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(57) ABSTRACT

A method and an apparatus or needle visualization enhance-
ment in ultrasound (US) imaging includes a Radon trans-
form (RT) unit configured to perform RT on a sequence of
frames to detect line features in the frames, where a frame
includes US radio-frequency (RF) data obtained during
monitoring the insertion of a needle into a subject or an US
image reconstructed from the RF data. Further, a false
needle feature removing unit is configured to remove line
features which remain substantially stationary among the
frames as false needles while locating a line feature which
extends among the frames as the needle; and an overlaying
unit is configured to overlay the location of the line feature
as the needle on an US image of a frame to produce an
enhanced image to be displayed.
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1
METHOD AND APPARATUS FOR NEEDLE
VISUALIZATION ENHANCEMENT IN
ULTRASOUND IMAGES

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application is the U.S. National Phase application
under 35 U.S.C. § 371 of International Application Serial
No. PCT/IB2012/057317, filed on Dec. 14, 2012, which
claims the benefit of International Application Serial No.
PCT/CN2011/085034, filed on Dec. 30, 2011. These appli-
cations are hereby incorporated by reference herein.

FIELD OF THE INVENTION

The invention relates to ultrasound (US) imaging, and
particularly to enhancing the visualization of a needle in an
ultrasound image during monitoring the needle moving in a
subject.

BACKGROUND OF THE INVENTION

During needle biopsy and some interventional therapy,
clinicians need to insert a needle into a subject, such as the
body, to reach a target mass. Usually US imaging is used for
live monitoring the needle insertion procedure. To deliver a
safe and successful procedure, it is critical to locate the
needle accurately in the guided US image. Unfortunately, in
clinical practice the visibility of the needle in the conven-
tional US image is poor, resulting in difficulty for clinicians
to insert the needle accurately.

Different techniques have been used to achieve better
needle visualization in US images, for example, adaptively
steering the US beam towards the needle to improve the
acoustic reflection of the needle and compounding with the
non-steered US image; manipulating the needle surface
coating, geometry and diameter to enhance acoustic reflec-
tion; providing an extra optical or electro-magnetic position
sensor on the needle to track the needle location in the US
image, etc. In these techniques, either a specially designed
needle is used, or an extra position sensor is attached to the
needle, or the US imaging system is manipulated to enhance
the visualization of the needle. Those approaches will lead
to an increase of the total cost of providing enhanced needle
visualization.

SUMMARY OF THE INVENTION

The present invention provides a way to improve needle
visibility in the US image to be displayed.

According to one aspect of the present invention, there is
provided a method of needle visualization enhancement in
US imaging, comprising the steps of:

performing a Radon transform (RT) on a sequence of
frames to detect line features in the frames, a frame com-
prising US radio-frequency (RF) data obtained during moni-
toring the insertion of a needle into a subject or an US image
reconstructed from the RF data;

removing line features which remain substantially station-
ary among the frames as false needles while locating a line
feature which extends among the frames as the needle; and

overlaying the location of the line feature as the needle on
an US image of a frame to produce an enhanced image to be
displayed.
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Through extracting the location of the needle feature and
superimposing it on the US image, the needle visualization
presented to the viewer is improved.

According to an embodiment of the present invention, the
step of removing line features which remain substantially
stationary among the frames as false needles while locating
a line feature which extends among the frames as the needle
further comprises:

comparing the locations of the detected line features
among the frames on a basis of one frame to another; and

removing a line feature as false needle if the location
difference of the line feature among the frames is below a
threshold, and locating a line feature as the needle if the
location difference of the line feature among the frames is
above the threshold.

According to an embodiment of the present invention, the
step of removing line features which remain substantially
stationary among the frames as false needles while locating
a line feature which extends among the frames as the needle
comprises:

determining, for every two consecutive frames of the
sequence after the RT, the location difference of each of the
detected line features between the two frames, and accumu-
lating the location differences of the line feature to obtain an
accumulated location difference of the line feature; and

removing a line feature as false needle if the accumulated
location difference of the line feature is below a threshold,
and locating a line feature as the needle if the accumulated
location difference of the line feature is above the threshold.

