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7) ABSTRACT

The ultrasound diagnostic apparatus, ultrasound image gen-
eration apparatus and method transmit ultrasound waves to a
subject into which a puncture tool is inserted, receive
reflected waves reflected from the subject and the puncture
tool, and generate echo signals of time-sequential frames
based on the received reflected waves, and generate an ultra-
sound image of the subject based on the generated echo
signals. These apparatus and method generate a differential
echo signal between time-sequential frames from the echo
signals, perform a tip detection process based on the differ-
ential echo signal to thereby detect at least one tip candidate
including a tip end of the puncture tool, highlight a tip can-
didate of the puncture tool detected to thereby generate a tip

Sep. 28,2010  (IP) 2010-216512 image, and display the tip image of the highlighted puncture
Sep. 28,2010 (IP) 2010-216764 tool so as to be superimposed on the generated ultrasound
Dec.9,2010  (JP) 2010-274872  image.
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ULTRASOUND DIAGNOSTIC SYSTEM,
ULTRASOUND IMAGE GENERATION
APPARATUS, AND ULTRASOUND IMAGE
GENERATION METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus, an ultrasound image generation apparatus,
and an ultrasound image generation method. More particu-
larly, the invention relates to an ultrasound diagnostic appa-
ratus, an ultrasound image generation apparatus, and an ultra-
sound image generation method used when displaying a
puncture tool on a screen together with body tissues, specifi-
cally when displaying the tip end of a puncture tool such as a
puncture needle in an ultrasound image in an accurate and
appropriate manner when performing paracentesis.

[0002] In medical fields, an ultrasound image generation
apparatus for generating ultrasound images and an ultrasound
diagnostic apparatus using the generated ultrasound images
have been put into practical use and are used widely for
diagnosis and examination. In general, this kind of ultrasound
image generation apparatus and ultrasound diagnostic appa-
ratus (hereinafter referred collectively to as an ultrasound
diagnostic apparatus) includes an ultrasound probe including
an array of vibrators therein and a diagnostic apparatus main
body connected to the ultrasound probe. In the ultrasound
diagnostic apparatus, the ultrasound probe transmits ultra-
sound waves toward a subject to be examined, that is to say, a
patient to thereby irradiate the patient with the ultrasound
waves. Then, the ultrasound probe receives echoes (reflection
sound) of the ultrasound waves reflected from the patient,
namely signals (hereinafter referred to as echo signals) origi-
nating from ultrasound echoes from the subject. The received
echo signals are electrically processed by the diagnostic
apparatus main body whereby ultrasound tomographic
images of the patient, called ultrasound images are generated
and displayed on a monitor or the like.

[0003] Moreover, the ultrasound diagnostic apparatus is
also used when a physician performs a paracentesis which
involves inserting a puncture tool, for example, a puncture
needle, in a desired site to collect a tissue sample for the
purpose of diagnosing cell tissues.

[0004] In the paracentesis, it is important to enable the
puncture needle to be observed on a monitor, namely as an
image and to allow the puncture needle to reach a target
object. To allow the puncture needle to certainly reach a target
object or a target site, the physician inserts the puncture
needle along a predetermined insertion path (a path along
which the puncture needle is inserted within the body of a
patient) while observing ultrasound images. Moreover, when
establishing a definitive cancer diagnosis such as cell tissue
diagnosis based on biopsy or the like, it is also important to
capture and store an image in which the puncture needle is
inserted into a target object as an evidence image.

[0005] When performing such paracentesis, it is necessary
to allow the puncture needle to reach a treatment target such
as a target site or a target object and to perform drainage of
excess fluid from the treatment target or perform injection
(PEIT) of a substance to the treatment target. Thus, it is
important to observe the puncture needle, particularly, the tip
end thereof, on a monitor (ultrasound image) in a reliable,
accurate, and appropriate manner.

[0006] To solve this problem, according to an ultrasound
imaging technique disclosed in Patent Document 1 (IP

Mar. 29,2012

4030644 B), in order to detect the accurate tip position of a
puncture needle inserted into a subject to be examined, the
puncture needle is inserted while being mechanically
vibrated by a vibration imparting mechanism attached to the
base end thereof, whereby a Doppler image of the puncture
needle is obtained based on a Doppler signal and displayed so
as to be superimposed on a B-mode image to thereby obtain
the image of the puncture needle.

[0007] According to an ultrasound diagnostic apparatus
disclosed in Patent Document 2 (JP 2001-269339 A), B-mode
ultrasound tomographic image frame data obtained by an
ultrasound probe are stored in a memory, a difference
between the previous frame data and the presently obtained
frame data is calculated to obtain a spatial variation as digital
data, and the digital data is added to the presently obtained
frame data, whereby a desired puncture needle image is dis-
played in a B-mode ultrasound image. As a result, the tech-
nique of Patent Document 2 can display a clear puncture
needle image based on only the B-mode ultrasound tomo-
graphic image frame data without using the vibration impart-
ing mechanism and Doppler-mode processing which were
necessary in the ultrasound imaging technique disclosed in
Patent Document 1.

[0008] According to an ultrasound-guided puncture system
disclosed in Patent Document 3 (JP 2000-107178 A), signals
received by an ultrasound probe, transmitted from a subject to
be examined into which a puncture needle is inserted are
processed to generate B-mode image signals, and a B-mode
ultrasound tomographic image is displayed on a display
device based on the B-mode image signals. Moreover, a por-
tion which has a higher luminance than the ultrasound image
being displayed and in which the luminance varies abruptly is
extracted and colored, and the colored extracted portion is
displayed so as to be superimposed on an updated ultrasound
tomographic image. As a result, the technique of Patent Docu-
ment 3 can provide an inexpensive ultrasound-guided punc-
ture system capable of performing treatment and examination
in a reliable and satisfactory manner without missing the tip
position of a puncture needle inserted once into a patient.
[0009] Moreover, Patent Document 4 (JP 2006-346477 A)
discloses an ultrasound diagnostic apparatus as an apparatus
for displaying a puncture guide line serving as a guide for
inserting a puncture needle, in which an advancing angle of
the puncture needle is calculated from a linear ultrasound
echo signal of a predetermined length or longer, and a punc-
ture guide line corresponding to the advancing angle is dis-
played so as to be superimposed on a B-mode image which is
an ultrasound image generated from echo signals.

[0010] Furthermore, Patent Document 5 (JP 8-299344 A)
discloses an ultrasound diagnostic apparatus in which the
amount of shift between an insertion path along which a
puncture needle is inserted and a predetermined puncture
guide line is detected, and the guide line is moved from a
reference trajectory corresponding to a reference position of
the puncture needle so as to match the ultrasound image of the
puncture needle with the guide line to thereby display a cor-
rected puncture guide line.

[0011] Inparacentesis, since the burden on a patient and the
degree of invasiveness decrease as the puncture needle
becomes narrower, a puncture needle which is as narrow as
possible is used depending on a risk or the like. However, as
the puncture needle becomes narrower, the ability to draw it
on an ultrasound image also decreases, and the puncture
needle is displayed in a disconnected manner.
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[0012] To solve this problem, Patent Document 6 (JP 2006-
320378 A) discloses an ultrasound diagnostic apparatus in
which a plurality of images are acquired by irradiating ultra-
sound waves in a direction where strong echo signals are
obtained, and the images are combined and displayed so as to
suppress a puncture needle from being displayed in a discon-
nected manner. Moreover, Patent Document 7 (JP 2007-
222264 A) discloses an ultrasound diagnostic apparatus
which displays a clear image of a tissue structure while sup-
pressing speckles by adaptively changing image processing
conditions in accordance with a local property of the tissue.

SUMMARY OF THE INVENTION

[0013] However, in the technique disclosed in Patent Docu-
ment 1, a special mechanism for mechanically vibrating the
puncture needle is needed, which increases the size and cost
of an apparatus. Moreover, when performing ultrasound-
guided central venous puncture, there is a problem in that it is
difficult to separate the Doppler signal from blood vessels and
the Doppler signal from the puncture needle.

[0014] Here, in paracentesis, since the burden on a patient
and the degree of invasiveness decrease as the puncture
needle becomes narrower, a puncture needle which is as nar-
row as possible is used depending on the risks or the like.
However, as the puncture needle becomes narrower, the abil-
ity to draw it on an ultrasound image also decreases, and the
puncture needle is displayed in a disconnected manner. Thus,
there is a problem in that it is difficult to display the position
or shape of the puncture needle precisely.

[0015] Moreover, in the technique disclosed in Patent
Document 2, it is described that it is possible to solve the
problem associated with the technique disclosed in Patent
Document 1 and display a clear puncture needle image based
on only the B-mode ultrasound tomographic image frame
data.

[0016] However, as described above, when a narrow punc-
ture needle is used, the B-mode ultrasound tomographic
image frame data itself is data with which it is difficult to
display the position or shape of the puncture needle precisely.
Thus, there is a problem in that it is difficult to obtain accurate
spatial variation data caused by insertion of the puncture
needle from the differential data and to obtain an accurate
puncture needle image.

[0017] Furthermore, when inserting a puncture needle into
a subject to be examined such as a patient or the like, the
spatial variation may occur not only when only the position or
shape ofthe puncture needle varies spatially but also when the
subject moves with the movement of a patient or the like or
when the position or shape of the subject itself varies with
insertion of the puncture needle. In this case, the differential
data in Patent Document 2 includes spatial variation data
associated with not only the insertion of the puncture needle
but also the movement of the subject or a variation in the
subject itself. Thus, there is a problem in that it is difficult to
separate only the spatial variation data associated with the
insertion of the puncture needle and to separate only the
puncture needle image. Moreover, since the B-mode ultra-
sound tomographic image frame data itself includes noise, the
differential data also includes data resulting from noise. Thus,
there is a problem in that unless a process of separating data
resulting from noise is performed, it is difficult to obtain only
the puncture needle image.

[0018] Furthermore, in the technique disclosed in Patent
Document 3, similarly to the technique disclosed in Patent
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Document 2, the latest image data is compared with image
data one frame before to extract a varying portion in the high
luminance portion of the ultrasound tomographic image, and
the extracted portion is colored and displayed as the tip end
portion of the puncture needle. However, in some cases, the
varying portion of the high luminance portion may be present
not only as a variation in the high luminance portion caused
by the insertion of the puncture needle but also as a variation
in the high luminance portion caused by the movement of the
subject, a variation in the subject itself, or noise. In this case,
there is a problem in that it is difficult to separate only the
movement of the tip end portion of the puncture needle
caused by the insertion and to separate only the tip end portion
of the puncture needle.

[0019] Moreover, in the technique disclosed in Patent
Document 3, although the high luminance portion of the
ultrasound tomographic image is a puncture needle, it is
difficult to determine which high luminance portion corre-
sponds to the puncture needle. As described above, when a
narrow puncture needle is used, there is a problem in that it is
difficult to extract only a high luminance portion correspond-
ing to the puncture needle within an ultrasound tomographic
imagein which it is difficult to display the position or shape of
the puncture needle precisely.

[0020] However, in the ultrasound diagnostic apparatus of
the related art, there is a problem in that it is difficult to draw
a puncture needle on an ultrasound image, and the puncture
needle is displayed in a disconnected manner, so that the
accurate position of the puncture needle is not clear. Various
reasons can be considered as the cause of this problem. For
example, this problem may be caused due to the fact that since
the puncture needle has a smooth surface, and scattering of
ultrasound waves barely occurs, the intensity of echoes
returning to a probe from the puncture needle which is
inserted obliquely with respect to the direction of irradiating
ultrasound waves decreases.

[0021] Moreover, the ultrasound diagnostic apparatuses
disclosed in Patent Documents 4 and 5 are designed to display
the puncture guide line but do not address the problem in
which the puncture needle is drawn in a disconnected manner.
In particular, the ultrasound diagnostic apparatus of Patent
Document 4 does not have a function of correcting the ultra-
sound image ofthe puncture needle and the guide line, and the
ultrasound diagnostic apparatus of Patent Document 5 does
not have a function of updating a reference position. Thus,
even when the puncture guide line is displayed, the puncture
needle may be bent when inserting it into a stiff tissue, and
thus, the puncture needle may not be drawn along the punc-
ture guide line. Moreover, although both ultrasound diagnos-
tic apparatuses display the guide line of the insertion path,
none of'the systems takes a case of storing an evidence image
into consideration and suggests which luminance on the ultra-
sound image corresponds to a luminance indicative of the
puncture needle.

[0022] Furthermore, although the ultrasound diagnostic
apparatus disclosed in Patent Document 6 can display the
puncture needle in a smoothly connected manner to some
extent, there is a problem in that if the disconnected portions
of the puncture needle in a plurality of images to be combined
occur at the same position of the images, it is difficult to
eliminate the disconnection even when the images are com-
bined. Moreover, when puncturing into a stifftissue, since the
puncture needle is likely to be bent, and strong echo signals
may not always be received, there is a problem in that the
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technique disclosed in Patent Document 6 is difficult to use.
Furthermore, in the ultrasound diagnostic apparatus of Patent
Document 7, when the puncture needle is drawn in a discon-
nected manner in a state where the luminance thereofis lower
than that of other tissues, although it is possible to display the
tissue structure precisely, there is a problem in that it is
difficult to display the position or shape of the puncture
needle precisely.

[0023] The invention has been made in view of the above
problems, and a first object of the invention is to solve the
problems of the related art and to provide an ultrasound
diagnostic apparatus and an ultrasound image generation
method capable of displaying the tip end of a puncture tool on
an ultrasound image in an accurate, appropriate, and easily
visible manner without using a special tool for mechanically
vibrating the puncture tool such as a puncture needle and
Doppler-mode processing when performing paracentesis.
[0024] A second object of the invention is to provide an
ultrasound image generation apparatus and an ultrasound
image generation method capable of generating an image for
presenting users with the position of a puncture tool such as a
puncture needle in an accurate and reliable manner.

[0025] A third object of the invention is to provide an ultra-
sound image generation apparatus and an ultrasound image
generation method capable of generating an ultrasound image
in which a puncture tool is displayed to be easily visible to
users.

[0026] According to a first aspect of the invention, it is
possible to display the tip end of a puncture tool on an ultra-
sound image in an accurate, appropriate, and easily visible
manner without using a special tool for mechanically vibrat-
ing the puncture tool such as a puncture needle and Doppler-
mode processing when performing paracentesis.

[0027] As a result, according to this aspect, even when a
puncture tool such as a narrow puncture needle is used, it is
possible to enable the tip end of the puncture tool to reach a
target site in a reliable manner.

[0028] According to a second aspect of the invention, it is
possible to generate an image for presenting users with the
position of a puncture tool such as a puncture needle in an
accurate and reliable manner and to specify the accurate
position of a puncture tool such as a puncture needle in a
reliable manner.

[0029] Moreover, according to this aspect, it is possible to
detect feature points on a puncture needle which is a puncture
tool and to connect these feature points into a line such as a
straight line or a curve. Thus, even when the puncture needle
is displayed in a disconnected manner, the connection of the
puncture needle can be made easily understood.

