely different from the projected curve 1941 based on
the predetermined conditions, the process ends, and then the
projected curve 1941 will act as the final detection result, and
be used to calculate the final/refined true catheter centerline
3D trajectory 1911.

[0074] In some embodiments, for example when the detec-
tion requirement is not high, the true catheter centerline 3D
trajectory refining module 244 may be deleted. The true cath-
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eter centerline 3D trajectory refining module 244 is used to
obtain the selected true catheter centerline 3D trajectory with
greater accuracy and completeness, which can better guide
the operators.

[0075] Referring to FIG. 20, the image processing unit 240
may further include a blood vessel 3D trajectory calculating
module 245, a composite image generating module 246, and
an image display module 247. The blood vessel 3D trajectory
calculating module 245 is used to calculate the 3D trajectory
of the blood vessel in which the catheter is inserted. The
methods of calculating the 3D trajectory of the blood vessel
have been previously proposed, such as in U.S. patent appli-
cation Ser. No. 12/645,781 mentioned before or other con-
ventional methods, and thus, not described here, The catheter
is highlighted in a manner to render the image of the catheter
clear to a user or operator.

[0076] Referring to FIGS.21and 22, adetailed flowchart of
an image compositing method 2100 and a schematic view of
an exemplary process performed by the composite image
generating module 246 and the image display module 247 are
shown, respectively. In one embodiment, the method 2100
includes 2110-2140.

[0077] Instep 2110, a blood vessel centerline cut image is
created performed by the composite image generating mod-
ule 246. For example, based on the method disclosed in the
U.S. patent application Ser. No. 12/645,781, a 3D blood ves-
sel image (not shown) can be obtained. In this 3D blood vessel
image, a 2D cutimage 2210 along the blood vessel centerline
is extracted. In the 2D cut image 2210, a blood vessel 2211 is
shown, and may be a part 2212 of the catheter is also shown.
Because the catheter may not be located along the blood
vessel centerline, the part 2212 may not display the catheter
clearly, or there may be no catheter image in the 2D cut image
2210.

[0078] In step 2120, a catheter centerline 3D trajectory is
projected onto the 2D cut image 2210 performed by the
composite image generating module 246. Based on the
method 400 mentioned above, a true catheter centerline 3D
trajectory is calculated, and then the calculated catheter cen-
terline 3D trajectory can be projected onto the 2D cut image
2210, and generate a projected catheter centerline 2222.
[0079] In step 2130, a catheter image on the 2D cut image
2210 1s repaired by the composite image generating module
246. Based on the input parameter data of the catheter from
the data input unit 230, for example, the diameter of the
catheter, a catheter image 2232 is repaired on the 2D cut
image 2210 through appropriate algorithms.

[0080] Instep 2140, the repaired 2D cut image 2210 is then
displayed through the monitor 250 by the image display mod-
ule 247. Then, operators can apply this repaired 2D cut image
2210 to guide them to insert the catheter 2232 into the blood
vessel 2211. In some embodiments, the operators also can
apply the un-repaired 2D cut image 2210 (the middle image
of FIG. 22), and thus, this step 2130 may be omitted accord-
ingly. In other embodiments, the cut image may be cut along
the calculated catheter centerline 3D trajectory, and then a
catheter image is repaired on this catheter centerline cut
image.

[0081] In some embodiments, after a catheter and a corre-
sponding blood vessel are detected based on above methods,
it is determined whether the detection results of the catheter
and the corresponding blood vessel, when compared, satisfy
predetermined criterion. The predetermined criterion of the
two detection results may include shape matching detection,
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intensity contrast detection, or other image quality detection.
If the detection result of the blood vessel is not satisfied
compared with the detection result of the catheter, a ROI of
the catheter is extracted, and then the blood vessel is re-
detected in the ROI (smaller detection region than original 3D
image), which can obtain a better detection result than the
original detection result. On the contrary, if the detection
result of the catheter is not satisfied compared with the detec-
tion result of the blood vessel, a ROI of the blood vessel is
extracted, and then the catheter is re-detected in the ROI,
which can obtain a better detection result than the original
detection result. After the final detection results of the cath-
eter and the blood vessel are determined, a better quality of
detection result showing both the catheter and blood vessel
can be obtained accordingly, for example, by using the image
compositing method 2100.

[0082] Inan embodiment, before extracting the first ROIs,
the original 3D ultrasound image is smoothed by using a
smooth algorithm based on the probabilistic speckle model
using Fisher-Tippett distribution.

[0083] In an embodiment, the generating the first likeli-
hood map, the second likelihood map, and the third likelihood
map includes building a 3D catheter template based on an
acoustic signature and physical properties of the catheter
when viewed under ultrasound, and generating the first like-
lihood map, the second likelihood map, and the third likeli-
hood map by using the 3D catheter template.

[0084] In an embodiment, the 3D catheter template
includes three 3D cubical bars Vhole, Vbody, and Vback-
ground respectively representing a catheter inner hole, a cath-
eter body, and a catheter outside neighboring region.

