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METHOD, APPARATUS AND SYSTEM FOR
ENHANCING NEEDLE VISUALIZATION IN
MEDICAL ULTRASOUND IMAGING

BACKGROUND OF THE INVENTION

Embodiments of the present invention relate to an ultra-
sound imaging technique, more particularly to a method,
apparatus and system for enhancing needle visualization in
medical ultrasound imaging at different scanning depths.

In medical device ultrasound guidance application, the
needle visualization in ultrasound image is paramount for the
clinician to successfully perform an invasive ultrasound
image guided procedure.

Needle visualization techniques in medical ultrasound sys-
tems, such as B steer, SteerXBeam and Expanded SteerX-
Beam, usually use one special additional frame called “needle
frame” with fixed big steering angle and collected by apply-
ing fixed ultrasound working frequency to visualize and
enhance the needle. If the needle guidance direction is verti-
cal to the steering angle for needle frame, needle visualization
is enhanced. Otherwise, the needle will disappear or fade in
the ultrasound image.

For example, the U.S. Pat. No. 6,524,247 entitled “Method
and system for ultrasound imaging of a biopsy needle” filed
by Danhua Zhao et al. on May 15,2001 discloses a method for
enhancing real time visualization of a puncture needle, said
method using a fixed scan angle (or a needle frame steering
angle) to collect a needle frame. The Chinese patent applica-
tion No. 201010624654.3 entitled “Method and apparatus for
enhancing needle visualization in ultrasound imaging” filed
by Jianjun Guo et al. on Dec. 27, 2010 discloses a needle
frame with a large steering angle (e.g., 45°) and teaches that
aplurality of frames collected by scanning at multiple angles,
e.g., 25° and 45°, are combined to yield a needle frame,
thereby achieving optimum effect.

However, as patients differ greatly in figures, the same
parts or tissues (e.g., heart) have different scanning depths in
different patients, and different parts or tissues have different
scanning depths in the same patient as well. In the above-
mentioned prior art, a fixed needle frame steering angle is
always used for ultrasound scanning at different scanning
depths, regardless of depth differences of different scanned
parts or tissues in patients. As a result, when the fixed needle
frame steering angle is used to scan a large (e.g. obese)
patient, the needle is inserted into the patient’s body substan-
tially vertical to skin, such that the needle keeps substantially
parallel to ultrasonic beam, thereby causing the needle to
disappear or fade in the ultrasound image. Hence, the needle
frame collected with fixed needle frame steering angle and
ultrasound working frequency in the prior art cannot satisfy
ultrasound guidance requirements at different depths.

Thus, it is necessary to provide a method, apparatus and
system to avoid the aforesaid problems and defects.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the present invention provide a method,
apparatus and system operable to enhance needle visualiza-
tion for scanning at different depths by applying a depth-
dependent needle frame steering angle, ultrasound working
frequency and edge enhancement filtering to a needle frame.

According to an embodiment of the present invention, a
method for enhancing needle visualization in ultrasound
imaging is provided. The method comprises setting a scan-
ning depth corresponding to a depth of part or tissue target in
a patient’s body; and automatically determining a needle
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2

frame steering angle and an ultrasound working frequency for
needle frame collection based on the scanning depth.

According to another embodiment of the present invention,
an apparatus for enhancing needle visualization in ultrasound
imaging is provided. The apparatus comprises a setting mod-
ule configured to set a scanning depth corresponding to a
depth of part or tissue target in a patient’s body; and a deter-
mining module configured to automatically determine a
needle frame steering angle and an ultrasound working fre-
quency for needle frame collection based on the scanning
depth.

According to another embodiment of the present invention,
an ultrasound imaging system comprising an apparatus for
enhancing needle visualization in ultrasound imaging is pro-
vided. The apparatus comprises a setting module configured
to set a scanning depth corresponding to a depth of part or
tissue target in a patient’s body; and a determining module
configured to automatically determine a needle frame steer-
ing angle and an ultrasound working frequency for needle
frame collection based on the scanning depth.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are specifically
described hereunder with reference to the figures and in com-
bination with the embodiments. The same or similar elements
in the figures are represented with the same reference numer-
als. In the figures:

FIG. 1 illustrates a flowchart of a method for enhancing
needle visualization in ultrasound imaging according to one
embodiment of the present invention;