[0030] Furthermore, according to this aspect, the line of a
puncture needle which is a puncture tool can be corrected in
a time-sequential manner. Thus, even when an insertion path
changes due to bending of the puncture needle, the presence
of stiff tissues, shift of a probe, or the like, it is possible to
draw the line of the puncture needle with high precision.
[0031] Furthermore, according to this aspect, the connected
line can be displayed with gradation by referencing the lumi-
nance of an ultrasound image. Thus, the connection of the
puncture needle which is a puncture tool can be made easily
understood while displaying the puncture needle with the
luminance information of the ultrasound image.

[0032] According to a third aspect of the invention, it is
possible to generate an ultrasound image in which a puncture
tool is displayed to be easily visible to users.
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[0033] Moreover, according to this aspect, it is possible to
apply a puncture tool enhancement processing in accordance
with the shape or insertion angle of the puncture tool.
[0034] Furthermore, according to this aspect, the precision
of the puncture tool enhancement processing can be increased
by applying preprocessing such as speckle removal.

[0035] Furthermore, according to this aspect, a process for
enhancing the line of the puncture tool such as a puncture
needle can be applied after the puncture tool enhancement
filter is applied.

[0036] Furthermore, according to this aspect, preprocess-
ing for removing a layer structure other than the puncture tool
such as a puncture needle can be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 1s a block diagram schematically showing a
configuration of an embodiment of an ultrasound diagnostic
apparatus according to a first aspect of the invention.

[0038] FIG. 2is a block diagram showing the details of an
example of a puncture needle tip detector of a combined
image generator of the ultrasound diagnostic apparatus
shown in FIG. 1.

[0039] FIG. 3isaview showing an example ofa differential
image obtained by a differential image generator of the com-
bined image generator of the ultrasound diagnostic apparatus
shown in FIG. 1.

[0040] FIG. 4 is a view showing an example of an ultra-
sound image showing an insertion trajectory of a puncture
needle.

[0041] FIGS.5A and 5B are views showing an example of
a differential image used by the puncture needle tip detector
shown in FIG. 2 and an example of a tip enhancement filter
applied to the differential image, respectively.

[0042] FIG. 6is a block diagram showing an example of a
time-sequential frame differential image generator of the
combined image generator shown in FIG. 1.

[0043] FIG. 7 is a functional block diagram showing an
example of a puncture needle processor of the time-sequen-
tial frame differential image generator shown in FIG. 6.
[0044] FIGS. 8A, 8B, and 8C are views showing an
example of one frame of ultrasound image processed by a
filter application processor of the puncture needle processor
shown in FIG. 7, an example of a puncture needle enhance-
ment filter applied, and an example of a puncture needle
enhanced ultrasound image after processing, respectively.
[0045] FIG. 9 is a functional block diagram showing
another example of the puncture needle processor of the
time-sequential frame differential image generator shown in
FIG. 6.

[0046] FIG. 10 is a functional block diagram showing a
detailed configuration of a puncture needle region specifying
unit and a puncture needle tip position specifying unit of the
puncture needle processor shown in FIG. 9.

[0047] FIG. 11A shows an example of a B-mode image of
the invention, FIG. 11B shows an example of an edge image
obtained after performing threshold processing on the
B-mode image shown in FIG. 11A, FIG. 11C shows an
example of an edge image in which a line specified through
Hough transform is displayed so as to be superimposed on the
edge image shown in FIG. 11B, and FIG. 11D shows an
example of an edge image in which a puncture needle pres-
ence region is displayed so as to be superimposed on the edge
image shown in FIG. 11C.
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[0048] FIG.12A is a schematic diagram showing a method
of specifying a tip position in the puncture needle presence
region shown in FIG. 11D, and FIG. 12B is a schematic
diagram showing a line which connects the tip position of the
puncture needle specified by the method of FIG. 12A and the
starting point of the puncture needle.

[0049] FIG. 13 is a flowchart showing an example of main
parts of an ultrasound image generation method according to
the first aspect of the invention.

[0050] FIGS. 14A and 14B are examples of two time-se-
quential frames of ultrasound images, FIG. 14C shows a
differential image of the ultrasound images shown in FIGS.
14A and 14B, FIG. 14D shows an example of a tip enhance-
ment filter for lookup table processing (LUT processing) to
be applied to the differential image shown in FIG. 14C, and
FIG. 14E shows an example of a LUT processed image of the
differential image shown in F1G. 14C.

[0051] FIG. 15 is a view showing an example of a Gaussian
filter used as the base that determines a filter coefficient of the
tip enhancement filter shown in FIG. 14D.

[0052] FIG. 16 is a view showing an example of the distri-
bution of tip candidate points of a puncture needle after bina-
rization of the differential image shown in FIG. 14C.

[0053] FIG. 17 is a flowchart showing another example of
main parts of the ultrasound image generation method
according to the first aspect of the invention.

[0054] FIG. 18 is a block diagram schematically showing a
configuration of another embodiment of a diagnostic appara-
tus main body of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

[0055] FIG.191is a functional block diagram schematically
showing a configuration of an embodiment of an ultrasound
image generation apparatus according to a second aspect of
the invention.

[0056] FIG. 20 is a flowchart showing an example of the
flow of a series of processes related to an operation of dis-
playing a puncture needle image so as to be superimposed on
an ultrasound image in an ultrasound image generation
method according to the second aspect of the invention.
[0057] FIG. 21 is a flowchart showing an example of the
flow of a process of extracting puncture needle candidate
points in the ultrasound image generation method shown in
FIG. 20.

[0058] FIG. 22A is a schematic view showing an example
of a puncture guide line within a B-mode image,

[0059] FIG. 22B is a schematic view showing an example
of a predicted insertion region when a predicted insertion
region is set to a narrow range,

[0060] FIG. 22C is a schematic view showing an example
of a predicted insertion region when a predicted insertion
region is set to an average range, and

[0061] FIG. 22D is a schematic view showing an example
of a predicted insertion region when a predicted insertion
region is set to a wide range.

[0062] FIG. 23 is a schematic view showing an example of
a region of interest within a B-mode image.

[0063] FIG. 24A is a view of a B-mode image on which a
line representing a puncture needle is displayed in a superim-
posed manner,

[0064] FIG. 24B is a view of a B-mode image on which a
line representing a puncture needle is displayed semitrans-
parently in a superimposed manner,
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[0065] FIG. 24C is a view of a B-mode image on which
needle candidate points are colored and displayed in a supet-
imposed manner, and

[0066] FIG. 24D is a view of a B-mode image on which the
outline of a puncture needle is displayed in a superimposed
manner.

[0067] FIG. 25A is a view showing a case of determining a
predicted insertion region based on past three tip positions of
a puncture needle, and

[0068] FIG. 25B is a view showing a case of determining a
predicted insertion region based on past four tip positions of
a puncture needle.

[0069] FIG. 26A is a view of a puncture needle presence
region created by vertically expanding a puncture needle
candidate line by the same width,

[0070] FIG. 26B is a view of a puncture needle presence
region shifted upward,

[0071] FIG. 26C is a view of a puncture needle presence
region shifted downward, and

[0072] FIG. 26D shows a case where the slope of a puncture
needle candidate line is different from the slope of a puncture
needle presence region.

[0073] FIG. 27 is a functional block diagram of an embodi-
ment of an ultrasound image generation apparatus according
to a third aspect of the invention.

[0074] FIG. 28 is a functional block diagram showing a
detailed configuration of a puncture tool enhancement data
generator of the ultrasound image generation apparatus
shown in FIG. 27.

[0075] FIG. 29 is a flowchart showing an example of an
operation of the ultrasound image generation apparatus
according to the third aspect of the invention and an example
of the ultrasound image generation method according to the
invention.

[0076] FIG. 30 is a flowchart showing the details of a step of
generating puncture tool enhancement data in the ultrasound
image generation method shown in FIG. 29.

[0077] FIG. 31A shows an example of a puncture tool
enhancement filter according to a first embodiment of the
present aspect when an insertion angle is 10°,

[0078] FIG. 31B is an enlarged view of a region in which a
puncture needle is disconnected within a B-mode image, and
[0079] FIG. 31C shows an example of a puncture tool
enhancement filter according to the first embodiment when an
insertion angle is 30°.

[0080] FIG. 32A shows filter coefficients which are uni-
formly allocated to respective elements, and

[0081] FIG. 32B shows filter coefficients of a Gaussian
filter.
[0082] FIG. 33A shows an example of an ultrasound image

before a puncture tool enhancement processing, and

[0083] FIG. 33B shows a combined ultrasound image after
a puncture tool enhancement processing.

[0084] FIG. 34 shows an example of a puncture tool
enhancement filter according to a second embodiment when
an insertion angle is 10°.

[0085] FIG. 35A shows an example of an ultrasound image
before a puncture tool enhancement processing, and

[0086] FIG. 35B shows a combined ultrasound image after
a puncture tool enhancement processing.

[0087] FIG. 36 is a functional block diagram of another
embodiment of the ultrasound image generation apparatus
according to the third aspect of the invention.
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[0088] FIG. 37 is a functional block diagram showing a
detailed configuration of a puncture tool enhancement data
generator of the ultrasound image generation apparatus
shown in FIG. 36.

[0089] FIG. 38 shows an example of an ultrasound image
rotated so that an image representing a puncture tool becomes
horizontal.

[0090] FIG. 39 is a view showing an example of a Gaussian
filter serving as the base that determines a filter coefficient of
the puncture tool enhancement filter according to a third
embodiment of the present aspect.

DETAILED DESCRIPTION OF THE INVENTION

[0091] An uvltrasound diagnostic apparatus, an ultrasound
image generation apparatus, and an ultrasound image genera-
tion method according to the invention will be described in
detail based on preferred embodiments shown in the accom-
panying drawings.

[0092] FIG. 1is a block diagram schematically showing a
configuration of an embodiment of an ultrasound diagnostic
apparatus according to a first aspect of the invention, which
performs an ultrasound image generation method according
to the first aspect of the invention. FIG. 2 is a block diagram
showing the details of an embodiment of a puncture needle tip
detector of a combined image generator of the ultrasound
diagnostic apparatus shown in FIG. 1.

[0093] An ultrasound diagnostic apparatus 10 of the
present aspect is an apparatus which irradiates (transmits)
ultrasound waves to a subject to be examined, in particular,
the subject into which a puncture tool (not shown) such as a
puncture needleisinserted, generates and displays ultrasound
images obtained by receiving ultrasound waves (echoes)
reflected from the subject and the puncture tool, in particular,
ultrasound images in which the tip end portion of the puncture
tool is combined, and provides the ultrasound images for
diagnosis of ultrasound images. The ultrasound diagnostic
apparatus 10 includes an ultrasound probe 12 and a diagnostic
apparatus main body 14 to which the ultrasound probe 12 is
connected. In the following description, although a puncture
needle is described as a representative example of the punc-
ture tool, the puncture tool is not limited to this.

[0094] The ultrasound probe 12 is also called a probe and
used by being pressed against a subject to be examined. The
ultrasound probe 12 is configured to transmit and receive
ultrasound waves and output received echo signals to the
diagnostic apparatus main body 14 and includes a probe body
16, a communication cable 18, and a puncture adapter 20.
[0095] The probe body 16 is a transducer which converts
electrical signals into ultrasound waves to irradiate (transmit)
the ultrasound waves and receives ultrasound waves reflected
from the subject to convert the ultrasound waves into electri-
cal signals (echo signals). Basically, the probe body 16 is a
known ultrasound probe and may be any scanning-type ultra-
sound probe of such as, for example, a linear scanning type, a
convex scanning type, or a sector scanning type.

[0096] A detailed configuration of the probe body 16 will
be described later.

[0097] The probe body 16 includes an ultrasound wave
transceiving surface (not shown) for transmitting and receiv-
ing ultrasound waves. The communication cable 18 is con-
nected to a surface of the probe body 16 opposite to the
ultrasound wave transceiving surface, and the puncture
adapter 20 is disposed on a side surface of the ultrasound
wave transceiving surface.
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[0098] The communication cable 18 is configured to trans-
mit the echo signals from the probe body 16 to the diagnostic
apparatus main body 14.

[0099] The puncture adapter 20 serves as a guide for insert-
ing a puncture tool such as a puncture needle into a subject to
be examined when performing paracentesis using the ultra-
sound diagnostic apparatus 10. A guide groove (not shown)
for inserting the puncture needle into the subject at a prede-
termined angle is formed in the puncture adapter 20, and the
puncture needle is inserted along the guide groove whereby it
is inserted into the subject at a predetermined angle. That is,
the angle (hereinafter referred to as an insertion angle) at
which the puncture needle is inserted into the subject is deter-
mined by the angle of the guide groove of the puncture
adapter 20 with respect to the subject. The guide groove ofthe
puncture adapter 20 is configured to be able to change the
angle with respect to the subject and to adjust the insertion
angle.

[0100] The puncture adapter 20 is preferably connected
physically and electrically to the probe body 16. In this case,
it is possible to store information on the insertion angle in the
puncture adapter 20. When the puncture adapter 20 is physi-
cally connected to the probe body 16, it is possible to output
asignal representing the insertion angle to the probe body 16
since the puncture adapter 20 is also electrically connected to
the probe body 16. Moreover, whenever the angle of the
groove with respect to the subject changes, the puncture
adapter 20 is capable of outputting the signal representing the
present insertion angle to the probe body 16.

[0101] As shown in FIG. 1, the probe body 16 includes a
plurality of ultrasound transducers 34, a plurality of reception
signal processors 36, a transmission driver 38, a transmission
controller 40, a reception controller 42, and a probe controller
44.

[0102] The plurality of ultrasound transducers 34 form a
1D or 2D array of vibrators, and each of the plurality of
reception signal processors 36 is connected so as to corre-
spondto each of the plurality of transducers 34. Moreover, the
transmission controller 40 is connected to the plurality of
transducers 34 through the transmission driver 38, the recep-
tion controller 42 is connected to the plurality of reception
signal processors 36, and the transmission controller 40 and
the reception controller 42 are connected to the probe con-
troller 44.

[0103] Moreover, the reception signal processors 36 are
connected to a data storage unit 46 of the diagnostic apparatus
main body 14 through the communication cable, and the
probe controller 44 is connected to a main body controller 54
through the communication cable.

[0104] Each of the plurality of transducers 34 transmits
ultrasound waves toward the subject in accordance with a
driving signal supplied from the transmission driver 38,
receives ultrasound echoes from the subject, and outputs the
reception signals. Each transducer 34 is formed of a vibrator
in which an electrode is formed on both ends of a piezoelec-
tric body that is formed of piezoelectric ceramics represented
by PZT (lead zirconate titanate) or a polymer piezoelectric
element represented by PVDF (polyvinylidene fluoride), for
example.

[0105] When apulsating or continuous voltage is applied to
the electrodes of each vibrator, the piezoelectric body of the
vibrator expands and contracts, pulsating or continuous ultra-
sound waves are generated from each vibrator, and an ultra-
sound beam is formed by the combination of these ultrasound
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waves. Moreover, each vibrator receives a propagating ultra-
sound wave and expands and contracts to generate electrical
signals, and these electrical signals are output as reception
signals of ultrasound waves.

[0106] The transmission driver 38 includes a plurality of
pulsers each generating a high-voltage electrical signal serv-
ing as a driving signal for generating ultrasound waves, for
example. The transmission driver 38 supplies the driving
signals to the plurality of transducers 34 by adjusting the
amount of delay thereof based on a transmission delay pattern
selected by the transmission controller 40 so that the ultra-
sound waves transmitted from the plurality of transducers 34
form an ultrasound beam having a large width covering the
area of tissues within the subject.