[0085] In an embodiment, the 3D cubical bars V), and
Vpackgrouna ar€ defined as dark feature, and the 3D cubical
bars V,,,, is defined as bright feature, a matching result M to
generate the candidate catheters from the original 3D ultra-
sound images is calculated as M=W,,.;,.*S, , H#V .+
W gari* SnozetSsackgromunad) FV notet#V packgrouna)- S repre-
sents the intensity sum of a region, #V represents the pixel
number in a region, and W represents a weighting factor.

[0086] In an embodiment, determining the integrity of the
longest catheter centerline through comparing a plurality of
calculated catheter centerline 3D trajectories in the third like-
lihood map includes repeating the steps of extracting the
second ROI, generating the third likelihood map, and updat-
ing the longest catheter centerline; and finishing integrity
determination based on predetermined conditions.

[0087] Inanembodiment, finishing integrity determination
based on predetermined conditions includes: when the
repeating times of the steps is greater than a predetermined
value, finishing the integrity determination; or when a detec-
tion length on a XY-axis plane of the longest catheter center-
line is not increase between two consecutive repeating steps,
finishing the integrity determination; or when a difference of
two detection lengths on a XY-axis plane or on a ZY-axis
plane of the longest catheter centerline in two consecutive
repeating steps is greater than a predetermined value, finish-
ing the integrity determination.

[0088] In an embodiment, the method further includes
repairing the projected catheter centerline based on a prede-
termined catheter diameter.

[0089] In an embodiment, calculating a 3D trajectory of a
catheter centerline of the catheter includes generating a plu-
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rality of candidate catheters from the original 3D ultrasound
image, and pruning false catheters of the plurality of candi-
date catheters.

[0090] In an embodiment, calculating a 3D trajectory of a
catheter centerline of the catheter further comprises: refining
a true catheter centerline 3D trajectory.

[0091] In an embodiment, the method further includes a
step between “calculating a 3D trajectory of the blood vessel”
and “creating a blood vessel centerline 2D cut image along a
blood vessel centerline trajectory based on the calculated 3D
trajectory of the blood vessel.” The step includes: determin-
ing which one of detection results of the catheter and the
blood vessel is not satisfied based on predetermined criterion;
when the detection result of the blood vessel is not satisfied
compared with the detection result of the catheter, re-calcu-
lating a 3D trajectory of the blood vessel based on a ROI of the
catheter; and when the detection result of the catheter is not
satisfied compared with the detection result of the blood
vessel, re-calculating a 3D trajectory of a catheter centerline
of the catheter based on a ROI of the blood vessel.

[0092] While exemplary embodiments of the invention
have been described herein, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, itis intended that
the invention not be limited to the particular embodiments
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the appended claims.

What is claimed is:

1. An apparatus, comprising;

a 3D ultrasound image acquiring module configured to
capture an original 3D ultrasound image; and

a catheter centerline 3D trajectory generating module con-
figured to detect and to visualize a catheter in the original
3D ultrasound image.

2. The apparatus of claim 1, wherein the catheter centerline

3D trajectory generating module comprises:

a first likelthood map generating sub-module configured to
generate a first likelihood map of catheter location com-
prising a plurality of candidate catheters therein from the
original 3D ultrasound image;

a catheter plane calculating sub-module configured to cal-
culate XY-axis coordinates of a centerline of each of the
plurality of candidate catheters on a projected plane of
the first likelihood map; and

an orthogonal coordinate plane calculating sub-module
configured to calculate Z-axis coordinates of the center-
line of each of the plurality of candidate catheters on a
flattened curved plane of the first likelihood map.

3. The apparatus of claim 2, further comprising:

a false catheter centerline 3D trajectory pruning module
comprising;

a ROI extracting sub-module configured to extract first
ROIs of the candidate catheter centerline 3D trajecto-
ries from the original 3D ultrasound image;

asecond likelihood map generating sub-module config-
ured to generate a second likelihood map of catheter
location comprising the plurality of candidate cath-
eters therein based on the first ROIs; and
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a projected plane detecting sub-module configured to
select a longest catheter centerline of the plurality of
candidate catheters on a projected plane of the second
likelihood map.

4. The apparatus of claim 3, wherein the false catheter
centerline 3D trajectory pruning module further comprises:

a flattened curved plane detecting sub-module configured

to determine whether the longest catheter centerline ona

flattened curved plane of the second likelihood map
satisfies predetermined catheter shape requirements.

5. The apparatus of claim 4, wherein the catheter shape
requirements comprise a ratio between a long axis and a short
axis of a determined intensity distribution region on the flat-
tened curved plane of the second likelihood map is greater
than a predetermined value.

6. The apparatus of claim 4, further comprising:

a true catheter centerline 3D trajectory refining module
comprising:
a ROI extracting sub-module configured to extract a
second ROI of the longest catheter centerline 3D tra-
jectory from the original 3D ultrasound image;

a third likelihood map generating sub-module config-
ured to generate a third likelihood map of catheter
location comprising the longest catheter therein based
on the second ROI; and

an integrity detecting sub-module configured to deter-
mine the integrity of the longest catheter centerline
through comparing a plurality of calculated catheter
centerline 3D trajectories in the third likelihood map.