Through the accumulation of the location differences, the
locating of the needle feature and the removing of a false
needle feature may be more robust.

According to an embodiment of the present invention,
motion compensation may be performed for the sequence of
frames before performing RT. The motion compensation
may cancel out the effect of potential patient motion artifact
on the calculated needle location. The global motion com-
pensation may comprise:

calculating a global motion vector for each of the frames
relative to a reference frame; and

performing motion compensation for each of the frames
using its global motion vector.

According to an embodiment of the present invention, the
sequence of frames may be binarized into dark and bright
frames before the RT is performed. For example, the values
of the pixels in a frame are binarized into “0” or “1” values
by thresholding. The threshold may be set as an experimen-
tal value, for example, 0.8:Imax, where Imax is the maxi-
mum pixel value, or the threshold may be set as the average
of values in the frame, or a value resulting from multiplying
the average by a factor. The thresholding may facilitate the
process of the following RT.

According to an embodiment of the present invention,
temporal compounding may be performed for the sequence
of frames to produce a compounding frame which has an
improved visualization in comparison with each individual
frame in the sequence. Then the detected line feature as the
needle may be overlaid on the US image of the compound-
ing frame to produce the enhanced image. In this way, the
location of the needle as well as the US image may be
enhanced in the displayed image.

According to another aspect of the present invention,
there is provided an apparatus for needle visualization
enhancement in US imaging, comprising;

a Radon transform (RT) unit adapted to perform RT on a
sequence of frames to detect line features in the frames, a
frame comprising US RF data obtained during monitoring
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the insertion of a needle into a subject or an US image
reconstructed from the RF data;

a false needle feature removing unit adapted to remove
line features which remain substantially stationary among
the frames as false needles while locating a line feature
which extends among the frames as the needle; and

an overlaying unit adapted to ovetlay the location of the
line feature as the needle on an US image of a frame to
produce an enhanced image to be displayed.

According to another aspect of the present invention,
there is provided an US imaging system, comprising

an US transducer array adapted to pick up an US RF
signal;

an image processor adapted to perform a Radon transform
(RT) on a sequence of frames to detect line features in the
frames, a frame comprising US RF data obtained during
monitoring the insertion of a needle into a subject or an US
image reconstructed from the RF data, and remove line
features which remain substantially stationary among the
frames as false needles while locating a line feature which
extends among the frames as the needle; and overlay the
location of the line feature as the needle on a US image of
a frame to produce an enhanced image to be displayed; and

a display adapted to display the enhanced image.

Other objects and advantages of the present invention will
become more apparent and will be easily understood from
the description made in combination with the accompanying
drawings.

DESCRIPTION OF THE DRAWINGS

The present invention will be described and explained
hereinafter in more detail in combination with embodiments
and with reference to the drawings, wherein:

FIG. 1 is a schematic diagram of an US system for
monitoring the position of a needle moving in a subject in
accordance with an embodiment of the present invention;

FIG. 2 is a block diagram of an enhancement module for
producing an enhanced image in which needle visualization
is enhanced in an US image in accordance with an embodi-
ment of the present invention;

FIG. 3 is a flowchart of the method for producing an
enhanced image in which needle visualization is enhanced in
an US image in accordance with an embodiment of the
present invention.

The same reference signs in the figures indicate similar or
corresponding features and/or functionalities.

DETAILED DESCRIPTION

The embodiment of the present invention will be
described hereinafter in more detail with reference to the
drawings.

FIG. 1 shows a schematic diagram of an US system 100
for monitoring the location of a needle 120 moving in a
region of a subject 110 in accordance with an embodiment
of the present invention. The subject 110 may be a human
being, animals or inanimate objects. The needle 120 may be
termed differently in accordance with other terminologies,
which refer to it as a line-segment shape instrument, for
which the present invention is applicable.