[0107] The reception signal processor 36 of each channel
performs various processing on the reception signal output
from the corresponding transducer 34 under the control of the
reception controller 42 to thereby generate a complex base-
band signal. The processing includes amplification by an
amplifier, rejection of high-frequency components by a low-
pass filter, A/D conversion by an A/D converter, and quadra-
ture detection or quadrature sampling. The reception signal
processor 36 samples the complex baseband signal to thereby
generate sample data including information on the area of
tissues. The reception signal processor 36 may perform data
compression processing for high-efficiency encoding on the
data obtained by sampling the complex baseband signal to
thereby generate the sample data.

[0108] In this specification, signals may be used as those
which mainly represent signal levels (signal values) in hard-
ware, and data may be used as those which are processed by
software and represent magnitude (data values).

[0109] The probe controller 44 controls respective parts of
the probe body 16 based on various control signals transmit-
ted from the diagnostic apparatus main body 14.

[0110] As shown in FIG. 1, the diagnostic apparatus main
body 14 includes the data storage unit 46, a combined image
generator 48, a display controller 50, a display unit 52, the
main body controller 54, an operation unit 56, and a storage
unit 58.

[0111] In the diagnostic apparatus main body 14, the data
storage unit 46 is connected to the combined image generator
48 and the plurality of reception signal processors 36 of the
probe body 16. The combined image generator 48 is con-
nected to the display unit 52 through the display controller 50.
The main body controller 54 is connected to the combined
image generator 48 and the display controller 50. Moreover,
the main body controller 54 is connected to the operation unit
56 and the storage unit 58.

[0112] The data storage unit 46 is formed of a memory, a
hard disk, or the like, and stores at least one frame of sample
data which are time-sequentially transmitted from the recep-
tion signal processors 36 of the ultrasound probe 12 through
the communication cable 18.

[0113] The combined image generator 48 performs recep-
tion focusing processing on sample data of each frame read
from the data storage unit 46 to thereby generate image data
(B-mode image data or signal) of an ultrasound image which
is a B-mode image of one frame. In particular, the combined
image generator 48 generates image data (image signal) of an
ultrasound diagnostic image such as a combined ultrasound
image in which a tip image which is the image of a high-
lighted puncture needle tip is combined. Here, the B-mode
image data is so-called ultrasound image data and means
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image data which represents the amplitude of an acoustic-ray
signal by luminance, and the B-mode image means a so-
called ultrasound image.

[0114] In this specification, since an image can be consid-
ered as a collection of image data or image signals of respec-
tive pixels, a collection of image data or image signals repre-
senting an image is also simply referred to as an image.
[0115] The details ofthe combined image generator 48 will
be described later.

[0116] Thedisplay controller 50 performs control based on
the ultrasound image signal generated by the combined image
generator 48 so as to cause the display unit 52 to display an
ultrasound image, in particular, an ultrasound diagnostic
image in which the puncture needle tip is highlighted. The
display controller 50 includes a DSC (Digital Scan Con-
verter). In the display controller 50, the DSC converts (ras-
terizes) the ultrasound image signal into an image signal
corresponding to a general television signal scanning format
and performs necessary image processing such as gradation
processing to thereby convert the rasterized image signal into
a display image signal for display on the display unit 52.
[0117] The display unit 52 displays an ultrasound image
based on the display image signal converted by the display
controller 50, and includes a display device or a monitor such
as an LCD, for example. The display unit 52 displays the
highlighted tip end portion of the puncture needle so as to be
superimposed on the ultrasound image under the control of
the display controller 50.

[0118] The operation unit 56 enables an operator to input
instructions for operating the ultrasound diagnostic apparatus
10 and is a unit that sets imaging menus, imaging conditions,
and the like and instructs imaging of a subject to be examined.
The operation unit 56 includes various input means such as
input keys, dial buttons, a trackball, a touch panel, and the like
for setting imaging menus, imaging conditions, and the like.
[0119] Moreover, the operation unit 56 also has a function
of inputting and setting the position ofa target (target site) and
inputting instructions regarding the settings on an insertion
angle. Furthermore, the operation unit 56 may also include a
function of inputting instructions regarding an insertion posi-
tion of a puncture needle. The operation unit 56 supplies the
input instructions regarding the settings on the target position,
the insertion angle, and the insertion position to the main
body controller 54.

[0120] The main body controller 54 controls the respective
parts within the diagnostic apparatus main body 14 including
the combined image generator 48 and the display controller
50. The main body controller 54 is connected to the probe
controller 44 of the probe body 16 through the communica-
tion cable 18 and supplies a control signal for controlling the
operation of the probe body 16 to the probe controller 44.
[0121] The storage unit 58 is formed of a memory, a hard
disk, or the like, and stores an operation program for operat-
ing the respective parts within the diagnostic apparatus main
body 14 including the combined image generator 48 and the
display controller 50 which are controlled by the main body
controller 54. The main body controller 54 reads the opera-
tion program for operating the respective parts within the
diagnostic apparatus main body 14 from the storage unit 58 as
necessary and operates the respective parts within the diag-
nostic apparatus main body 14 in accordance with the read
operation program.

[0122] The combined image generator 48 includes an
image generator 64, a time-sequential frame image storage
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unit (hereinafter also referred to simply as an image storage
unit) 66, a time-sequential frame differential image generator
(hereinafter also referred to simply as a differential image
generator) 68, a puncture needle tip detector (hereinafter also
referred to simply as a tip detector) 70, and an image com-
biner 72.

[0123] The image generator 64 generates a B-mode image
signal which is tomographic image information from the
sample data of each frame read from the data storage unit 46
and includes a phasing addition unit 60 and an image proces-
sor 62.

[0124] The phasing addition unit 60 selects one reception
delay pattern from a plurality of reception delay patterns
stored in advance in accordance with a reception direction set
in the main body controller 54, gives respective delays to the
plurality of complex baseband signals represented by the
sample data of each frame read from the data storage unit 46
based on the selected reception delay pattern, and adds (phas-
ing addition) the complex baseband signals after matching
phases, thereby performing reception focusing processing
(beam forming). By the reception focusing processing in the
phasing addition unit 60, a baseband signal (acoustic-ray
signal) in which ultrasound echoes are well focused is gen-
erated for each frame, that is, a so-called echo signal of each
frame is generated.

[0125] The image processor 62 generates a B-mode image
signal which is tomographic image information on a tissue
within a subject to be examined based on the echo signal
(acoustic-ray signal) of each frame generated by the phasing
addition unit 60. The image processor 62 includes a band-
pass filter, a high-frequency amplifier including a STC (Sen-
sitivity Time Control) unit, a logarithmic amplifier, a lumi-
nance converter, and the like.

[0126] Here, the band-pass filter varies a pass band in
accordance with a propagation time of an ultrasound echo to
improve the S/N ratio. The STC unit of the high-frequency
amplifier controls an amplification gain in accordance with
the propagation time to correct attenuation of the echo signal
(acoustic-ray signal) based on a distance in accordance with
the depth of the reflection position of the ultrasound wave.
The logarithmic amplifier amplifies the echo signal by limit-
ing a variation range of the amplitude which varies over a
wide range. The luminance converter converts the amplitude
into luminance to thereby generate a B-mode image signal for
each frame which is tomographic image information, and
which makes the echo signal displayed as one luminance-
modulated emission line.

[0127] The time-sequential frame image storage unit 66 is
a memory that time-sequentially stores the B-mode image
signals representing images of a plurality of frames as time-
sequential frame images. The time-sequential frame image
storage unit 66 is formed of a memory, a hard disk, or the like,
similarly to the data storage unit 46.

[0128] The time-sequential frame differential image gen-
erator 68 calculates a difference between two time-sequential
frame images (B-mode image signals) stored in the image
storage unit 66 to thereby generate a differential image (dif-
ferential image signal).

[0129] A preferred detailed configuration of the differential
image generator 68 will be described later.

[0130] The puncture needle tip detector 70 which is the
most characteristic portion of the first aspect of the invention
performs a process of detecting a tip end from the differential
image generated by the differential image generator 68. For
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example, the puncture needle tip detector 70 detects at least
one tip candidate including a puncture needle tip using a
difference in luminance of respective pixels of the differential
image, highlights the detected tip candidates, and generates a
highlighted tip image.

[0131] In the tip detector 70, as shown in FIG. 3, when a
puncture needle 162 which is inserted is generated in a dif-
ferential image 160, since the amount of displacement of a tip
end 164 ofthe puncture needle 162 is obtained as a difference,
it is possible to detect only the tip end 164 which is the most
important in the puncturing of the puncture needle 162. It is
most preferable for the tip detector 70 to detect only one tip
candidate 166 corresponding to the tip end 164 of the punc-
ture needle 162. However, since the differential image 160
includes a movement of a puncture target or noise other than
the displacement of the puncture needle 162, a plurality of tip
candidates 166 are detected. Thus, as described above, it is
not always possible to detect only one tip candidate corre-
sponding to the tip end 164 of the puncture needle 162.
[0132] Therefore, in the present aspect of the invention,
when the number of tip candidates detected by the tip detector
70 is one or a predetermined number and for example, six or
less, it is preferable to color these tip candidates and/or
increase the luminance thereof as a highlighting process to
thereby generate a color and/or high-luminance tip image.
When a lot of tip candidates, for example, exceeding six, are
detected by the tip detector 70, it is preferable to eliminate tip
candidates of low reliability to narrow the tip candidates
down to one to six tip candidates. Naturally, it is most pref-
erable to narrow to one tip candidate. Similarly, it is prefer-
able to perform a highlighting process on the narrowed tip
candidates to generate a color and/or high-luminance tip
image.

[0133] Thedetailed configuration of the tip detector 70 will
be described later.

[0134] The image combiner 72 combines the tip image
(needle tip enhanced image) generated by the tip detector 70
with an ultrasound image which is the B-mode image gener-
ated by the image processor 62 to thereby generate a com-
bined ultrasound image.

[0135] The combined ultrasound images (image signals)
generated by the image combiner 72 are transmitted to the
display controller 50.

[0136] In the diagnostic apparatus main body 14 of the
ultrasound diagnostic apparatus 10 ofthe shown example, the
display controller 50 includes the DSC for converting the
combined ultrasound images (image signals) combined by
the image combiner 72 into display image signals for display
onthedisplay unit 52. However, the invention is not limited to
this. The image combiner 72 may include the DSC, and the
DSC may convert (rasterize) the combined ultrasound images
(image signals) combined by the image combiner 72 into
image signals corresponding to a general television signal
scanning format and perform necessary image processing
such as gradation processing to thereby generate B-mode
image signals for display on a monitor.

[0137] Moreover, the image processor 62 may include the
DSC, and the DSC may convert (rasterize) the echo signals
(acoustic-ray signals) corrected by the STC unit or the lumi-
nance-modulated B-mode image signals into image signals
corresponding to a general television signal scanning format
and perform necessary image processing such as gradation
processing to thereby generate B-mode image signals for
display on a monitor. In this case, if the display image signals
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are used for detecting the tip end portion of the puncture
needle, the display controller 50 and the image combiner 72
may not include the DSC.

[0138] Next, the detailed configuration of the puncture
needle tip detector 70 which is the most characteristic portion
of the present aspect of the invention will be described.
[0139] AsshowninFIG. 2, the puncture needle tip detector
70 includes a tip candidate detector 74, a tip candidate pro-
cessor 76, a tip candidate storage unit 78, and a puncture
needle information and condition storage unit (hereinafter
referred to simply as an information storage unit) 80.

[0140] The tip candidate detector 74 performs a tip detec-
tion process on the differential image generated by the differ-
ential image generator 68 to detect at least one tip candidate
including the puncture needle tip. The tip candidate detector
74 includes a candidate point extraction processor (hereinaf-
ter also referred to as an extraction processor) 82 and a tip
candidate specifying processor (hereinafter also referred to as
a specifying processor) 84.

[0141] As an example of the tip detection process, first, the
candidate point extraction processor 82 extracts points having
luminance difference values satisfying predetermined condi-
tions based on a luminance difference or a luminance value of
the differential image as tip candidate points of the puncture
needle. For example, the candidate point extraction processor
82 performs binarization, filter processing, and LUT (lookup
table) processing for gradation processing or the like to
extract regions or portions (a collection of pixels) in which the
luminance difference in relation to the luminance of neigh-
boring portions is equal to or larger or smaller than a prede-
termined value, or regions of which the luminance values are
equal to or larger or smaller than a predetermined value as the
tip candidate points of the puncture needle.

[0142] In the extraction processor 82, it is preferable to
select and extract the tip candidates of the puncture needle
based on the density or size of the tip candidate points or
regions detected in accordance with the luminance difference
or the like of the differential image. Specifically, median
filtering may be used, or alternatively, the sum of the lumi-
nance values of pixels near a predetermined point may be
calculated, and locations having a large luminance sum or
portions of which the luminance sum exceeds a predeter-
mined threshold may be extracted as tip candidate points or
detected as tip candidates.

[0143] Moreover, in the extraction processor 82, it is pref-
erable to perform LUT processing after setting a tip candidate
extraction region in advance by referencing the positions of
tip candidates detected in the past, stored in the tip candidate
storage unit 78. In particular, the extraction processor 82 may
extract or detect regions of which the luminance difference is
equal to or larger than a predetermined value from regions
near a line that connects two or more tip candidates of the
puncture needle detected in the past, as the tip candidate
points of the puncture needle or the tip candidates.

[0144] By doing so, it is possible to find the tip candidate
points or the tip candidates taking the advancing movement or
direction of the puncture needle into consideration. Thus, it is
possible to extract and detect the tip candidate points and the
tip candidates more accurately.

[0145] When a plurality oftip candidate points of the punc-
ture needle are extracted by the extraction processor 82, the
tip candidate specifying processor 84 performs a process of
eliminating tip candidate points of low reliability as one of the
tip detection processes. For example, the tip candidate speci-
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fying processor 84 specifies only the central points of regions
having a high correlation as tip candidates to thereby narrow
the number of tip candidate points down to a predetermined
number, for example, one to six, and most preferably to one,
and specifies the narrowed tip candidate points as tip candi-
dates to be detected.

[0146] As the process of eliminating tip candidate points of
low reliability, when a plurality of tip candidate points remain
after the LUT processing by the extraction processor 82, it is
preferable for the specifying processor 84 to narrow the tip
candidate points so as to include points of which the distance
to the positions of a plurality of tip candidates detected in the
past is minimized. That is, a plurality of past detection results
for the tip candidates of the puncture needle may be stored in
the tip candidate storage unit 78. For example, as shown in
FIG. 4, candidate points among the presently detected tip
candidate points, of which the distance to detection result
points (tip candidates) of five frames is minimized, may be
specified as present detection results. Such a method is effec-
tive when the specifving processor 84 narrows the tip candi-
date points when a plurality of tip candidate points are
extracted in the extraction of simple tip candidate points by
the extraction processor 82 as shown in FIG. 4.