7. The apparatus of claim 6, wherein the candidate cath-
eters in the first, second, and third likelihood maps are gen-
erated based on a 3D catheter template.

8. The apparatus of claim 7, wherein the 3D catheter tem-
plate comprises three 3D cubicalbars V., V,, 0, a0d V-
ground Yespectively representing a catheter inner hole, a cath-
eter body, and a catheter outside neighboring region.

9. The apparatus of claim 8, wherein the 3D cubical bars
Viote AV o r00mg are defined as dark feature, and the 3D
cubical bar V,,,, is defined as bright feature, a matching
result M to generate the candidate catheters from the original
3D ultrasound image is calculated as M=W,,.;*S, ./
HV 4oitt W gt (ShotetS pacigronnd MY jote™V pacgrownd)s
where S represents the intensity sum of a region, #V repre-
sents the pixel number in a region, and W represents a weight-
ing factor.

10. A method, comprising:
capturing an original 3D ultrasound image;

generating a first likelithood map of catheter location com-
prising a plurality of candidate catheters therein from the
original 3D ultrasound image;

detecting a true catheter from the plurality of candidate
catheters; and

displaying the true catheter on a display.
11. The method of claim 10, wherein detecting a true
catheter from the plurality of candidate catheters comprises:

calculating X Y-axis coordinates of a centerline of each of
the plurality of candidate catheters on a projected plane
of the first likelihood map; and

calculating Z-axis coordinates of the centerline of each of
the plurality of candidate catheters on a flattened curved
plane of the first likelihood map.
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12. The method of claim 11, wherein calculating X Y-axis
coordinates of a centerline of each of the plurality of candi-
date catheters on a projected plane of the first likelihood map
comprises:

projecting the catheter centerline of each of the plurality of

candidate catheters onto a XY-axis plane of the first
likelihood map; and

calculating coordinates of the projected catheter centet-

lines.
13. The method of claim 12, wherein calculating Z-axis
coordinates of the centerline of each of the plurality of can-
didate catheters on a flattened curved plane of the first likeli-
hood map comprises:
flattening a curved surface of each of the plurality of can-
didate catheters of the first likelihood map which the
corresponding catheter centerline is located,

calculating an intensity distribution region of each of the
plurality of candidate catheters on the corresponding
flattened curved plane; and

calculating coordinates ofa curve representing depth infor-

mation of a catheter centerline of each of the plurality of
candidate catheters of the first likelihood map based on
the calculated intensity distribution regions.
14. The method of claim 13, wherein the coordinates of the
projected catheter centerlines and the coordinates of the
curves representing depth information of catheter centerlines
of the plurality of candidate catheters are calculated based on
Hough Transform and polynomial curve fitting algorithms.
15. The method of claim 11, wherein detecting a true
catheter from the plurality of candidate catheters further com-
prises:
extracting first ROIs of the candidate catheter centerline
3D trajectories from the original 3D ultrasound image;

generating a second likelihood map of catheter location
comprising the plurality of candidate catheters therein
based on the first ROIs; and

selecting a longest catheter centerline of the plurality of

candidate catheters on a projected plane of the second
likelihood map.

16. The method of claim 15, wherein detecting a true
catheter from the plurality of candidate catheters further com-
prises:

determining whether the longest catheter centerline on a

flattened curved plane of the second likelihood map
satisfies catheter shape requirements.
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17. The method of claim 16, wherein the catheter shape
requirements comprise a ratio between a long axis and a short
axis of a determined intensity distribution region on the flat-
tened curved plane of the second likelihood map is greater
than a predetermined value.

18. The method of claim 16, wherein detecting a true
catheter from the plurality of candidate catheters further com-
prises:

extracting a second ROI of the longest catheter centerline

3D trajectory from the original 3D ultrasound image;
generating a third likelihood map of catheter location com-
prising the longest catheter therein based on the second
ROI; and
determining the integrity of the longest catheter centerline
through comparing a plurality of calculated catheter
centerline 3D trajectories in the third likelihood map.

19. A method, comprising:

capturing an original 3D ultrasound image;

calculating a 3D trajectory of a catheter centerline of a

catheter;,

calculating a 3D trajectory of a blood vessel;

creating a blood vessel centerline 2D cut image along a

blood vessel centerline trajectory based on the calcu-
lated 3D trajectory of the blood vessel; and

projecting the 3D trajectory of the catheter centerline of the

catheter onto the created blood vessel centerline 2D cut
image.

20. A method, comprising:

capturing an original 3D ultrasound image;

calculating a 3D trajectory of a catheter;

calculating a 3D trajectory of a blood vessel;

determining which one of detection results of the catheter

and the blood vessel is not satisfied based on predeter-
mined criterion;
when the detection result of the blood vessel is not satisfied
compared with the detection result of the catheter, re-
calculating a 3D trajectory of the blood vessel based on
a ROI of the catheter;

when the detection result of the catheter is not satisfied
compared with the detection result of the blood vessel,
re-calculating a 3D trajectory of a catheter centerline of
the catheter based on a ROI of the blood vessel; and

combining the calculated catheter image and the calculated
blood vessel image to become a composite image.
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