FIG. 2 is a schematic diagram illustrating a case of apply-
ing the method in FIG. 1 to a shallow depth according to one
embodiment of the present invention;

FIG. 3 is a schematic diagram illustrating a case of apply-
ing the method in FIG. 1 to a deep depth according to one
embodiment of the present invention;

FIG. 4 illustrates a kernel configuration of an edge
enhancement filter when the needle frame steering angle is
30°;

FIG. 5 illustrates a kernel configuration of an edge
enhancement filter when the needle frame steering angle is
45°;

FIG. 6 is a schematic diagram illustrating an apparatus for
enhancing needle visualization in ultrasound imaging accord-
ing to one embodiment of the present invention;

FIG. 7 is a schematic diagram illustrating another appara-
tus for enhancing needle visualization in ultrasound imaging
according to one embodiment of the present invention;

FIG. 8A illustrates a needle frame that is obtained accord-
ing to the prior techniques in shallow depth applications:

FIG. 8B illustrates a needle frame that is obtained accord-
ing to the technique of the present invention in shallow depth
applications;

FIG. 9A illustrates a needle frame that is obtained accord-
ing to the prior techniques in deep depth applications; and

FIG. 9B illustrates a needle frame that is obtained accord-
ing to the technique of the present invention in deep depth
applications.

DETAILED DESCRIPTION OF THE INVENTION

Many medical applications need ultrasound guidance of
medical instruments like a needle to direct various invasive
medical instruments to the part or tissue target within a
patient’s body. To direct the needle to the part or tissue target
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safely and rapidly, it needs to enhance visualization of the
needle in the ultrasound image.

A Needle is a highly reflective object. When the scan angle
is vertical or substantially vertical to the needle angle, the
needle visualization in the ultrasound image is remarkable. In
conventional medical imaging techniques, a needle frame is
used to enhance visualization of the needle in the ultrasound
image. A fixed big steering angle and a fixed ultrasound
working frequency are usually used to collect a needle frame.
In the case of implementing medical instrument ultrasound
guidance on different patients, parameters including needle
frame steering angle, ultrasound working frequency and filter
settings will keep unchanged when the depth of the part or
tissue target in the patient’s body change, which influences
enhanced visualization of the needle in the ultrasound image.

Hence, according to the technique raised in the present
invention, parameters like needle frame steering angle, ultra-
sound working frequency and/or filter settings are configured
to be dependent upon the scanning depth corresponding to the
depth of the part or tissue target in the patient’s body. In other
words, according to the embodiments of the present inven-
tion, the needle frame steering angle and ultrasound working
frequency for needle frame collection will change corre-
spondingly when the scanning depth changes with the depth
of the part or tissue target in the patient’s body.

According to one embodiment of the present invention, the
method for enhancing needle visualization in ultrasound
imaging further comprises an enhancing step for performing
edge enhancement filtering on a collected needle frame.

According to another embodiment of the present invention,
a filter kernel for performing the enhancing step matches the
determined needle frame steering angle for needle frame
collection.

According to another embodiment of the present invention,
anonzero coefficient is defined along a needle direction in the
filter kernel matching the needle frame steering angle for
needle frame collection.

According to another embodiment of the present invention,
a predefined needle frame steering angle and a predefined
ultrasound working frequency corresponding to the scanning
depth are searched in a pre-stored table when performing the
determining step as the needle frame steering angle and ultra-
sound working frequency for needle frame collection.

According to another embodiment of the present invention,
the pre-stored table comprises a plurality of predefined depth
values, and a plurality of predefined needle frame steering
angles and a plurality of predefined ultrasound working fre-
quencies respectively corresponding to each of the plurality
of predefined depth values.

According to another embodiment of the present invention,
the predefined needle frame steering angle and predefined
ultrasound working frequency corresponding to one of the
plurality of predefined depth values that is equal or proximal
to the scanning depth are determined as the needle frame
steering angle and ultrasound working frequency for needle
frame collection when performing the determining step.

According to another embodiment of the present invention,
the shallower the scanning depth, the smaller the needle
frame steering angle for needle frame collection and the
higher the ultrasound working frequency for needle frame
collection.

According to another embodiment of the present invention,
the deeper the scanning depth, the larger the needle frame
steering angle for needle frame collection and the lower the
ultrasound working frequency for needle frame collection.