The US system 100 is configured to produce images of the
region of the subject 110 during the guiding of the needle
insertion into the subject. As shown in FIG. 1, the US system
100 includes an US transducer 130, an imaging processor
140 and a display 150. The US transducer 130 may be an
array of transducers for transmitting US signals into a region
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of the subject 110 and/or receiving corresponding reflected
US signals in response to the transmitted US signals. The
transducer 130 can convert the reflected US signals to
electrical signals, which present the US radio frequency
(RF) signal, and transmit the electrical signals to the imaging
processor 130. The imaging processor 130 may (e.g., with
appropriate software and/or electronics) determine a subject
image (e.g., intensities of pixels for an image) and transmit
the image to a display 150 for displaying the image.

The imaging processor may include an image reconstruc-
tion module 141 and an enhancement module 145. Accord-
ing to an embodiment of the present invention, the US
system 100 may work in a conventional way initially, in
which the image reconstruction module 141 reconstructs US
images, such as conventional B-mode US images, in a
conventional way while the enhancement module is not
activated. The enhancement module may be activated by an
operator at any time. For example, before inserting the
needle 120 into the subject 110, the operator such as a
clinician may trigger a needle enhancement mode, so that
the enhancement module 145 is activated to provide
enhanced images. Of course, the enhancement module 145
may be activated automatically when the system 100 turns
on.

FIG. 2 is a block diagram of enhancement module 200 for
producing an enhanced image in which needle visualization
is enhanced in an US image in accordance with an embodi-
ment of the present invention. The enhancement module 200
may be the enhancement module 145 as shown in FIG. 1.
The enhancement module 200 may process a sequence of
US images, which are reconstructed by the reconstruction
module 141 from US RF data collected by the transducer
130, to produce an enhanced image. The enhancement
module 200 may also directly process a sequence of US RF
data collected by the transducer 130 in order to produce the
enhanced image. For sake of illustration, the sequence of US
images or the sequence of US RF data may be collectively
referred to as a sequence of frames. And the sequence of
frames may present a two-dimensional (2D)/three-dimen-
sional (3D) US image sequence or a 2D/3D US RF
sequence.

As shown in FIG. 2, the enhancement module 200 may
include a motion compensation unit 210, a thresholding unit
220, a Radon transformation (RT) unit 230, a false needle
feature removing unit 240, a temporal compounding unit
250, an overlaying unit 260.

The motion compensation unit 210 is adapted to perform
global motion compensation for the sequence of frames.

The thresholding unit 220 is adapted to binarize the
frames into dark and bright frames by thresholding.

The RT unit 230 is adapted to perform RT on the sequence
of frames to detect line features in the frames.

The false needle feature removing unit 240 is adapted to
remove line features which remain substantially stationary
among the sequence of frames as false needles while locat-
ing a line feature which extends among the sequence of
frames as the needle.

The temporal compounding unit 250 is adapted to per-
form temporal compounding on the sequence of frames to
produce a compounding frame.

The overlaying unit 260 is adapted to overlay the location
of the line feature as the needle on the US image of a frame
to produce an enhanced image to be displayed. The frame on
which the line feature is overlaid may be the compounding
frame, or any one of the sequence of frames, for example,
the last one of the sequence of frames.
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It should be understood that the modules as shown in FIG.
1 and the units as shown in FIG. 2 may be implemented in
a processor, for example, the imaging processor 140, or may
be implemented in several hardware components, for
example, the image reconstruction module may be imple-
mented in a dedicated processing unit such as a Digital
Signal Processor (DSP) or an Application Specific Inte-
grated Circuit (ASIC) or the like designed specifically for
US image reconstructions, and the enhancement module or
the units therein may be implemented in a general purpose
processor, controller or the like.

It should be understood that the modules as shown in FIG.
1 and the units as shown in FIG. 2 may be implemented in
software as computer program product, the functions of the
modules and/or units may be stored on or transmitted as
program instructions or codes on a computer-readable
medium. Computer-readable media are to be taken to
include any medium that facilitates transfer of a computer
program from one place to another and that can be accessed
by a computer. By way of example, the computer-readable
media may include RAM, ROM, EEPROM, CD-ROM or
other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be
used to carry or store a desired program code in the form of
instructions or data structures and that can be accessed by a
computer.