[0147] When the number of tip candidate points of the
puncture needle extracted by the extraction processor 82 is a
predetermined number, for example, one to six, as described
above, the specifying processor 84 may specify all the can-
didate points as tip candidates of the puncture needle to be
detected, and may further narrow the candidate points until
the number reaches a smaller number, and preferably one.
[0148] When the number of tip candidate points extracted
by the extraction processor 82 is always smaller than a pre-
determined number of tip candidates to be detected by the tip
candidate detector 74, for example, one to six, the specifying
processor 84 may not be provided.

[0149] As the result of the LUT processing by the extrac-
tion processor 82, when it was not possible to extract any tip
candidate point of the puncture needle, the tip candidates
detected previously or in the past, stored in the tip candidate
storage unit 78 may be extracted as the tip candidate points to
be detected presently or detected as the tip candidates, or new
tip candidate points or new tip candidates may be estimated
from the tip candidates detected in the past. The tip candidate
points extracted or estimated by the extraction processor 82
are specified by the specifying processor 84 as tip candidates
to be detected presently. Moreover, the tip candidates them-
selves detected in the past or the tip candidates estimated may
directly be specified by the specifying processor 84 as tip
candidates to be detected presently.

[0150] Insucha case, since it can be considered that the tip
end was not moved dueto the insertion of the puncture needle,
it can be understood that the tip candidates detected previ-
ously or in the past can be used.

[0151] Moreover, in the tip candidate detector 74, even
when it was not possible to detect optimal tip candidates in the
present frame, past detection results stored in the tip candi-
date storage unit 78 may be displayed on the display unit 52.
For example, when there are a plurality of past detection
results, since it is possible to calculate the equation of a line
and the insertion speed of the puncture needle, points pre-
dicted from these two factors may be displayed as tip candi-
dates. Alternatively, points which were successfully detected
at the last time by the tip candidate detector 74 may continue
to be displayed as tip candidates as they were.
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[0152] In this way, the tip candidate detector 74 detects a
predetermined number of, for example, one to six, tip candi-
dates.

[0153] Inthe invention, it is preferable for the tip candidate
detector 74 to detect at least six tip candidates. This is because
the present inventors have confirmed that when at least six tip
candidates are detected, itis highly probable that the puncture
needle tip is included within the six tip candidates.

[0154] In the above example, the extraction processor 82
and the specifying processor 84 perform binarization, filter-
ing, and LUT processing such as gradation processing as a tip
detection process. However, the invention is not limited to
this. In order that the extraction processor 82 extracts the
predetermined number of tip candidate points of the puncture
needle, LUT processing such as gradation processing may be
performed after binarization, and a predetermined number of
tip candidate points may be selected in descending order of
luminance difference.

[0155] Moreover, the LUT used for the LUT processing in
the extraction processor 82 or the specifying processor 84
may be adjusted in accordance with one or both of the ultra-
sound images (B-mode images) generated by the image gen-
erator 64 and the differential images generated by the differ-
ential image generator 68. That is, in the LUT processing, itis
preferable to use a tip enhancement filter which is weighted in
the insertion direction of the puncture needle and has a size
such that the puncture needle tip is included. Such a tip
enhancement filter can be referred to as a filter that detects the
movement of the puncture needle since it is applied to a
differential image.

[0156] Examples of such a tip enhancement filter include a
filter which has a step shape and uses pixels located in the
insertion direction of the puncture needle in weighted addi-
tion and a filter which has a rectangular shape and performs
weighted addition so that pixels located in the insertion direc-
tion of the puncture needle have a large filter coefficient.
[0157] Here, an example of a differential image including
the image of the puncture needle tip and an example of a tip
enhancement filter used when the tip detector 70 performs
LUT processing on the differential image are shown in FIGS.
5A and 5B, respectively.

[0158] A tip enhancement filter having a size of 81x81
pixels shown in FIG. 5B is a rectangular filter which is
weighted in the insertion direction of the puncture needle in
the differential image shown in FIG. 5A, has a size such that
the puncture needle tip is included, and performs weighted
addition so that pixels located in the insertion direction have
a large filter coefficient.

[0159] Such a tip enhancement filter is made up of an odd
number of pixels in both vertical and horizontal directions so
that a target pixel is located at the center, and the filter coef-
ficients of respective pixels can be determined by applying a
Gaussian function expressed by Equation 1 below. Thatis, the
tip enhancement filter shown in FIG. 5B is a filter created by
applying the Gaussian function expressed by Equation 1
below.
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[0160] Here, f(x,y)is a filter coeflicient, u, and p, are aver-
ages in x and y directions, o, and o, are variances in X and y
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directions, and p is a correlation value. When p,=p =0,
0,2=0,2=40, and p=0.9, it is possible to create a filter having
the size of 81x81 pixels schematically shown in FIG. 5B.
FIG. 5B shows the magnitudes of the filter coefficients as the
thickness of density. In this way, it is possible to create filter
coefficients so that pixels located in the insertion direction of
the puncture needle have a large filter coefficient.

[0161] In FIG. 5B, the filter coefficient increases as it
approaches the center, and the filter coefficients on an ellipse
concentric about the central pixel are the same. In FIG. 5B, for
better understanding of the invention, the concentric ellipse is
depicted with a boundary, although there is actually no
boundary as shown. The longitudinal direction of the ellipse
1s identical to the insertion direction of the puncture needle.
That is, by increasing the filter coefficients located in the
insertion direction of the puncture needle, weighted addition
is performed so that the pixels located at the position where
the possibility of presence of the puncture needle is high have
a large filter coefficient.

[0162] The tip enhancement filter, having an aspect ratio
corresponding to the insertion angle, created in this way is
stored in the information storage unit 80.

[0163] Inthe present aspect of the invention, a tip enhance-
ment filter to be used is determined in accordance with the
insertion angle and stored in the information storage unit 80.
The tip candidate detector 74 can detect tip candidates which
are candidates of high reliability for the puncture needle tip by
performing a tip enhancement processing of performing
weighted addition on the differential image with neighboring
pixels using the tip enhancement filter stored in the informa-
tion storage unit 80.

[0164] When calculating the density or size of a region
detected in the differential image, a filter having such a size
that the puncture needle tip is included like the tip enhance-
ment filter shown in FIG. 5B can be created in the following
way.

[0165] A plurality of filter sizes in which the puncture
needle tip is included may be prepared in the manner of
“Large,” “Medium,” and “Small” in accordance with the
thickness of the puncture needle, for example, and a plurality
of sizes may be prepared between the angles of 10° and 60° in
the manner of “10°,”“30°,” and “60°” in accordance with the
insertion angle of the puncture needle. Moreover, the size
may be determined based on the size (G) of the puncture
needle, the purpose of puncture (FNA (Fine Needle Aspira-
tion Cytology), CNB (Core Needle Biopsy), RFA (Radio-
Frequency Ablation), and the like), and puncture information
such as an insertion angle.

[0166] Moreover, as described above, weights of the filter
may use a Gaussian function or the like. In this case, the
proportions of weights in averaging, variance, correlation,
and the like may be prepared as parameters which can be
changed by a user.

[0167] Moreover, the size ofthe filter and the weights of the
weighted filter may be changed by a user selecting in advance
on a setting screen, or may be changed during scanning of the
ultrasound probe 12 by allocating a function to a function key
or the like.

[0168] Examples of the tip enhancement filter used in the
present aspect of the invention include various puncture tool
enhancement filters which are used in a puncture tool
enhancement processing applied to an ultrasound image gen-
eration apparatus and an ultrasound image generation method
of the third aspect of the invention described later.
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[0169] Moreover, when the extraction processor 82 or the
specifying processor 84 performs LUT processing to extract
the tip candidate points of the puncture needle or detect the tip
candidates, a region of the differential image, which is located
around the tip candidate points and has a size obtained by
applying the tip enhancement filter may be colored. By doing
so, it is possible to detect tip candidate points within the
colored region as tip candidates, and to increase the reliability
or probability of the detected tip candidates being the punc-
ture needle tip.

[0170] Furthermore, preferably, the extraction processor 82
and/or the specifying processor 84 of the tip candidate detec-
tor 74 searches a region of the differential image based on a
frame displayed on the display unit 52, located near the tip
candidates of the puncture needle detected at a point in time
earlier than the displayed frame, preferably a region near a
line connecting tip candidates of the puncture needle detected
at two points in time earlier than the displayed frame to
thereby detect tip candidates of the puncture needle from the
differential image based on the displayed frame. By doing so,
itis possible to detect tip candidates having a high probability
of being the puncture needle tip taking the movement, or
displacement, of the puncture needle inserted into a target site
into consideration.

[0171] The tip candidate processor 76 performs a process
of highlighting a predetermined number of tip candidates,
that is to say, at least one tip candidate detected by the tip
candidate detector 74 or the coordinates thereof to generate
the image of the highlighted tip candidate of the puncture
needle, namely a tip image in which the tip candidate of the
puncture needle is highlighted, in order to make the image
easily identified by an operator when it 1s displayed on the
display unit 52.

[0172] In the tip candidate processor 76, it is preferable to
color the tip candidate of the puncture needle detected by the
tip candidate detector 74 to generate a color tip image for
color display as the highlighting process. Alteratively, it is
preferable to increase the luminance of the tip candidate to
generate a high-luminance tip image. It is also preferable to
increase the luminance after coloring the tip candidate to
generate a high-luminance color tip image.

[0173] Inaddition, although the number oftip candidates or
coordinates thereof which are colored or brightened is pref-
erably one, the number may be two or more, and the tip
candidates detected in the past or the coordinates thereof may
be used. Moreover, as shown in FIG. 4, the tip candidate
processor 76 may highlight and display the tip image of the
puncture needle detected in the past on the display unit 52 in
a superimposed manner so that the trajectory of the puncture
needle is displayed.

[0174] The colored or brightened region of the tip candi-
date of the puncture needle or the coordinates thereof may be
the region of the tip candidate itself, and may be an optional
region of the coordinates of the tip candidate, for example, a
rectangular, elliptical, circular, or square region including the
coordinates. Moreover, the size of the region can be set in
advance, and may be changed during scanning of the ultra-
sound probe 12 by allocating a function to a function key or
the like.

[0175] The colored or brightened region may be weighted
by the tip enhancement filter used when the tip candidate
detector 74 detects the tip candidates.

[0176] Here, preferably, the tip candidate detector 74 deter-
mines the positive/negative sign of the luminance difference

Mar. 29,2012

of the differential image, and the tip candidate processor 76
highlights the tip candidate of the puncture needle detected by
the tip candidate detector 74 in accordance with the positive/
negative sign of the luminance difference of the differential
image determined by the tip candidate detector 74. More
preferably, the tip candidate processor 76 changes the color
and luminance used for highlighting the tip candidate of the
puncture needle detected by the tip candidate detector 74. In
this way, by displaying the highlighted tip candidate on the
display unit 52 by changing the color and luminance thereof,
it is possible to display the puncture needle tip so as to be
visible as it is inserted into a target site when the luminance
difference of the differential image is positive, for example.
Moreover, it is possible to display the puncture needle tip so
as to be visible as it is pulled out when the luminance differ-
ence is negative.

[0177] Moreover, the tip candidate detector 74 may not
determine the positive/negative sign of the luminance differ-
ence of the differential image, but the tip candidate processor
76 may generate a color tip image which is colored or bright-
ened based on the absolute value of the luminance difference
and display the tip image on the display unit 52.

[0178] The tip candidate storage unit 78 is a storage unit
which is formed of a memory, a hard disk, or the like and
stores the tip candidates (the positions (coordinates) or sizes
thereof) detected by the tip candidate detector 74. The tip
candidate storage unit 78 may store a plurality of past tip
candidates.

[0179] The tip candidate storage unit 78 outputs the plural-
ity of past tip candidates stored therein to the extraction
processor 82 and the specifying processor 84 of the tip can-
didate detector 74 in order to allow them to be used for the
detection in the tip candidate detector 74 and outputs the same
to the tip candidate processor 76 in order to allow them to be
used for the highlighting process in the tip candidate proces-
sor 76 or the display on the display unit 52.

[0180] The information storage unit 80 is a storage unit
which is formed of a memory, a hard disk, or the like and
stores information on the puncture needle, detection condi-
tions for detecting the tip candidates in the tip candidate
detector 74, processing conditions for the detection, process-
ing conditions for the highlighting process in the tip candidate
processor 76, and the like. Here, the information on the punc-
ture needle may be the kind, the thickness, the insertion
position (the position where the puncture needle is inserted
into a patient), the insertion angle (the angle at which the
puncture needle is inserted into a patient), and the insertion
path of the puncture needle, a puncture target (target object or
site), and the like. Moreover, specifically, the detection and
processing conditions include the extraction conditions of the
tip candidate points extracted by the tip candidate detector 74,
such as the magnitude of the luminance difference or lumi-
nance value of the differential image, the threshold of the
density or size of extracted points, as well as the type, size,
and weighting conditions of various LUTs and filters includ-
ing the tip enhancement filter used for extraction, and such
processing conditions as the contents of the tip candidate
highlighting process such as the coloring and brightening of
the tip candidates in the tip candidate processor 76, and the
size and shape of the target region of the tip candidate.
[0181] The information storage unit 80 acquires and stores
the information on the puncture needle and the detection and
processing conditions for the tip candidates through the main
body controller 54 in accordance with the input or the like on
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the operation unit 56 from the user and outputs the informa-
tion and conditions stored therein to the extraction processor
82 and the specifying processor 84 of the tip candidate detec-
tor 74 and the tip candidate processor 76.

[0182] The tip detector 70 basically has the configuration
described hereinabove.

[0183] Next, a preferred configuration of the differential
image generator 68 shown in FIG. 1 will be described.
[0184] FIG. 6is ablock diagram showing an example of the
time-sequential frame differential image generator of the
combined image generator shown in FIG. 1.

[0185] Asshown in FIG. 6, the differential image generator
68 includes a preprocessor 86 and a differential processor 88.
The preprocessor 86 includes a speckle noise remover 90, a
layer structure remover 92, and a puncture needle processor
9.

[0186] The preprocessor 86 performs preprocessing on
B-mode image signal (frame image) of at least one frame out
of two time-sequential frames subjected to differential pro-
cessing in order to increase the reliability of the detection of
a puncture needle tip in a differential image before the gen-
eration of the differential image between the B-mode image
signals of two time-sequential frames, generated by the image
generator 64 and stored in the frame image storage unit 66.
Examples of the preprocessing include a process of removing
noise or a layer structure, a puncture needle enhancement
processing, and a puncture needle image connecting process.
The signal processing such as the puncture needle enhance-
ment processing and the puncture needle image connecting
process is performed on the B-mode image signal after noise
removal in order to make the puncture needle clearly visible.
[0187] The preprocessor 86 preferably includes all of the
speckle noise remover 90, the layer structure remover 92, and
the puncture needle processor 94, but may include at least one
of them.

[0188] The differential processor 88 calculates the differ-
ence between the B-mode image signals (images) of two
time-sequential frames, in which speckle noise and a layer
structure are removed, to thereby generate a differential
image (differential image signal).