According to another embodiment of the present invention,
the apparatus for enhancing needle visualization in ultra-
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4

sound imaging further comprises an enhancing module for
performing edge enhancement filtering on a collected needle
frame.

According to another embodiment of the present invention,
a filter kernel used by the enhancing module matches the
determined needle frame steering angle for needle frame
collection.

According to another embodiment of the present invention,
anonzero coefficient is defined along a needle direction in the
filter kernel matching the needle frame steering angle for
needle frame collection.

According to another embodiment of the present invention,
the determining module is configured to search for a pre-
defined needle frame steering angle and a predefined ultra-
sound working frequency corresponding to the scanning
depth in a pre-stored table as the needle frame steering angle
and ultrasound working frequency for needle frame collec-
tion.

According to another embodiment of the present invention,
the pre-stored table comprises a plurality of predefined depth
values, and a plurality of predefined needle frame steering
angles and a plurality of predefined ultrasound working fre-
quencies respectively corresponding to each of the plurality
of predefined depth values.

According to another embodiment of the present invention,
the determining module is further configured to determine the
predefined needle frame steering angle and predefined ultra-
sound working frequency corresponding to one of the plural-
ity of predefined depth values that is equal or proximal to the
scanning depth as the needle frame steering angle and ultra-
sound working frequency for needle frame collection.

According to another embodiment of the present invention,
the shallower the scanning depth, the smaller the needle
frame steering angle for needle frame collection and the
higher the ultrasound working frequency for needle frame
collection.

According to another embodiment of the present invention,
the deeper the scanning depth, the larger the needle frame
steering angle for needle frame collection and the lower the
ultrasound working frequency for needle frame collection.

According to another embodiment of the present invention,
the apparatus for enhancing needle visualization in ultra-
sound imaging further comprises or communicates with a
memory for storing the table.

According to an embodiment of the present invention, the
present invention provides an ultrasound imaging system
comprising an apparatus for enhancing needle visualization
in ultrasound imaging according to another embodiment of
the present invention.

In the method, apparatus and system according to the
embodiments of the present invention, the needle frame steer-
ing angle and ultrasound working frequency for needle frame
collection and the filter kernel for enhancing edge filtering of
the collected needle frame are both dependent upon the scan-
ning depth corresponding to the depth of the part or tissue
target in a patient’s body. When the scanning depth changes
with the depth of the part or tissue target in the patient’s body,
the preferred needle frame steering angle and preferred ultra-
sound working frequency for needle frame collection will be
adjusted automatically, and edge enhancement filtering
dependent upon the scanning depth will be performed on the
collected needle frame, thereby achieving enhanced needle
visualization in ultrasound imaging for scanning at different
depths without participation of the user, which facilitates
improving the work flow of needle guidance in ultrasound
imaging and saving the latency time.
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FIG. 1illustrates a flowchart of a method 100 for enhancing
needle visualization in ultrasound imaging according to one
embodiment of the present invention. As shown in the Figure,
a scanning depth corresponding to the depth of the part or
tissue target in a patient’s body is set at step 102. For example,
when a clinician estimates the depth of the part or tissue target
in a patient’s body at about 10 cm, he/she may set a scanning
depth of about 15 cm via an interface such that the part or
tissue target is approximately at a central position of the
collected tissue frame and needle frame. Persons skilled in the
art will appreciate that the above data are just for demonstra-
tive purpose and in no way limit the present invention.

At step 104, the scanning depth corresponding to the depth
of the part or tissue target in a patient’s body set at step 102
automatically determines the needle frame steering angle and
ultrasound working frequency for needle frame collection.
For example, a predefined needle frame steering angle and a
predefined ultrasound working frequency corresponding to
the set scanning depth can be searched in the pre-stored table
as the needle frame steering angle and ultrasound working
frequency for needle frame collection. The pre-stored table
may comprise a plurality of scanning depth values each cor-
responding to a predefined needle frame steering angle and a
predefined ultrasound working frequency. Table 1 shows an
exemplary tabulation.