FIG. 3 is a flowchart of the method 300 of producing an
enhanced image in which needle visualization is enhanced in
an US image in accordance with an embodiment of the
present invention. Next, the method will be described in
connection with the illustrated system or apparatus as shown
in FIGS. 1 and 2.

The method starts by receiving a sequence of frames by
the enhancement module at step 310. For sake of explana-
tion, we may assume the sequence to include n frames, that
is, frame 1 to frame n, from which an enhanced frame will
be produced in the enhancement module. For example, the
next sequence may include frame 2 to frame n+1, the further
next sequence may include frame 3 to frame n+2, and so on.
Therefore, the enhancement module 200 would supply con-
tinually enhanced frames.

Motion compensation may be performed for the received
frames, for example frames 1 to n, by the motion compen-
sation unit 210 (step 320). The motion compensation unit
210 may calculate a global motion vector for each of the
frames relative to a reference frame, and perform motion
compensation for each of the frames, using its global motion
vector. The reference frame may be selected as one of the
received frames, for example, the first one of the sequence
of frames. Said global motion compensation may be per-
formed for every received frame to cancel out potential
patient motion, which may lead to artifacts in the finally
calculated needle location. The motion compensation step is
preferably performed in a preferred embodiment of the
present invention. But it is not an inevitable step for the
implementation of the present invention, for example, when
the subject remains substantially stationary during the pro-
cedure of needle insertion.

The sequence of frames may be binarized into dark and
bright frames by, for example, the thresholding unit 220
(step 330). For example, the values of the pixels in a frame
may be binarized to a first or a second value, which for
example may be 0 or 1, 0 or 255, or some other values. The
threshold may be set as an experimental value, for example,
0.8 Imax, where Imax is the maximum pixel value, or the
threshold may be set as the average of the pixel values in the
frame, or a value resulting from multiplying the average by
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a factor. The sequence of frames resulting from the thresh-
olding step may facilitate reducing the computation load of
the RT to be performed. But those skilled in the art should
understand that the RT may be performed for the sequence
of frames without the thresholding step performed before-
hand.

RT may be performed on the sequence of frames, after the
thresholding step, by for example the RT unit 230 (step 340).
The RT is a linear transformation that has a property of
allowing to detect line features in image data. The details for
RT are available in the prior art, for example, reference may
be made to Toft P, The Radon Transform, Theory and
Implementation, PhD Thesis, Technical University of Den-
mark, p. 23-80; Dean S., The Radon Transform and Some of
its Applications, John Wiley and Sons: New York. An
adaptive RT may be performed on a frame to detect the line
features of the frame. At the same time, the RT has the
function of removing artifacts like comet-tail. After applying
RT to a frame, the projection angles and vector parameters
of the frame will be obtained. The line features will be
shown in the Radon transformed frame as peaks (i.e., local
maximum), with projection angles representing the angles of
the line features in the frame and projection vectors repre-
senting the smallest distances of the line features to the
projection original. By detecting the local peaks in the RT,
line features of the frame can be detected. The location of a
line feature is determined by the projection angle and vector
of the corresponding peak. For sake of description, we may
refer to the projection angle and vector obtained in RT as
location information of the line feature.

The needle may curve during the insertion into the
subject. In order to ensure that the curved needle is detected,
the RT tolerance may be set to a larger value to track line
features with small curvature. In addition to line features
resulting from the needle, other line features in the frame
may also be detected by the RT, which latter line features
may be referred to as false needle features. The larger the
tolerance that the RT provides, the more line features may be
detected by the RT. According to an embodiment of the
present invention, the RT is performed on every frame of the
sequence. Other variants of the embodiment may be antici-
pated, for example, the RT may be performed on any two or
more frames of the sequence in order to detect the line
feature of the needle.