[0189] Here, since the insertion speed of the puncture
needle varies depending on the technique or the like of an
examiner or an operator, the differential processor 88 prefer-
ably has a function of adjusting a time difference between the
two time-sequential frames used for creating the differential
image so that the frame interval of the two time-sequential
frames can be optionally set. Moreover, it is preferable to use
a plurality of past frames two frames or more before when
creating the differential image. The differential image (pixel
signal) may include the absolute value of the difference value.
[0190] The differential image generator 68 preferably
includes both the preprocessor 86 and the differential proces-
sor 88, but may not include the preprocessor 86 if it includes
the differential processor 88.

[0191] As preprocessing of the differential processing on
the B-mode image signals (frame images) of two time-se-
quential frames generated by the image generator 64 and
stored in the image storage unit 66, the speckle noise remover
90 performs signal processing for reducing a speckle pattern
in the B-mode image signals to thereby remove speckle noise.
Although amedian filter, for example, is preferably applied to
the process of removing speckle noise, a space compound
method, a frequency compound method, morphology pro-
cessing, or the like may be applied.
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[0192] The layer structure remover 92 performs a layer
structure removal processing on the B-mode image signals in
which speckle noise is removed by the speckle noise remover
90 to thereby remove a bright line extending in the direction
of the puncture needle. For example, CFAR (Constant False
Alarm Rate) processing and MIP (Maximum Intensity Pro-
jection) processing are performed. As for the CFAR process-
ing, a method disclosed in JP 2006-305337 A can be used.
[0193] Inthis way. by the layer structure removal process-
ing by the layer structure remover 92, connected portions
other than the puncture needle can be removed in later signal
processing by the puncture needle processor 94.

[0194] Moreover, in order to make the puncture needle
clearly visible in a frame image, the puncture needle proces-
sor 94 performs signal processing of causing defocusing in
the direction of the puncture needle to make the puncture
needle continuous or signal processing of making the punc-
ture needle continue from its feature points. Thus, the punc-
ture needle processor 94 includes at least one of a puncture
needle enhancement processor 94a (see FIG. 7) that performs
signal processing of causing defocusing in the direction of the
puncture needle to make the puncture needle continuous and
a puncture needle connection processor 946 (see FIG. 9) that
performs signal processing of making the puncture needle
continue from its feature points.

[0195] FIG. 7 shows a puncture needle enhancement pro-
cessor which is an example of the puncture needle processor
of the time-sequential frame differential image generator
shown in FIG. 6.

[0196] The puncture needle enhancement processor 94a
shown in FIG. 7 includes a filter application processor 96 and
an edge enhancement processor 98.

[0197] Thefilter application processor 96 applies a defocus
filter to the B-mode image signal in which noise such as
speckle noise or a layer structure is removed by the layer
structure remover 92 or the speckle noise remover 90. That is,
the filter application processor 96 specifies a defocus filter to
be used based on the insertion angle stored in the information
storage unit 80 and reads the specified defocus filter from the
information storage unit 80. For example, when the insertion
angle is 10°, the filter application processor 96 reads a defo-
cus filter for the insertion angle of 10° and applies the read
defocus filter to the B-mode image data after noise removal.
Since the defocus filter used herein is a filter corresponding to
the insertion angle of the puncture needle, it is possible to
defocus the image in the insertion direction of the puncture
needle to make a discontinuous puncture needle image con-
tinuous.

[0198] Theedgeenhancement processor 98 performs a pro-
cess of enhancing the edges of the B-mode image with respect
to the B-mode image data to which the defocus filter has been
applied. After that, a 1D edge enhancement processing may
be performed in the vertical direction to the puncture needle
to thereby enhance the edges of the puncture needle. Before
outputting to the differential processor 88, the edge-enhanced
B-mode image (image data) which has been made continuous
in the insertion direction of the puncture needle may be super-
imposed on the original B-mode image (image data) to
thereby generate a combined frame image (image data). In
this way, a frame image in which the whole image of the
puncture needle within the tissue is clearly visible can be
output to the differential processor 88.

[0199] Similarly to the tip enhancement filter used by the
tip detector 70, examples of the defocus filter used by the filter
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application processor 96 for the signal processing of causing
defocusing in the direction of the puncture needle include a
filter which has a step shape and uses pixels located in the
insertion direction of the puncture needle in weighted addi-
tion and a filter which has a rectangular shape and performs
weighted addition so that pixels located in the insertion direc-
tion of the puncture needle have a large filter coefficient.
Here, when such a filter is used as the defocus filter, it is
necessary to create the tip enhancement filter used by the tip
detector 70 as a puncture needle enhancement filter which is
weighted in the insertion direction of the puncture needle in
the frame image and has a size such that the puncture needle
is included.

[0200] That is, in the filter application processor 96, such a
filter as shown in FIG. 5B, which has a rectangular shape and
performs weighted addition so that pixels located in the inset-
tion direction of the puncture needle have a large filter coef-
ficient, can be used as the defocus filter.

[0201] An example in which such a puncture needle
enhancement filter is applied to one frame of B-mode image
(frame image) so as to correspond to the insertion direction or
the insertion angle of the puncture needle is shown in FIGS.
8A to 8C.

[0202] FIGS.8A, 8B, and 8C show a frame image (B-mode
image), a puncture needle enhancement filter, and a puncture
needle-enhanced image, respectively.

[0203] Here, the frame image shown in FIG. 8A is one
frame of ultrasound image (B-mode image) which is not
subjected yet to the puncture needle enhancement processing
performed by the filter application processor 96 of the punc-
ture needle processor 94a shown in FI1G. 7.

[0204] The puncture needle enhancement filter shown in
FIG. 8B is a puncture needle enhancement filter which has a
size of 55x7 pixels, applied to the one-frame image shown in
FIG. 8A.

[0205] The puncture needle-enhanced image shown in
FIG. 8C is a puncture needle enhanced ultrasound image
obtained by applying the puncture needle enhancement filter
to the frame image so as to correspond to the insertion direc-
tion or the insertion angle of the puncture needle, and is an
image in which the B-mode image before the puncture needle
enhancement processing is defocused in the direction of the
insertion angle. Thus, as shown in FIG. 8C, the puncture
needle is displayed in a continuous manner in the obtained
puncture needle-enhanced image.

[0206] Here, in FIGS. 8A and 8C, for better understanding
of the effect of the puncture needle enhancement filtering,
speckle noise removal processing, layer structure removal
processing, and edge enhancement processing were not per-
formed.

[0207] As above, the puncture needle enhancement filter
shown in FIG. 8B is a puncture needle enhancement filter
which is weighted in the insertion direction of the puncture
needle in one-frame image shown in FIG. 8A, and has a size
of 55x7 pixels such that the puncture needle is included. The
puncture needle enhancement filter shown in FIG. 8B can
generate filter coefficients used in the puncture needle
enhancement filter by linearly interpolating the tip enhance-
ment filter shown in FIG. 5B so as to have the size of the
puncture needle enhancement filter. That is, by linearly inter-
polating the filter having the size of 81x81 pixels shown in
FIG. 5B, it is possible to create the puncture needle enhance-
ment filter having the size of 55x7 pixels shown in FIG. 8B.
The puncture needle enhancement filter having the size of

Mar. 29,2012

55x7 pixels obtained in this way is a puncture needle
enhancement filter used if the insertion angle is 10°. The
aspect ratio of the linear interpolation is determined by the
insertion angle. In this puncture needle enhancement filter,
the filter coefficient is the largest at the center, with the mag-
nitude of the filter coefficient widely varying along the inser-
tion direction of the puncture needle. A target pixel at the
center is subjected to weighted addition using the 55x7 pixels
around the target pixel. The values of the respective pixels are
multiplied by the filter coefficients of the puncture needle
enhancement filter to perform weighted addition, whereby
the value of the target pixel is obtained. The puncture needle
enhancement filter created in this way, having the aspect ratio
corresponding to the insertion angle is stored in the informa-
tion storage unit 80.

[0208] In the present embodiment, the puncture needle
enhancement filter to be used is determined based on the
insertion angle, and the puncture needle enhancement pro-
cessing of performing weighted addition with neighboring
pixels is performed on all pixels using the determined punc-
ture needle enhancement filter, whereby an image in which
the puncture needle is enhanced can be generated.

[0209] Inthis example, although a case of converting into a
size of 55x7 pixels like the puncture needle enhancement
filter shown in FIG. 8B has been described, instead of this, a
puncture needle enhancement filter shown in FIG. 14D
described later may be used, for example. In puncture needle
enhancement filters having different sizes like the puncture
needle enhancement filter having the size of 15x27 pixels
shown in FIG. 14D, filter coefficients corresponding to the
sizes of the respective puncture needle enhancement filters
can be generated by linearly interpolating the base filter hav-
ing the size of 81x81 pixels shown in FIG. 5B. The puncture
needle enhancement filter shown in FIG. 14D, having the size
of 15x27 pixels obtained in this way is also a puncture needle
enhancement filter used if the insertion angle is 10° like the
puncture needle enhancement filter shown in F1G. 8B, having
the size of 55x7 pixels. The puncture needle enhancement
filter created in this way, having the aspect ratio correspond-
ing to the insertion angle is stored in the information storage
unit 80.

[0210] A defocus filter such as the puncture needle
enhancement filter preferably has a size such that the discon-
tinuance interval of the puncture needle is included. A plural-
ity of sizes of the defocus filter may be prepared in the manner
of “Large,” “Medium,” and “Small” in accordance with the
thickness of the puncture needle, for example, and a plurality
of sizes may be prepared between the angles of 10° and 60° in
the manner of “10°,7*30°,” and “60°” in accordance with the
insertion angle of the puncture needle. Moreover, the size
may be determined based on the size (G) of the puncture
needle, the purpose of the puncture (FNA, CNB, RFA, and the
like), and puncture information such as an insertion angle.
[0211] Moreover, a Gaussian filter or the like may be used
as a weighting filter used for the signal processing of causing
defocusing in the direction of the puncture needle. In this
case, the proportions of weights in averaging, variance, cor-
relation, and the like may be prepared as parameters which
can be changed by a user.

[0212] Moreover, the size of the defocus filter and the
weights of the weighting filter may be changed by a user
selecting in advance on a setting screen, or may be changed
during scanning of the ultrasound probe 12 by allocating a
function to a function key or the like.
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[0213] Examples of the defocus filter include various punc-
ture tool enhancement filters which are used in a puncture tool
enhancement processing applied to an ultrasound image gen-
eration apparatus and an ultrasound image generation method
of the third aspect of the invention described later.

[0214] Examples of the signal processing by the filter appli-
cation processor 96 causing defocusing in the direction of the
puncture needle include a puncture needle enhancement pro-
cessing which uses a puncture needle enhancement filter as
the defocus filter. For example, a puncture tool enhancement
processing applied to an ultrasound image generation appa-
ratus and an ultrasound image generation method of the third
aspect of the invention described later can be applied.
[0215] That is, a puncture tool enhancement filter which
has a step shape and uses pixels located in the insertion
direction of the puncture needle in weighted addition can be
used as the defocus filter. That is, a puncture needle enhance-
ment filter that performs weighted addition between the value
(image data) of a pixel (hereinafter referred to as a target
pixel) subjected to the puncture needle enhancement process-
ing and the value (image data) of a specific pixel neighboring
the target pixel can be used. In this case, the filter application
processor 96 sequentially changes the position of the target
pixel and performs the puncture needle enhancement pro-
cessing on the image data of all pixels in the B-mode image
using the puncture needle enhancement filter determined
based on the insertion angle.

[0216] Examples of such a puncture needle enhancement
filter include a filter in which a plurality of lines of filter
elements are connected in a step shape while shifting the lines
in accordance with the insertion angle, a filter element at the
center or almost at the center of the connected filter element
lines is used as a target pixel, and the filter coefficients of
pixels increase or decrease as the pixels are away from the
target pixel.

[0217] The filter coefficient of such a puncture needle
enhancement filter is generated using a Gaussian filter
expressed by Equation 2 below.

1
fi = mgexp(—

(- p* l 2

202 )

[0218] Here, p is an average, o° is a variance, and X repre-
sents the position of a pixel in the vertical direction of the
drawing when a central element is at 0. For example, x=-1
and x=1 correspond to the positions of adjacent pixels on the
front/rear or left/right sides of the central pixel. In this way, by
determining the filter coefficients of respective pixels using
the Gaussian filter. it is possible to perform weighted addition
so that the pixels located closer to the target pixel have a larger
filter coefficient.

[0219] FIG. 9 shows a puncture needle connection proces-
sor which is an example of the puncture needle processor of
the time-sequential frame differential image generator shown
in FIG. 6.

[0220] The puncture needle connection processor 945
shown in FIG. 9 performs signal processing of making the
puncture needle continue from its feature points. Examples of
such signal processing include a process of displaying a line
using the feature points of the puncture needle through Hough
transform or the like, a processing of fitting a line using the
feature points of the puncture needle through a minimum
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mean square error method, and a process of storing the posi-
tion coordinates of the feature points indicating the puncture
needle tip in a memory for a certain period and connecting all
the points by a line or a curve.

[0221] As shown in FIG. 9, the puncture needle connection
processor 946 includes a puncture needle candidate point
extractor 100, a candidate point position storage unit 102, a
puncture needle region specifying unit 104, a puncture needle
tip position specifying unit 106, a puncture needle image
generator 108, and a puncture needle connected image gen-
erator 110.

[0222] The puncture needle candidate point extractor
(hereinafter referred to as a candidate point extractor) 100
extracts needle candidate points as the feature points of the
puncture needle using the information on the puncture needle
stored in the information storage unit 80 and the B-mode
image data in which the speckle noise or noise such as a layer
structure is removed by the layer structure remover 92 and the
speckle noise remover 90. Specifically, the candidate point
extractor 100 performs threshold processing on the B-mode
image data using an edge extraction filter to thereby create
edge image data and extracts candidate points of the puncture
needle from the edge image data as the feature points on the
puncture needle. Since the puncture needle has a smooth
surface, and scattering of ultrasound waves barely occurs, the
puncture needle is displayed in the B-mode image in a dis-
continuous manner. Thus, by performing the threshold pro-
cessing on the B-mode image data where the puncture needle
is present, it is possible to extract feature points indicating
parts of the discontinuous puncture needle. The time interval
of extracting the feature points of the puncture needle can be
changed by the user. Since high-luminance points originating
from tissues or the like other than the puncture needle are also
present in the B-mode image, the feature points extracted by
the threshold processing are not limited to those originating
from the puncture needle. The feature points of the puncture
needle originating from tissues or the like become noise when
specifying the position of the puncture needle based on the
edge image.

[0223] The candidate point position storage unit (hereinaf-
ter referred to as a position storage unit) 102 stores the posi-
tions of all feature points (candidate points) of the puncture
needle extracted by the candidate point extractor 100 and
outputs the positions of the puncture needle feature points to
the puncture needle region specifying unit (hereinafter
referred to as a region specifying unit) 104.

[0224] The region specifying unit 104 generates a line
(puncture needle candidate line) indicating the puncture
needle and an extension line of the puncture needle based on
the distribution of a plurality of puncture needle feature points
stored in the position storage unit 102. The region specifying
unit 104 specifies a region including the generated line as a
region where the puncture needle is present.