Ultrasound Working

Needle Frame Frequency
Scanning Depth (cm) Steering Angle (%) (MHz)
1.0 15.0 15.0
2.0 20.0 13.0
3.0 o .
4.0 30.0 10.0
5.0

40.0 8.0

Table 1 demonstratively provides a plurality of combina-
tions of scanning depth values, predefined needle frame steer-
ing angles and predefined ultrasound working frequencies.
Persons skilled in the art will appreciate that the various
combinations of the three parameters as listed in the table are
just for demonstration and in no way limit the present inven-
tion. For example, although the scanning depth values in the
table increase by a step length of 1.0 cm, persons skilled in the
art will appreciate that the depth values can in fact increase by
any proper step length (e.g., 0.5 cm, 0.1 cm). The predefined
needle frame steering angle and predefined ultrasound work-
ing frequency corresponding to a given depth value is depen-
dent upon the attributes of relevant components (e.g., a probe)
in the ultrasound imaging system. The needle frame steering
angle and ultrasound working frequency corresponding to
each of the depth values in Table 1 can be determined with
experiments and/or simulation.

Usually the smaller the scanning depth value, the smaller
the corresponding needle frame steering angle and the higher
the corresponding ultrasound working frequency; on the con-
trary, the larger the scanning depth value, the larger the cor-
responding needle frame steering angle and the lower the
corresponding ultrasound working frequency.

At step 104, if the depth value equal to the scanning depth
corresponding to the depth of the part or tissue target in a
patient’s body set at step 102 is not found in the table, the
predefined needle frame steering angle and predefined ultra-
sound working frequency corresponding to the depth value
proximal to the scanning depth set in the table shall be deter-
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6

mined as the needle frame steering angle and ultrasound
working frequency for needle frame collection.

At the optional enhancing step 106, edge enhancement
filtering is performed on the collected needle frame. The
Chinese patent application No. 2010106246543 entitled
“Method and apparatus for enhancing needle visualization in
ultrasound imaging” filed by Jianjun Guo et al. on Dec. 27,
2010 proposes a method for applying edge enhancement fil-
tering technique to the collected needle frame with an edge
enhancement filter. The contents of this patent application are
integrally incorporated herein by reference. FIG. 4 illustrates
akernel configuration of an edge enhancement filter when the
needle frame steering angle for needle frame collection is 30°.
FIG. 5 illustrates a kernel configuration of an edge enhance-
ment filter when the needle frame steering angle for needle
frame collection is 45°. As shown in the figures, the edge
enhancement filter kernel matches the needle frame steering
angle for needle frame collection. That is, a nonzero coeffi-
cient is defined along the needle direction in the edge
enhancement filter kernel, wherein the nonzero coefficient
can be, for instance, 1 but is not limited to 1.

As stated above, when performing edge enhancement fil-
tering on the collected needle frame, the edge enhancement
filter kernel is configured according to the needle frame steer-
ing angle for needle frame collection determined at step 104,
and the resulting edge enhancement filter kernel is then cross-
correlated (convoluted) with the collected needle frame,
thereby enhancing the needle signal in the needle frame and
suppressing other tissue signals and artifacts in the needle
frame. Besides, since the needle frame steering angle for
needle frame collection is dependent upon the scanning depth
corresponding to the depth of the part or tissue target in the
patient’s body, the edge enhancement filter kernel configured
according to the needle frame steering angle is also concerned
with the scanning depth, and thereby canprovide a lower level
of detection for shallower needles shown in F1G. 4 as well as
ahigherlevel of detection for deeper needles shown in FIG. 5.

Some embodiments of the present invention are further
explained below in combination with FIGS. 2-3.

FIG. 2 illustrates a case of application to a shallow depth
(e.g., small or lean patients, or in vivo part or tissue target
close to skin of a patient) according to one embodiment of the
present invention. In this embodiment, the part or tissue target
is about 1.0 cm deep in a patient’s body. Accordingly, the
scanning depth can be set to be about 2.0 cm. For shallow-
depth applications, the part or tissue target and the needle are
normally located in a shallower field of an ultrasound image.
In this case, the needle frame steering angle for needle frame
collection will be configured as a small one which can
enhance the needle visualization in the ultrasound image and
improve the overall ultrasound image quality. In this embodi-
ment, the needle frame steering angle for needle frame col-
lection is set to be 20.0°. In the meanwhile, a higher ultra-
sound working frequency will be used to increase ultrasound
image resolution and needle appearance in such shallow-
depth applications. In this embodiment, the ultrasound work-
ing frequency for needle frame collection is set to be the
higher 13.0 MHz.