Removing false needle features may be performed on the
sequence of frames after RT (step 350) by for example the
false needle feature removing unit 240. As stated above, the
RT may produce multiple line features. The inventors of the
present invention carefully studied the property of the line
features and realize that the false needle features remain
substantially stationary among adjacent frames while the
needle feature extends in adjacent images during the inser-
tion procedure. Therefore, in step 350, the false needle
feature removing unit 240 removes line features which
remain substantially stationary among the frames as false
needles, and locates a line feature which extends among the
frames as the needle.

According to an embodiment of the present invention, in
step 350, the false needle feature removing unit 240 may
compare the locations of the detected line features of any
two or more frames of the sequence on a basis of one frame
to another. For example, the false needle feature removing
unit 240 may compare the locations of the detected line
features of a frame to the locations of the detected line
features of another frame, and identify a line feature as a
false needle that is to be removed if the location difference
of the line feature between the two frames is negligible, in
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other words, the location difference is below a threshold, and
identify a line feature as the needle that is to remain if the
location difference of the line feature between the two
frames is above the threshold. In another example, the false
needle feature removing unit 240 may compare the location
differences of the line features of the frame and identify a
line feature having the largest location difference as the
needle that is to remain. As stated above, the projection
angle and projection vector of a peak obtained in RT is the
location information of the line feature corresponding to the
peak. And the location difference of a line feature may be
obtained by comparing the projection angle and projection
vector of a peak corresponding to the line feature in a frame
with that corresponding to the line feature in another frame.

According to an embodiment of the present invention,
since the needle can only be inserted in a certain direction,
the false needle feature removing unit 240 may only con-
sider line features with projection angles in a certain range
(for example 20-70 degrees and 110-170 degrees) as the
possible needle, and remove the line features with projection
angles outside this range directly as false features.

After applying RT to the sequence of frames 1 to n, the
location information of the line features, that is, projection
angles and vector parameters of the peaks of the line features
in the frame, is detected. During needle insertion, the
projection angles of the line feature resulting from the
needle will not change much over time, while the projection
vector will increase. Comparing the projection angles and
vectors of the sequence of images 1 to n, the line features
following such a pattern will be regarded as the needle. For
example, the false needle feature removing unit 240 may
determine the location difference of a line feature between
each two consecutive frames of the sequence, and accumu-
late the resulted location differences of the line feature to
obtain an accumulated location difference of the line feature.
For example, the false needle feature removing unit 240 may
determine the location difference of a line feature between
frame 1 and frame 2, between frame 2 and frame 3, . . .,
between frame n-1 and frame n, and accumulate the result-
ing location differences to achieve the accumulated location
difference of the line feature in the sequence. As stated
above, by comparing the accumulated location differences
of the line features with a threshold or with each other, the
line feature of the needle may be located and the line feature
of a false needle may be removed. After the corresponding
projection angle and vector of the needle feature are iden-
tified, the location of the needle feature in the US image will
be also defined from the projection angle and vector.

According to an embodiment of the present invention, the
introduction of outliers due to image distortion may also be
considered, i.e., one sudden rise in location information such
as project angle and/or vector of a local maximum in the RT
may be regarded as an outlier and may not be considered as
the needle feature.

According to an embodiment of the present invention, the
projection angle of the needle from the previous frame may
be used as an initial to search for the needle feature in the
next sequence of frames 2 to n+1, for example, only line
features with a projection angle in the range of +-10 degrees
relative to the previous projection angle of the needle feature
may be considered as the possible needle feature. In an
example, the RT may be performed in such a range of angles.

It is possible that the needle remains substantially station-
ary in the sequence of images. In such a case, the line feature
of the needle will be removed along with the line features of
the false needle in the false needle feature removing step
350, in other words, no line feature is located as the needle.
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According to an embodiment of the present invention, the
false needle feature removing unit 240 may determine that
the needle remains substantially stationary at the current
time, and may take the previously determined line feature of
the needle as the current one.