[0225] The puncture needle tip position specifying unit
(hereinafter referred to as a position specifying unit) 106
specifies the tip position of the puncture needle based on
luminance information of the region which is specified by the
region specifying unit 104 to be a region where the puncture
needle is highly likely to be present and outputs the specified
tip position to the puncture needle image generator 108.
[0226] The puncture needle image generator 108 generates
an image representing the puncture needle based on the line
indicating the puncture needle and the extension line of the
puncture needle generated by the region specifying unit 104
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and the tip position of the puncture needle specified by the
position specifying unit 106 and outputs the image to the
puncture needle connected image generator (hereinafter
referred to as a connected image generator) 110. The image
representing the puncture needle can be displayed in various
modes as selected by the user. For example, the puncture
needle may be displayed in a line, the outline of the puncture
needle may be displayed, and the puncture needle may be
displayed as a collection of dots. Here, when displaying the
outline of the puncture needle, the outline of the puncture
needle is generated by reading the puncture needle informa-
tion from the information storage unit 80. Moreover, the
luminance or the like representing the puncture needle can be
set by the user. For example, the luminance of the image
representing the puncture needle may be a favorite luminance
of the user and may be the same luminance as the luminance
of a portion which is considered to be the puncture needle in
the B-mode image.

[0227] The connected image generator 110 generates com-
bined B-mode image data in which the image representing the
continuous puncture needle and generated by the puncture
needle image generator 108 is superimposed on the B-mode
image data output from the layer structure remover 92. The
connected image generator 110 outputs the combined
B-mode image data to the differential processor 88.

[0228] FIG. 10 is a functional block diagram showing a
more detailed configuration of the puncture needle region
specifying unit 104 and the puncture needle tip position
specifying unit 106 as shown in FIG. 9.

[0229] The region specifying unit 104 includes a puncture
needle line generator 112 and a puncture needle region gen-
erator 114.

[0230] The puncture needle line generator (hereinafter
referred to as a line generator) 112 performs a Hough trans-
form on the puncture needle feature points distributed within
the B-mode image output from the position storage unit 102
to thereby generate a puncture needle candidate line. The
puncture needle candidate line is a line that passes the largest
number of puncture needle feature points. The line generator
112 outputs the position coordinates of points located on the
generated puncture needle candidate line to the puncture
needle region generator (hereinafter referred to as a region
generator) 114.

[0231] The region generator 114 expands the puncture
needle candidate line generated by the line generator 112to a
predetermined width and specifies a region included in the
puncture needle candidate line as a region (puncture needle
presence region) where the puncture needle is present. The
region generator 114 outputs the position coordinates of
points included in the specified puncture needle presence
region to the position specifying unit 106.

[0232] The position specifying unit 106 includes an aver-
age luminance calculator 116, a maximum luminance speci-
fying unit 118, a minimum luminance specifying unit 120,
and a puncture needle tip position calculator 122.

[0233] By referring to FIGS. 11A to 11D and FIGS. 12A
and 12B, a method of calculating the puncture needle tip
position from a B-mode image and a method of generating an
image representing the puncture needle will be described in
detail. Moreover, the functions of respective constituent ele-
ments of the position specifying unit 106 will be described.
[0234] InFIG. 11A, a case where an image is positioned in
an XY orthogonal coordinate system in which the top left
corner of a B-mode image is at the origin, a horizontal axis
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extending from the top left corner to the top right corner is an
X axis, and a vertical axis extending from the top left corner
to the bottom left corner is a Y axis will be considered. A
direction from the top left corner of the B-mode image to the
top right corner is defined as the positive direction of the X
axis, and a direction from the top left corner of the B-mode
image to the bottom left corner is defined as the positive
direction of the Y axis. In the following description, the same
definition of the XY orthogonal coordinate system in relation
to an image will be applied unless otherwise defined.

[0235] FIG. 11A shows a B-mode image of a subject to be
examined including a puncture needle.

[0236] The puncture needle in FIG. 11A is displayed in a
discontinuous manner, and it is difficult to understand the
accurate position of the puncture needle. Thus, first, the punc-
ture needle connection processor 945 specifies a region where
the puncture needle is highly likely to be present from the
B-mode image as shown in FIG. 11A and specifies the tip
position of the puncture needle from the intensity distribution
on a line including the puncture needle within the specified
region. Moreover, the puncture needle connection processor
94b generates an image representing the puncture needle
based on the tip position of the puncture needle, superimposes
the image on the B-mode image, and outputs the B-mode
image to the differential processor 88.

[0237] The candidate point extractor 100 applies an edge
extraction filter (weighted addition filter) corresponding to
the insertion angle of the puncture needle to the B-mode
image shown in FIG. 11A to make the image continuous in
the direction of the insertion angle of the puncture needle.
Moreover, the candidate point extractor 100 performs thresh-
old processing on the B-mode image to which the edge
extraction filter is applied to thereby create an edge image
(see FIG. 11B) so that only the feature points (needle candi-
date points) having a luminance not lower than the threshold
appear white. The line generator 112 calculates the position
of a puncture needle candidate line from the distribution of
the feature points of the puncture needle within the edge
image.

[0238] Inthe edge image shown in FIG. 11B, a plurality of
puncture needle feature points displayed with a high lumi-
nance within the B-mode image are distributed. Among the
respective puncture needle feature points distributed within
the edge image, the points appearing at the positions where
the puncture needle is present are those mainly originating
from the puncture needle, whereas the points appearing over
the entire screen regardless of the positions where the punc-
ture needle is present are those originating from tissues or the
like other than the puncture needle. The puncture needle
feature points originating from tissues or the like become
noise when specifying the position of the puncture needle
based on the edge image. Thus, the line generator 112 per-
forms Hough transform on the edge image including noise
shown in FIG. 11B to thereby generate a puncture needle
candidate line which passes the largest number of puncture
needle feature points originating from the puncture needle.
Even when the edge image includes noise, since the puncture
needle feature points originating from the puncture needle
show a linear connection, it is possible to generate a line
which extends along the linear connection of the puncture
needle feature points originating from the puncture needle
through the Hough transform. FIG. 11C shows an image in
which the generated puncture needle candidate line 130 is
displayed so as to be superimposed on the edge image data.
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The puncture needle candidate line 130 shown in FIG. 11C
shows the puncture needle and the extension line of the punc-
ture needle.

[0239] The puncture needle candidate line 130 which rep-
resents the puncture needle and the extension line of the
puncture needle has an unclear boundary between the punc-
ture needle and a non-puncture needle region. Thus, the
boundary position on the puncture needle candidate line 130
between the puncture needle and the non-puncture needle
region, namely the tip position of the puncture needle is
calculated. FIG. 11D shows an edge image on which a region
132 is superimposed, in which the region 132 is obtained by
the region generator 114 expanding the puncture needle can-
didate line 130 generated through the Hough transform to a
predetermined width. The region 132 is a region which
includes the puncture needle candidate line 130. The region
generator 114 specifies the region 132 as a puncture needle
presence region where the puncture needle is present. Since
the puncture needle candidate line 130 extracted by the
Hough transform is a line which passes the largest number of
puncture needle feature points originating from the puncture
needle, a region including a number of puncture needle fea-
ture points is specified as the puncture needle presence region
132. The puncture needle connection processor 945 creates
the region 132 in this way and narrows the region 132 down to
a region where the puncture needle is highly likely to be
present. Here, the predetermined width to which the puncture
needle candidate line 130 is expanded may be the thickness of
the puncture needle read from the information storage unit 80
and may be set by the user while seeing the B-mode image or
the edge image.

[0240] Subsequently, the average luminance calculator 116
of the position specifying unit 106 rotates the edge image
shown in FIG. 11D until the longitudinal direction of the
region 132 becomes horizontal and defines an X'Y" orthogo-
nal coordinate system so that the longitudinal direction of the
region 132 corresponds to an X' axis, and the lateral direction
of the region 132 corresponds to a Y' axis. The average lumi-
nance calculator 116 averages the luminance values at the
points (points having the same X' coordinate value) within the
region 132 arranged in the Y'-axis direction. FIG. 12A is a
view showing the region 132 within the edge image so as to
correspond to a graph showing the distribution of average
luminance values on a line (the region 132 reduced to 1D as
the result of averaging the luminance values at the points with
the same X' coordinate value within the region 132) including
the puncture needle within the region 132 in order to illustrate
a method of specifying the tip position from the region 132.
The graph of FIG. 12A is a graph showing the distribution of
average luminance values in the region 132 as viewed in the
scanning direction (X'-axis direction), in which the X' coor-
dinate is shown on the horizontal axis, and the average lumi-
nance on the vertical axis. The maximum luminance specify-
ing unit 118 and the minimum luminance specifying unit 120
calculate the maximum and minimum values of the average
luminance based on the graph shown in FIG. 12A. The graph
shown in FIG. 12A is depicted in a simplified manner for
better understanding of the invention.

[0241] The puncture needle tip position calculator (herein-
after referred to as a position calculator) 122 scans the aver-
age luminance values from the maximum side of the X' coor-
dinate to the origin side in the graph of FIG. 12A showing the
relationship between the X' coordinate and the average lumi-
nance within the region 132 to thereby specify the tip position
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of the puncture needle. Specifically, the position calculator
122 specifies a point 134 at which the average luminance
which had a value near the minimum value due to the non-
presence of the puncture needle increases greatly to reach a
luminance corresponding to 80% of the difference between
the maximum and minimum values for the first time as the tip
position of the puncture needle. Here, the reason why the
average luminance values are scanned from the maximum
side of the X' coordinate is because by scanning the average
luminance values from a side where the puncture needle is
expected not to be present, a point at which the luminance
varies abruptly can be specified as the tip position of the
puncture needle. If the average luminance values are scanned
from the origin side, the average luminance at a position
where the puncture needle is discontinuous has a value near
the minimum value, and after that, a point where the puncture
needle is detected is likely to be specified as the tip end. In this
example, a point corresponding to 80% of the difference
between the maximum and minimum values, which is the
point empirically preferable as a point that can substantially
specify the puncture needle tip, is set as the tip position ofthe
puncture needle, although the proportion may not always be
80%. However, since a point originating from noise may be
specified as the tip position if a point too close to the mini-
mum side of the average luminance values is set as the tip
position, it is preferable to set the tip position to the point
corresponding to not less than 50% ofthe difference between
the maximum and minimum values of the average luminance.

[0242] Withinthe region 132, the average luminance values
in a region where the puncture needle is not present are
approximately 0. Thus, if the average luminance values are
scanned toward the 0 side from the maximum side of the X'
coordinate where the puncture needle is not present, values
near 0 appear for a considerable amount of time. When the
scanning advances into a region where the puncture needle is
present from the region where the puncture needle is not
present, the average luminance values increase abruptly. This
is because the puncture needle is detected in high luminance.
The position calculator 122 specifies the point 134 which is
the tip position of the puncture needle based on a change in
the average luminance values due to the presence/absence of
the puncture needle. After specifying the point 134 which is
the tip position of the puncture needle, the puncture needle tip
position calculator 122 converts the X'Y" orthogonal coordi-
nate system into the XY orthogonal coordinate system to
calculate the X and Y coordinates of the point 134.

[0243] The puncture needle image generator 108 generates
a line representing the puncture needle based on the puncture
needle candidate line 130 and the tip position 134 of the
puncture needle. Specifically, a segment 140 which is a line
representing the puncture needle is generated using the punc-
ture needle candidate line 130 as a segment which extends
from the position of the X coordinate 0 to a point 136 on the
puncture needle candidate line 130 having the same X coor-
dinate as the X coordinate of the tip position 134 of the
puncture needle. FIG. 12B is a schematic view showing the
segment 140 generated by the puncture needle image-genera-
tor 108. A point 138 in FIG. 12B is a point at which the
puncture needle candidate line 130 meets the left side of the
edge image.

[0244] The puncture needle connection processor 94b per-
forms the process of detecting the tip position of the puncture
needle and generating an image representing the puncture
needle at predetermined time intervals, superimposes an
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image representing the puncture needle generated latest on
the B-mode image, and outputs the B-mode image to the
differential processor 88. The puncture needle connection
processor 945 specifies the tip position of the puncture needle
and superimposes the generated puncture needle image (the
image representing the puncture needle) on the B-mode
image, whereby a frame image in which the position of the
puncture needle is clearly visible can be output to the differ-
ential processor 88.

[0245]  As the puncture tool connection process of making
the puncture needle continuous, a puncture needle connection
process of extracting and connecting needle candidate points
to thereby generate a puncture needle image, applied in an
ultrasound image generation apparatus and an ultrasound
image generation method according to the second aspect of
the invention can be applied.

[0246] The puncture needle connection process performed
by the puncture needle connection processor 945 may be
performed as the LUT processing performed by the tip detec-
tor 70.

[0247] The ultrasound image diagnostic apparatus accord-
ing to the first aspect of the invention basically has the con-
figuration described hereinabove.

[0248] Next, the operation of the ultrasound image diag-
nostic apparatus and the ultrasound image generation method
according to the first aspect of the invention will be described.
[0249] FIG. 13 is a flowchart showing an example of main
parts of the ultrasound image generation method according to
the present aspect, in which the flowchart starts from a step of
generating a differential image and ends with a step of gen-
erating a combined image in which a tip image including
colored puncture needle tip candidates is superimposed on a
B-mode image.

[0250] First, an operator brings the ultrasound wave trans-
ceiving surface of the ultrasound probe 12 into contact with
the surface of a subject to be examined. In this state, ultra-
sound waves are transmitted from the plurality of transducers
34 in accordance with the driving signal supplied from the
transmission driver 38 of the probe body 16, and the reception
signals output from the respective transducers 34 having
received the ultrasound echoes from the subject are supplied
to the corresponding reception signal processors 36, whereby
the sample data are generated. The sample data are transmit-
ted to the diagnostic apparatus main body 14 through the
communication cable 18 and stored in the data storage unit
46. Moreover, the sample data of each frame are read from the
data storage unit 46, and B-mode image data of each frame are
generated by the image generator 64 of the combined image
generator 48, and B-mode image data of time-sequential
frames are stored in the frame image storage unit 66.

[0251] Subsequently, in accordance with the flow of FIG.
13, a combined image in which the tip image in which punc-
ture needle tip candidates are colored as the highlighting
process is superimposed on the B-mode image is generated.
[0252]  As shown in FIG. 13, first, in step S10, the differen-
tial image generator 68 performs differential processing to
generate a frame differential image shown in FIG. 14C from
the B-mode image data of two time-sequential frames, a
frame earlier than the present frame and the present frame
shown in FIGS. 14A and 14B, read from the frame image
storage unit 66.

[0253] Subsequently, in step S12, the candidate point
extractor 82 of the tip candidate detector 74 of the tip detector
70 performs LUT processing using a tip enhancement filter
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shown in FIG. 14D to extract tip candidate points. The tip
enhancement filter shown in FIG. 14D is a filter for causing
defocusing in the insertion direction of the puncture needle
which has a rectangular shape and a size of 15x27 pixels, and
which has filter coefficients weighted along the insertion
direction of the puncture needle by a Gaussian filter shown in
FIG. 15. FIG. 14E shows a LUT-processed image obtained
through the LUT processing using the tip enhancement filter.

[0254] FIG. 16 shows the distribution of puncture needle
tip candidate points in a rectangular region including a punc-
ture needle tip in an image which is obtained by binarizing the
frame differential image shown in FIG. 14C based on a lumi-
nance difference. As can be understood from FIG. 16, after
the binarization, a plurality of puncture needle tip candidate
points are present at positions other than the vicinity of the
puncture needle tip.