FIG. 3 illustrates a case of application to a deep depth (e.g.,
big or obese patients, or in vivo part or tissue target far from
skin of a patient) according to one embodiment of the present
invention. In this embodiment, the part or tissue targets are
about 2.0 cm deep in a patient’s body. Accordingly, the scan-
ning depth can be set to be about 4.0 cm. For deep-depth
applications, the part or tissue target and the needle in a far
field of the ultrasound image will interest the clinician. n this
case, the needle guidance is very steep with a big angle.
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Hence, the needle frame steering angle for needle frame col-
lection should be configured as a large one to enhance ultra-
sound signal reflection from the needle. In this embodiment,
the needle frame steering angle for needle frame collection is
set to be 30.0°.

Limited by the acceptance angle of probe elements in the
ultrasound imaging system, a large needle frame steering
angle will bring considerable noise and artifacts for the col-
lected needle frame. Therefore, a lower ultrasound working
frequency is applied in deep-depth applications to expand the
main lobe ofa directivity function of ultrasound field, thereby
decreasing noise and artifacts in the needle frame. In this
embodiment, the ultrasound working frequency for needle
frame collection is set to be the lower 10.0 MHz. Besides, a
lower ultrasound working frequency in the deep-depth case
will also increase the ultrasound penetration of in vivo tissues
to the part or tissue target and the needle at a deeper position
in a patient’s body, and thus further enhance needle visual-
ization in the ultrasound image.

FIG. 6 illustrates a modularization block diagram of an
apparatus 600 for enhancing needle visualization in ultra-
sound imaging according to one embodiment of the present
invention.

The apparatus 600 comprises a setting module 602 for
setting a scanning depth corresponding to a depth of the part
or tissue target in a patient’s body; and a determining module
604 for automatically determining the needle frame steering
angle and ultrasound working frequency for needle frame
collection based on the set scanning depth. The shallower the
set scanning depth, the smaller the needle frame steering
angle for needle frame collection and the higher the ultra-
sound working frequency for needle frame collection. The
deeper the set scanning depth, the larger the needle frame
steering angle for needle frame collection and the lower the
ultrasound working frequency for needle frame collection.

The determining module 604 is configured to search for a
predefined needle frame steering angle and a predefined ultra-
sound working frequency corresponding to the set scanning
depth in a table stored by a memory 608 as the needle frame
steering angle and ultrasound working frequency for needle
frame collection. Specifically, the determining module 604 is
configured to use the predefined needle frame steering angle
and the predefined ultrasound working frequency corre-
sponding to the depth value equal or proximal to the set
scanning depth in the table as the needle frame steering angle
and the ultrasound working frequency for needle frame col-
lection.

The apparatus 600 optionally comprises an enhancing
module 606 for performing edge enhancement filtering on the
collected needle frame, wherein a nonzero coefficient, e.g., 1
but not limited to 1, is defined along the needle direction in a
filter kernel matching the needle frame steering angle for
needle frame collection.

The apparatus 600 may further comprise or communicate
with a memory 608 for storing a table necessary for deter-
mining the needle frame steering angle and the ultrasound
working frequency for needle frame collection based on the
set scanning depth. The table comprises a plurality of pre-
defined depth values, and a plurality of predefined needle
frame steering angles and a plurality of predefined ultrasound
working frequencies respectively corresponding to each of
the plurality of predefined depth values.

One or more modules in the apparatus 600 as shown in FIG.
6 can be implemented by software, hardware, firmware or
combination(s) thereof.

FIG. 7 is a schematic diagram illustrating another appara-
tus 700 for enhancing needle visualization in ultrasound
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imaging according to one embodiment of the present inven-
tion. As shown in the figure, the apparatus 700 comprises a
processing unit 702 such as MCU, DSP or CPU. The process-
ing unit 702 may comptrise one or more units to perform
different steps of the method in FIG. 1. The apparatus 700
may further comprise or communicate with a memory 704 for
storing the table mentioned above. The apparatus 700 option-
ally comprises an interface 706 for inputting a set scanning
depth and collected needle image data; and an output unit 708
for outputting processed needle image data.