A temporal compounding process may be performed on
the sequence of frames 1 to n by, for example, the temporal
compounding unit 250 (step 360) to produce a compounding
frame which has an improved visualization as compared to
each individual frame in the sequence. In an example, the
temporal compounding unit 250 may perform temporal
compounding on the sequence of reconstructed US images
output from the reconstruction module 141. In another
example, the temporal compounding unit 250 may perform
temporal compounding on the sequence of US RF data and
provide the resulting temporal compounding US RF data to
the reconstruction module 141 to reconstruct a compounding
image. As an example of temporal compounding, the
sequence of frames may be averaged to achieve the com-
pounding frame, and a weighted average may also be
performed for the sequence of frames to achieve the com-
pounding frame. The temporal compounding step 360 is an
optional step. In an example, for 2D US imaging with high
frame rate, temporal compounding may be used to enhance
the needle in the US image. In another example, for 3D US
imaging, temporal compounding may not be used to ensure
an adequate frame rate for imaging if the frame rate is not
high enough.

The location of the line feature as the needle determined
at the false needle feature removing step 350 may be
overlaid on an US image of a frame by the overlaying umt
260 (step 370) to produce an enhanced image, in which the
location of the needle is enhanced. In an example, the
overlaying unit 260 may overlay the location of the line
feature as the needle on the compounding frame achieved at
the temporal compounding step 360 to produce an enhanced
image. In another example, the overlaying unit 260 may
overlay the location of the line feature as the needle on an
US image of one of the sequence of frames, for example,
overlay the location of the line feature on the US image of
the last frame of the sequence to produce an enhanced
image. In an example, the overlaying unit 260 may highlight
the locations of the line feature as the needle in the US image
with recognizable intensity or color.

The enhanced image may be output to the display 150 to
display to a viewer such as a clinician who is performing the
insertion of the needle into the subject. With the improved
needle visibility in the enhanced US image, it may help the
clinician to place the needle at the desired location with less
difficulty and more accuracy.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention and that those skilled
in the art will be able to design alternative embodiments
without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses
shall not be construed as limiting the claim. The word
“comprising” does not exclude the presence of elements or
steps not listed in a claim or in the description. The word “a”
or “an” preceding an element does not exclude the presence
of a plurality of such elements. In the system claims enu-
merating several units, several of these units can be embod-
ied by one and the same item of software and/or hardware.
The usage of the words first, second and third, et cetera, does
not indicate any ordering. These words are to be interpreted
as names.
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The invention claimed is:

1. A method of needle visualization enhancement in
ultrasound imaging, comprising acts of:

performing by a processor a Radon transform (RT) on a

sequence of frames to detect line features in the frames,
a frame comprising ultrasound (US) radio-frequency
(RF) data obtained during monitoring the insertion of a
needle into a subject or an US image reconstructed
from the RF data;

removing by the processor line features which remain

substantially stationary among the frames as false
needles while locating a line feature which extends
among the frames as the needle;

overlaying by the processor the location of the line feature

as the needle on an US image of a frame to produce an
enhanced image to be displayed; and

outputting an output signal by the processor for producing

the enhanced image to be displayed,
wherein said act of removing of line features which
remain substantially stationary among the frames as
false needles while locating a line feature which
extends among the frames as the needle comprises acts
of:
for two consecutive frames of the sequence after the RT,
determining the location difference of a detected line
feature between the two consecutive frames, and accu-
mulating the location differences of the line feature to
obtain an accumulated location difference of the line
feature; and
removing a line feature as false needle if the accumulated
location difference of the line feature is below a thresh-
old, and locating a line feature as the needle if the
accumulated location difference of the line feature is
above the threshold.
2. The method according to claim 1, wherein said act of
removing of line features which remain substantially sta-
tionary among the frames as false needles while locating a
line feature which extends among the frames as the needle
further comprising:
comparing the locations of a detected line feature among
the frames on a basis of one frame to another; and

removing a line feature as a false needle if the location
difference of the line feature among the frames is below
a threshold, and locating a line feature as the needle if
the location difference of the line feature among the
frames is above the threshold.