[0255] Subsequently. in step S14, the tip candidate speci-
fying processor 84 specifies only the central point of tip
candidate points in a region having a high correlation with the
puncture needle, in particular, the tip end thereof as the tip
candidate.

[0256] In step S16, it is determined whether the tip candi-
date specifying processor 84 has finished the process of
extracting and specifying the tip candidates within the differ-
ential image. If the process has not finished, the flow returns
to step S14 and the process of extracting and specifying the tip
candidates is continued. If the process has finished, the flow
proceeds to step S18.

[0257] Instep S18, thetip candidate processor 76 colors the
tip candidates specified in step S14 to generate a tip image.

[0258] Subsequently. in step S20, the image combiner 72
combines the tip image generated in step S18 with the ultra-
sound image (B-mode image) of the present frame to thereby
generate a combined image in which the tip candidates col-
ored by the tip candidate processor 76 are superimposed on
the ultrasound image of the present frame.

[0259] Subsequently, in step S22, it is determined whether
the image combiner 72 has finished the process of generating
the combined image. If the process has not finished, the flow
returns to step S10, and the process which starts from the step
of generating the differential image and ends at step S20 of
generating the combined image is repeated. If the process has
finished, the processes of FIG. 13 end.

[0260] After that, the combined image combined by the
image combiner 72 is sent to the display controller 50 and
converted into a combined image signal for display, and a
combined image in which the colored tip candidates are
superimposed on the ultrasound image of the present frame is
displayed on the display unit 52.

[0261] Theultrasound image generation method of the first
aspect of the invention is performed in the above-described
manner.

[0262] Theexample shown in FIG. 13 shows an example in
which a tip candidate is always detected from the differential
image. However, since the tip candidate may not be detected,
aprocess taking a case where no tip candidate is detected into
consideration will be described.

[0263] FIG. 17 is a flowchart showing an example of the
ultrasound image generation method according to the first
aspect of the invention, taking a case where no tip candidate
is detected into consideration.
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[0264] First, in step S30, B-mode image data of the present
frame is subtracted from B-mode image data of a frame
earlier than the present frame to generate frame differential
image data.

[0265] Subsequently, in step S32, the LUT processing or
the tip candidate specifying process is performed on the dif-
ferential image data to thereby detect puncture needle tip
candidates.

[0266] In step S34, it is determined whether a puncture
needle tip candidate is detected in step S32. If the puncture
needle tip candidate is detected, the flow proceeds to step S36
by determining that the detection was successful. If the punc-
ture needle tip candidate is not detected, the flow proceeds to
step S46.

[0267] In step S36, detection information including the
information on the puncture needle tip candidate detected in
step S32 is stored in a memory (the tip candidate storage unit
78).

[0268] In step S38, the detected tip candidate is read from
the memory, and the read tip candidate is colored, whereby a
tip image of the puncture needle is generated.

[0269] In step S40, the tip image generated in step S38 is
superimposed on the ultrasound image (B-mode image) of
the present frame, whereby a combined image in which the
colored tip candidate is superimposed on the ultrasound
image of the present frame is generated.

[0270] In step S42, the combined image in which the col-
ored tip candidate is superimposed on the ultrasound image of
the present frame is displayed on the display unit 52.

[0271] Subsequently, in step S44, it is determined whether
the process of detecting puncture needle tip candidates and
displaying the combined image will be continued. If the pro-
cess is to be continued, the flow returns to step S30, the
process which starts from the step of generating the differen-
tial image data and ends at step S42 of displaying the com-
bined image is repeated. If the process is to be finished, the
processes of FIG. 17 end.

[0272] On theother hand, when it is determined in step S34
that the detection of the puncture needle tip candidate was not
successful, it is determined in step S46 whether the detection
information on the past puncture needle tip candidates in the
memory will beused. If the information is to be used, the flow
proceeds to step S48. If the information is not to be used, the
flow proceeds to step S50.

[0273] Instep S48, the past puncture needle tip candidates
are colored using the detection information read from the
memory to thereby generate a tip image of the puncture
needle, and the flow proceeds to step S40. In step S40, the tip
image of the puncture needle generated in step S48 is supet-
imposed on the ultrasound image (B-mode image) of the
present frame, whereby a combined image is generated.
[0274] In step S50, since there is no detection information
and no tip candidate, the ultrasound image of the present
frame is displayed on the display unit 52, and the flow pro-
ceeds to step S44. In step S44, as described above, it is
determined whether the detection process will be continued,
and the detection process is continued or finished in accor-
dance with the determination result.

[0275] In the embodiment shown in FIG. 1, as described
above, the processes of generating the differential image of
two frames, detecting the tip candidates, generating the tip
image, and superimposing the tip image on the ultrasound
image (B-mode image) of the present frame are performed
based on the B-mode image signals generated by the image
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processor 62 of the image generator 64. However, the inven-
tion is not limited to this, and instead of the B-mode image
signals, as shown in FIG. 18, the processes of generating the
differential image of two frames, detecting the tip candidates,
generating the tip image, and superimposing the tip image on
the ultrasound image of the present frame may be performed
based on baseband signals (acoustic-ray signals) having been
subjected to beam forming processing by the phasing addi-
tion unit 60 of the image generator 64, namely echo signals of
each frame. Thus, in the invention, any one of the frame echo
signals and the B-mode image signals may be used.

[0276] FIG. 18 is a block diagram schematically showing a
configuration of another embodiment of the diagnostic appa-
ratus main body of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0277] A diagnostic apparatus main body 14a shown in
FIG. 18 includes the data storage unit 46, a combined image
generator 48a, and the display unit 52, and although not
shown, further includes the main body controller, the opera-
tion unit, and the storage unit similarly to FIG. 1. Moreover,
the combined image generator 48a includes the image gen-
erator 64, a time-sequential frame echo signal storage umt
(hereinafter also referred to as an echo signal storage unit)
664, a time-sequential frame differential echo signal genera-
tor (hereinafter also referred to simply as a differential echo
signal generator) 68a, a puncture needle tip detector (tip
detector) 70a, and an image combiner 72a.

[0278] The echo signal storage unit 66a, the differential
echo signal generator 68a, the tip detector 70a, and the image
combiner 72a of the combined image generator 48a of the
diagnostic apparatus main body 14¢ shown in FIG. 18 are the
same as the image storage unit 66, the differential image
generator 68, the tip detector 70, and the image combiner 72
of the combined image generator 48 of the diagnostic appa-
ratus main body 14 shown in FIG. 1, except that the elements
shown in FIG. 18 perform processes based on echo signals
whereas the elements shown in FIG. 1 perform processes
based on B-mode image signals. That is, the contents of the
processes performed by the two groups of elements are
approximately the same, except that the signals (data) to be
processed are different. Thus, detailed description of the con-
tents of the same processes performed by the respective ele-
ments will not be provided.

[0279] The echo signal storage unit 66a is a memory that
time-sequentially stores echo signals representing images of
a plurality of frames.

[0280] The differential echo signal generator 68a calcu-
lates adifference between echo signals of two time-sequential
frames stored in the echo signal storage unit 66a to thereby
generate a differential echo signal.

[0281] Thetip detector 70a which is the most characteristic
portion of the present embodiment performs a process of
detecting a tip end from the differential echo signal generated
by the differential echo signal generator 68a, detects at least
one tip candidate including a puncture needle tip, highlights
the detected tip candidates, and generates a highlighted tip
image. The tip candidates detected from the differential echo
signal are preferably subjected to the same conversion pro-
cess as used by the image processor 62 to generate B-mode
image signals, and the tip image is preferably expressed by
B-mode image signals.

[0282] The image combiner 72a combines the tip image
(needle tip enhanced image) generated by the tip detector 70a
with an ultrasound image of the present frame, which is the
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B-mode image generated by the image processor 62, to
thereby generate a combined ultrasound image.

[0283] When the tip image generated by the tip detector
70a is not expressed by B-mode image signals, the image
combiner 72a performs the same conversion process as used
by the image processor 62 on the tip image to generate
B-mode image signals and then combines the tip image so as
to be superimposed on the ultrasound image of the present
frame, which is a B-mode image.

[0284] When the ultrasound image of the present frame,
which is the B-mode image generated by the image processor
62 is expressed by a display image signal which is scan-
converted by the DSC, it is necessary to perform scan con-
version with the DSC so that the tip image converted into the
B-mode image is also expressed by a display image signal.
[0285] The conversion from signals or data subjected to
processing into B-mode image signals and the scan conver-
sion may be performed in any step as long as the signals or
data to be combined have the same format when they are
combined by the image combiner 72a. The scan conversion
may not be performed in the combined image generator 48a
when it is performed by the display controller 50.

[0286] The ultrasound diagnostic apparatus and the ultra-
sound image generation method according to the first aspect
of the invention have the above-described configuration.
[0287] Next, an ultrasound image generation apparatus and
an ultrasound image generation method according to the sec-
ond aspect of the invention will be described.

[0288] FIG.191s a functional block diagram schematically
showing a configuration of an embodiment of an ultrasound
image generation apparatus according to the second aspect of
the invention.

[0289] An ultrasound image generation apparatus (herein-
after referred to as a generation apparatus) 200 shown in FIG.
19 includes a transceiving controller 202, an image generator
204, a puncture needle candidate point extractor 206, a punc-
ture needle information storage unit 208, a candidate point
position storage unit 210, a puncture needle region specifying
unit 212, a puncture needle tip position specifying unit 214, a
puncture needle image generator 216, an image combiner
218, and an image display controller 220. The generation
apparatus 200 is used by being electrically connected to a
probe 222 and an image display unit 224. The generation
apparatus 200, the probe 222, and the image display unit 224
form an ultrasound diagnostic apparatus 10a, and the genera-
tion apparatus 200 and the image display unit 224 form a
diagnostic apparatus main body 14a. Some constituent ele-
ments of the generation apparatus 200 are the same as those of
the ultrasound diagnostic apparatus 10 shown in FIGS. 1, 2,
and 9, and detailed description thereof will not be provided.
[0290] Although not shown, the probe 222 includes a plu-
rality of piezoelectric elements, transmits ultrasound waves
from the plurality of piezoelectric elements toward a patient,
and receives echoes reflected from the patient. The piezoelec-
tric element generates an echo signal upon receiving the
echoes. The probe 222 is connected to the generation appa-
ratus 200 through a communication cable not shown and
outputs the echo signal to the transceiving controller 202
through the communication cable.

[0291] The probe 222 of the present embodiment may be
one which includes the plurality of transducers 34, the plu-
rality of reception signal processors 36, and the transmission
driver 38 of the probe body 16 of the ultrasound probe 12
shown in FIG. 1.
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[0292] Although not shown, the transceiving controller 202
includes a pulser that generates a high-voltage electrical sig-
nal, an amplifier that amplifies the echo signal reflected from
the patient and input from the probe 222, a low-pass filter that
rejects high-frequency components of the echo signal, and an
A/D converter that converts analog signals into digital sig-
nals. The high-voltage pulse signal generated by the pulser is
applied to the piezoelectric elements (not shown) in the probe
222, whereby ultrasound waves are transmitted from the
probe 222.

[0293] In the transceiving controller 202, the echo signal
output from the probe 222 is amplified by the amplifier,
high-frequency components of the echo signal are rejected by
the low-pass filter, the resulting signal is A/D converted by an
A/D converter, and the resulting signal is output to the image
generator 204.

[0294] The transceiving controller 202 of the present
embodiment may be one which includes the reception signal
processors 36, the transmission driver 38, the transmission
controller 42, the reception controller 42, and the probe con-
troller 44 of the probe body 16 of the ultrasound probe 12
shown in FIG. 1.

[0295] In the present embodiment, although the probe 222
does not include the transceiving controller 202, the probe
222 may include the transceiving controller 202 similarly to
the probe body 16 of the ultrasound probe 12 shown in FIG.
1. Moreover, the probe 222 may include a puncture adapter
similarly to the ultrasound probe 12 shown in FIG. 1.

[0296] Although not shown, the image generator 204
includes a delay circuit, an addition circuit, and a STC circuit.
The image generator 204 adds the echo signals output from
the transceiving controller 202 by delaying in accordance
with the position of the piezoelectric element to thereby form
an acoustic-ray signal. In the image generator 204, the STC
circuit corrects attenuation of the acoustic-ray signal based on
a distance in accordance with the depth of the reflection
position of the ultrasound wave. After that, the image genera-
tor 204 generates B-mode image data.

[0297] The image generator 204 may be configured by the
image generator 64 of the diagnostic apparatus main body 14
shown in FIG. 1, which includes the phasing addition unit 60
and the image processor 62. Moreover, a storage unit (data
storage unit) which temporarily stores the digital echo signal
may be provided between the image generator 204 and the
transceiving controller 202.

[0298] The puncture needle information storage unit (here-
inafter also referred to as an information storage unit) 208 is
a storage unit that stores information on the puncture needle
which is a puncture tool. Here, the information storage unit
208 may have the same configuration and function as the
information storage unit 80 shown in FIG. 2 in that it stores
information on the puncture needle. The information storage
unit 208 acquires and stores information on the puncture
needle through the input or the like from the user.

[0299] The puncture needle candidate point extractor 206
extracts needle candidate points as the feature points of the
puncture needle using the information on the puncture needle
stored in the information storage unit 208 and the B-mode
image data generated by the image generator 204. Specifi-
cally, an edge extraction filter is applied to the B-mode image
data, which are then subjected to CFAR processing and
threshold processing, whereby edge image data are created.
Then, candidate points of the puncture needle are extracted
from the edge image data as the feature points on the puncture
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needle. Here, the puncture needle candidate point extractor
206 may have a configuration different from the puncture
needle candidate point extractor 100 shown in FIG. 9 in that
it performs speckle noise removal processing, CFAR process-
ing, MIP processing, or the like. However, the puncture
needle candidate point extractor 206 may have the same con-
figuration and function as the puncture needle candidate point
extractor 100 shown in FIG. 9 with regard to extraction of
needle candidate points. Thus, the same description as that of
the puncture needle candidate point extractor 100 1s applied
with regard to the display of the puncture needle and extrac-
tion of feature points, and redundant description thereof will
not be provided. The candidate points (feature points) of the
puncture needle may be detected from one frame and may be
detected from a plurality of frames. When detecting the can-
didate points from a plurality of frames, it is preferable to use
about five frames while updating the frames and the candidate
points.

[0300] The candidate point position storage unit 210 has
the same configuration and function as the candidate point
position storage unit 102 shown in FIG. 9. That is, the candi-
date point position storage unit 210 stores the positions of all
needle candidate points extracted by the puncture needle
candidate point extractor 206 and outputs the positions of the
puncture needle candidate points to the puncture needle
region specifying unit 212.

[0301] The puncture needle region specifying unit 212 has
the same configuration and function as the puncture needle
region specifying unit 104 shown in FIG. 9. That is, the
puncture needle region specifying unit 212 generates a line
(puncture needle candidate line) representing the puncture
needle and the extension line of the puncture needle based on
the distribution of a plurality of needle candidate points stored
in the candidate point position storage unit 210. The puncture
needle region specifying unit 212 specifies a region including
the generated line as a region where the puncture needle is
present.