The apparatus 600 or 700 for enhancing needle visualiza-
tion in ultrasound imaging according to the above embodi-
ments can be implemented by software, hardware, firmware
or combination(s) thereof in various ultrasound imaging sys-
tems.

FIG. 8A illustrates a needle enhancement image that is
obtained according to the prior techniques in shallow depth
applications; and FIG. 8B illustrates a needle enhancement
image that is obtained according to the technique of the
present invention in shallow depth applications. In the shal-
low depth applications, the scanning depth is set as 2 cm. As
shown in the figures, the needle visualization obtained
according to the technique of the present invention is remark-
ably enhanced as compared with the needle enhancement
image that is obtained according to the prior techniques.

FIG. 9A illustrates a needle enhancement image that is
obtained according to the prior techniques in deep depth
applications; and FIG. 9B illustrates a needle enhancement
image that is obtained according to the technique of the
present invention in deep depth applications. In the deep
depth applications, the scanning depth is set as 6 cm. As
shown in the figures, the needle visualization obtained
according to the technique of the present invention is remark-
ably enhanced as compared with the needle enhancement
image that is obtained according to the prior techniques.

The foregoing is a detailed description of the present inven-
tion by way of specific embodiments. However, specific
embodiments of the present invention should not be con-
strued as limited to the description. It will be appreciated by
those skilled in the art that various modifications, equivalent
substitutions, and changes may be made to the present dis-
closure. For example, the function may be achieved by divid-
ing one step or module in the above embodiments into two or
more steps or modules; or on the contrary, the functions of
two or more steps or modules in the above embodiments may
be achieved within one step or module. As long as the alter-
ations do not depart from the spirit of the present disclosure,
they should be considered within the protection scope of the
present invention. Besides, some terms in the description and
claims of the present application are not limitative but
descriptive. In addition, “one embodiment”, “another
embodiment” etc. used for many times above refer to differ-
ent embodiments, and can definitely be entirely or partly
incorporated in one embodiment.

The invention claimed is:

1. An apparatus for enhancing needle visualization in ultra-
soundimaging, the apparatus comprising:

a central processing unit; and

a memory comprising a table comprising entries for a

plurality of scanning depths, each of the entries in the

table comprising a pre-defined needle frame steering

angle and a pre-defined ultrasound working frequency;

the central processing unit configured to:

set a scanning depth corresponding to a depth of a tissue
target in a patient’s body; and

determine automatically a needle frame steering angle
and an ultrasound working frequency for needle
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frame collection based on the scanning depth as set
forth in the entries in the table.

2. The apparatus according to claim 1, wherein the central
processing unit is configured to perform edge enhancement
filtering on a collected needle frame.

3. The apparatus according to claim 2, wherein the central
processing unit is configured to execute a filter kernel that
matches the determined needle frame steering angle for
needle frame collection.

4. The apparatus according to claim 3, wherein the central
processing unit is configured to define a nonzero coefficient
along a needle direction in the filter kernel matching the
needle frame steering angle for needle frame collection.

5. The apparatus according to claim 1, wherein the central
processing unit is configured to determine the predefined
needle frame steering angle and predefined ultrasound work-
ing frequency by selecting one of the plurality of predefined
depth values that is proximal to the scanning depth.

6. The apparatus according to claim 1, wherein the central
processing unit is configured to determine a smaller needle
frame steering angle and higher ultrasound working fre-
quency for needle frame collection in a shallower scanning
depth.
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7. The apparatus according to claim 1, wherein the central
processing unit is configured to determine a larger the needle
frame steering angle lower ultrasound working frequency for
needle frame collection in a deeper scanning depth.

8. An ultrasound imaging system,comprising:

an apparatus for enhancing needle visualization in ultra-

sound imaging, the apparatus comprising:

a central processing unit; and

a memory comprising a table comprising entries for a

plurality of scanning depths, each of the entries in the

table comprising a pre-defined needle frame steering

angle and a pre-defined ultrasound working frequency;
the central processing unit configured to:

set a scanning depth corresponding to a depth of part ora
tissue target in a patient’s body; and

determine automatically a needle frame steering angle
and an ultrasound working frequency for needle
frame collection based on the scanning depth as set
forth in the entries in the table.

I S S T
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CERTIFICATE OF CORRECTION
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