3. The method according to claim 1, wherein, before the
act of performing RT, the method further comprises acts of:

calculating a global motion vector for each frame of the

frames relative to a reference frame; and

performing motion compensation for each frame of the

frames, using its global motion vector.
4. The method according to claim 1, wherein before the
act of performing RT, the method further comprises an act of
binarized the frames are into dark and bright frames by
thresholding.
5. The method according to claim 1, further comprising
acts of:
performing temporal compounding on the sequence of
frames to produce a compounding frame; and

overlaying the location of the line feature as the needle on
the US image of the compounding frame to produce the
enhanced image.

6. The method of claim 1, further comprising an act of
displaying the enhanced image on a display.

7. An apparatus for needle visualization enhancement in
ultrasound imaging, comprising:

10

a Radon transform (RT) unit configured to perform RT on

a sequence of frames to detect line features in the

frames, a frame comprising ultrasound (US) radio-

frequency (RF) data obtained during monitoring the

5 insertion of a needle into a subject or an US image
reconstructed from the RF data;

a false needle feature removing unit configured to remove

line features which remain substantially stationary

among the frames as false needles while locating a line

10 feature which extends among the frames as the needle;
an overlaying unit configured to overlay the location of
the line feature as the needle on an US image of a frame
to produce an enhanced image to be displayed; and
s  adisplay configured to display the enhanced image,

wherein the false needle feature removing unit is further
configured to

determine, for two consecutive frames of the sequence
after the RT, the location difference of a detected line

20 feature between the two consecutive frames, and accu-
mulate the location differences of the line feature to
obtain an accumulated location difference of the line
feature; and

remove a line feature as false needle if the accumulated

25 location difference of the line feature is below a thresh-
old, and locate a line feature as the needle if the
accumulated location difference of the line feature is
above the threshold.

8. The apparatus according to claim 7, wherein the false

30 needle feature removing unit is further configured to

compare the locations of a detected line feature among the
frames on a basis of one frame to another; and

remove a line feature as false needle if the location
difference of the line feature among the frames is below

35 a threshold, and locate a line feature as the needle if the
location difference of the line feature among the frames
is above the threshold.

9. The apparatus according to claim 7, further comprising
a motion compensation unit configured to

40  calculate a global motion vector for each frame of the

frames relative to a reference frame; and

perform motion compensation for each frame of the
frames, using its global motion vector.

10. The apparatus according to claim 7, further compris-

45 ing a temporal compounding unit configured to perform

temporal compounding on the sequence of frames to pro-
duce a compounding frame,

wherein the overlaying unit is configured to overlay the

location of the line feature as the needle on the US

50 image of the compounding frame to produce the
enhanced image.

11. An ultrasound imaging system comprising
an ultrasound transducer array configured to pick up
ultrasound (US) radio-frequency (RF) signals;

55 an image processor configured to perform a Radon trans-
form (RT) on a sequence of frames to detect line
features in the frames, a frame comprising US radio-
frequency (RF) data obtained during monitoring the
insertion of a needle into a subject or an US image

60 reconstructed from the RF data, and remove line fea-
tures which remain substantially stationary among the
frames as false needles while locating a line feature
which extends among the frames as the needle, and
overlay the location of the line feature as the needle on

65 an US image of a frame to produce an enhanced image
to be displayed; and

a display configured to display the enhanced image,
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wherein the image processor is further configured to

determine, for two consecutive frames of the sequence
after the RT, the location difference of a detected line
feature between the two consecutive frames, and accu-
mulate the location differences of the line feature to 5
obtain an accumulated location difference of the line
feature; and

remove a line feature as false needle if the accumulated
location difference of the line feature is below a thresh-
old, and locate a line feature as the needle if the 10
accumulated location difference of the line feature is
above the threshold.

12. The system according to claim 11, wherein the image

processor is further configured to

compare the locations of a detected line feature among the 15
frames on a basis of one frame to another; and

remove a line feature as false needle if the location
difference of the line feature among the frames is below
athreshold, and locate a line feature as the needle if the
location difference of the line feature among the frames 20
is above the threshold.

13. The system according to claim 11, wherein, before

performing RT, the image processor is further configured to

calculate a global motion vector for each frame of the
frames relative to a reference frame; and 25

perform motion compensation for each frame of the
frames using its global motion vector.

I I T T
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