[0302] The puncture needle tip position specifying unit 214
has the same configuration and function as the puncture
needle tip position specifying unit 106 shown in FIG. 9. That
is, the puncture needle tip position specifying unit 214 speci-
fies the tip position of the puncture needle based on luminance
information of a region, in which the puncture needle is
highly likely to be present, specified by the puncture needle
region specifying unit 212 and outputs the specified tip posi-
tion to the puncture needle image generator 216.

[0303] The puncture needle image generator 216 has the
same configuration and function as the puncture needle image
generator 108 shown in FIG. 9. That is, the puncture needle
image generator 216 generates an image representing the
puncture needle based on the line representing the puncture
needle and the extension line of the puncture needle, gener-
ated by the puncture needle region specifying unit 212 and the
tip position of the puncture needle specified by the puncture
needle tip position specifying unit 214 and outputs the image
to the image combiner 218. Thus, the same description as that
of the puncture needle image generator 108 is applied with
regard to the form selection and generation of the image
representing the puncture needle and setting of the color,
luminance, and the like of the image representing the punc-
ture needle, except that the puncture needle information is
read from the information storage unit 208. Therefore, redun-
dant description thereof will not be provided.
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[0304] The puncture needle candidate point extractor 206,
the information storage unit 208, the candidate point position
storage unit 210, the puncture needle region specifying unit
212, the puncture needle tip position specifying unit 214, and
the puncture needle image generator 216 described above
form a puncture needle detection circuit.

[0305] The image combiner 218 generates combined
B-mode image data in which the image representing the
puncture needle generated by the puncture needle image gen-
erator 216 is displayed so as to be superimposed on the
B-mode image data output from the image generator 204. The
image combiner 218 outputs the combined B-mode image
data to the image display controller 220.

[0306] Theimage display controller 220 has a DSC and has
the same configuration and function as the display controller
50 of the diagnostic apparatus main body 14 shown in FIG. 1.
In the image display controller 220, the DSC converts the
combined B-mode image data combined by the image com-
biner 218 into display image data corresponding to a general
television signal scanning format, performs necessary image
processing such as gradation processing, and outputs the
processed display image data to the image display unit 224.
The generation apparatus 200 specifies the tip position of the
puncture needle from the B-mode image to create an image
representing the puncture needle, combines the image with
the B-mode image, and causes the combined image to be
displayed on the image display unit 224.

[0307] The transceiving controller 202, the image genera-
tor 204, the puncture needle candidate point extractor 206, the
candidate point position storage unit 210, the puncture needle
region specifying unit 212, the puncture needle tip position
specifying unit 214, the puncture needle image generator 216,
the image combiner 218, and the image display controller 220
may be realized by a combination of a central processing unit
(CPU) and software (programs) for causing the CPU to
execute various processes.

[0308] The puncture needle region specifying unit 212 and
the puncture needle tip position specifying unit 214 shown in
FIG. 19 have the same configuration and function as the
puncture needle region specifving unit 104 and the puncture
needle tip position specifying unit 106 shown in FIG. 10,
respectively, and detailed description thereof will not be pro-
vided.

[0309] Although not shown, the puncture needle region
specifying unit 212 has a puncture needle line generator and
a puncture needle region generator similarly to the puncture
needle region specifying unit 104 shown in FIG. 10. These
constituent elements have the same configuration and func-
tion as the puncture needle line generator 112 and the punc-
ture needle region generator 114 shown in FIG. 10, respec-
tively, and detailed description thereof will not be provided.

[0310] Although not shown, the puncture needle tip posi-
tion specifying unit 214 has an average luminance calculator,
a maximum luminance specifying unit, a minimum lumi-
nance specifying unit, and a puncture needle tip position
calculator similarly to the puncture needle tip position speci-
fying unit 104 shown in FIG. 10. These constituent elements
have the same configuration and function as the average lumi-
nance calculator 116, the maximum luminance specifying
unit 118, the minimum luminance specifying unit 120, and
the puncture needle tip position calculator 122 shown in FIG.
10, respectively, and detailed description thereof will not be
provided.
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[0311] Next, with reference to FIGS. 11A to 11D and FIGS.
12A and 12B used for description of the first aspect of the
invention, a method in the ultrasound image generation appa-
ratus 200 of the present embodiment, of calculating the tip
position of the puncture needle from the B-mode image and a
method of generating the image representing the puncture
needle will be described in more detail. Moreover, the func-
tions of the respective constituent elements of the puncture
needle tip position specifying unit 214 of the present embodi-
ment will be described. The description is the same as that of
the method of detecting the tip position of the puncture needle
and the method of generating the puncture needle image
made with reference to FIGS. 11A to 11D and FIGS. 12A and
12B and the description of the functions of the respective
constituent elements of the position specifying unit 106
shown in FIG. 9. Thus, detailed description thereof will not be
provided.

[0312] When the B-mode image of the patientincluding the
puncture needle is displayed as shown in FIG. 114, since the
puncture needle in the drawing is displayed ina discontinuous
manner, it is difficult for the user to understand the accurate
position of the puncture needle. Thus, first, the generation
apparatus 200 specifies a region in which the puncture needle
is highly likely to be present from the B-mode image as shown
in FIG. 11A and specifies the tip position of the puncture
needle from the intensity distribution on a line including the
puncture needle within the region. Moreover, the generation
apparatus 200 generates an image representing the puncture
needle based on the tip position of the puncture needle and
displays the image on the image display unit 224 together
with the B-mode image. That is, the generation apparatus 200
displays the image of the puncture needle generated by speci-
fying the position of the puncture needle together with the
B-mode image in which the puncture needle 1s hardly visible
to the user, so that the user can understand the accurate posi-
tion of the puncture needle.

[0313] The puncture needle candidate point extractor 206
applies an edge extraction filter corresponding to an insertion
angle of the puncture needle to the B-mode image shown in
FIG. 11A to thereby make the image continuous in the direc-
tion of the insertion angle of the puncture needle. Moreover,
the puncture needle candidate point extractor 206 performs a
layer structure removal processing such as CFAR processing
to thereby remove a bright line extending in the X-axis direc-
tion in the lower part of the drawing. Furthermore, the punc-
ture needle candidate point extractor 206 performs threshold
processing on the B-mode image to which the edge extraction
filter has been applied to thereby create an edge image (see
FIG. 11B) so that only the feature points (needle candidate
points) having a luminance not lower than the threshold
appear white. The puncture needle line generator calculates
the position of a puncture needle candidate line from the
distribution of the puncture needle candidate points within
the edge image.

[0314] The puncture needle line generator performs Hough
transform on the edge image including noise shown in FIG.
11B to thereby generate a puncture needle candidate line
which passes the largest number of needle candidate points
originating from the puncture needle. FIG. 11C shows an
image in which the generated puncture needle candidate line
130 is displayed so as to be superimposed on the edge image
data.

[0315] The puncture needle candidate line 130 which rep-
resents the puncture needle and the extension line of the
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puncture needle has an unclear boundary between the punc-
ture needle and a non-puncture needle region. Thus, the tip
position of the puncture needle, which is the boundary posi-
tion on the puncture needle candidate line 130 between the
puncture needle and the non-puncture needle region, is cal-
culated.

[0316] The puncture needle region generator expands the
puncture needle candidate line 130 to a predetermined width
and specifies the region 132 shown in FIG. 11D as a puncture
needle presence region. The generation apparatus 200 creates
the region 132 in this way and narrows the region in which the
puncture needle is highly likely to be present. Here, the pre-
determined width for expanding the puncture needle candi-
date line 130 may be the thickness of the puncture needle read
from the information storage unit 208 and may be set by the
user while seeing the B-mode image or the edge image.
[0317] Subsequently. the average luminance calculator of
the puncture needle tip position specifying unit 214 rotates
the edge image shown in FIG. 11D until the longitudinal
direction of the region 132 becomes horizontal and defines an
X'Y" orthogonal coordinate system so that the longitudinal
direction of the region 132 corresponds to an X' axis, and the
lateral direction of the region 132 corresponds to a Y' axis.
The average luminance calculator averages the luminance
values at the points (points having the same X' coordinate
value) within the region 132 arranged in the Y'-axis direction.
The maximum luminance specifying unit and the minimum
luminance specifying unit calculate the maximum and mini-
mum values of the average luminance based on the graph
shown in FIG. 12A.

[0318] Thepuncture needle tip position calculator scans the
average luminance values from the maximum side of the X'
coordinate to the origin side in the graph of FIG. 12A showing
the relationship between the X' coordinate and the average
luminance within the region 132 to thereby specify the tip
position of the puncture needle. Specifically, the puncture
needle tip position calculator specifies a point 134 at which
the average luminance which had a value near the minimum
value due to the non-presence of the puncture needle
increases greatly to reach a luminance corresponding to 80%
of the difference between the maximum and minimum values
for the first time as the tip position of the puncture needle.
[0319] Withintheregion 132, the average luminance values
in a region where the puncture needle is not present are
approximately 0. When the scanning advances into a region
where the puncture needle is present, the average luminance
values increase abruptly. The puncture needle tip position
calculator specifies the point 134 which is the tip position of
the puncture needle based on a change in the average lumi-
nance value due to the presence/absence of the puncture
needle. After specifying the point 134 which is the tip position
of the puncture needle, the puncture needle tip position cal-
culator converts the X'Y" orthogonal coordinate system into
the XY orthogonal coordinate system to calculate the X and Y
coordinates of the point 134.

[0320] The puncture needle image generator 216 generates
a line representing the puncture needle based on the puncture
needle candidate line 130 and the tip position 134 of the
puncture needle. Specifically, as shown in FIG. 12B, a seg-
ment 140 which is a line representing the puncture needle is
generated using the puncture needle candidate line 130 as a
segment which extends from the position of the X coordinate
0 to a point 136 on the puncture needle candidate line 130
having the same X coordinate as the X coordinate of the tip
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position 134 of the puncture needle. FIG. 12B is a schematic
view showing the segment 140 generated by the puncture
needle image generator 216.

[0321] The generation apparatus 200 performs the process
of detecting the tip position of the puncture needle and gen-
erating an image representing the puncture needle at prede-
termined time intervals and displays the image representing
the puncture needle generated latest on the image display unit
224. The generation apparatus 200 specifies the tip position of
the puncture needle and displays the generated puncture
needle image (the image representing the puncture needle) so
as to be superimposed on the B-mode image, so that the
position of the puncture needle can be displayed so as to be
easily understood by the user.

[0322] As the process in the generation apparatus 200, of
specifying the tip position of the puncture needle and super-
imposing the generated puncture needle image on the
B-mode image to thereby generate a combined image, the
puncture needle connection process applied to the ultrasound
diagnostic apparatus and the ultrasound image generation
method according to the first aspect of the invention can be
applied, for example.

[0323] Next, the operation of the ultrasound image genera-
tion apparatus and the ultrasound image generation method
according to the invention will be described with reference to
FIG. 20.

[0324] FIG.20is a flowchart showing the flow ofa series of
processes related to the operation of displaying the puncture
needle image in a superimposed manner in the ultrasound
image generation apparatus 200 that performs the ultrasound
image generation method of the invention. After ultrasound
images are acquired, in step S100, the user sets the time
interval for detecting needle candidate points. In step S102,
the puncture needle candidate point extractor 206 extracts
needle candidate points. In step S104, the coordinates of the
puncture needle candidate points are stored in the candidate
point position storage unit 210. In step S106, the puncture
needle region specifying unit 212 specifies the puncture
needle candidate line representing the puncture needle and
the extension line of the puncture needle based on the distri-
bution of the puncture needle candidate points. In step S108,
the puncture needle tip position specifying unit 214 specifies
the tip position of the puncture needle. In step S110, the
puncture needle image generator 216 generates the image
representing the puncture needle. In step S112, the image
combiner 218 combines the B-mode image and the image
representing the puncture needle, and the image display con-
troller 220 causes the image display unit 224 to display the
image representing the puncture needle so as to be superim-
posed on the B-mode image.

[0325] In step S114, the user selects whether or not to
change a superimposition method. If the user selects to
change the superimposition method, the flow returns to step
S110, and an image representing the puncture needle of
which the superimposition method is changed is displayed so
as to be superimposed on the B-mode image. If the user
selects not to change the superimposition method in step
S114, the flow proceeds to step S116. In step S116, the user
selects whether or not to change the time interval for extract-
ing needle candidate points. If the user selects to change the
time interval, the flow returns to step S100, a new extraction
time interval is set, and the puncture needle candidate points
are extracted again. If the user selects not to change the time
interval for extracting needle candidate points in step S116,
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the flow proceeds to step S118. In step S118, the user selects
whether or not to process the next frame. If the user selects to
process the next frame, the flow returns to step S100. If the
user selects not to process the next frame in step S118, the
processes are terminated.

[0326] FIG. 21 is a flowchart illustrating the operation of
step S102 in more detail. In step S200, the user selects
whether or not to set a predicted insertion region (a region in
which the puncture needle is predicted to be inserted). If the
user selects to set the predicted insertion region, the flow
proceeds to step S202, the predicted insertion region is set,
and then, the flow proceeds to step S204. Ifthe user selects not
to set the predicted insertion region in step S200, the flow
proceeds to step S204. In step S204, the user selects whether
or not to enhance the image quality of a region (hereinafter
referred to as a target region) which the user wants to see in
particular detail. If the user selects to do so, the flow proceeds
to step S206, and the user sets a target region. In step S208, the
image quality of the target region is enhanced, and then, the
flow proceeds to step S210. If the user selects not to enhance
the image quality of the target region in step S204, the flow
proceeds to step S210. In step S210, an edge extraction filter
is applied. In step S212, threshold processing is performed. In
step S214, needle candidate points are extracted from the
edge image which has been subjected to threshold processing,
and the flow proceeds to step S104.

[0327] The operation of setting the predicted insertion
region in step S202 will be described with reference to FIGS.
22A to 22D. In FIGS. 22A to 22D, a case where a B-mode
image 231 is positioned in an XY orthogonal coordinate
system in which the top left corner of the image is at the
origin, a horizontal axis extending from the top left corner to
the top right corner is an X axis, and a vertical axis extending
from the top left corner to the bottom left corner is a Y axis
will be considered. In FIG. 22A, a broken line 230 is a
puncture guide line. The puncture needle candidate point
extractor 206 sets a predicted insertion region based on the
puncture guide line 230. When a probe is attached to a punc-
ture adapter, since the insertion path of the puncture needle is
determined by the puncture adapter to some extent, it is pos-
sible to display the puncture guide line.

[0328] In the present embodiment, the predicted insertion
region can be set by the user selecting one of three regions
having different widths. The predicted insertion region is
assumed to have a shape that the puncture guide line is
expanded to a predetermined width in the Y-axis direction.
For example, when performing puncturing on a shallow por-
tion such as a breast cancer, a narrow region (a region having
approximately the same width as the puncture guide line), an
average region (a region obtained by expanding the puncture
guide line by +0.5 cm in both the positive and negative Y-axis
directions), and a wide region (a region obtained by expand-
ing the puncture guide line by +1 ¢cm in both the positive and
negative Y-axis directions) are used. The information on a
plurality of lines displaced by a predetermined distance from
the puncture guide line in both the positive and negative
Y-axis directions of the puncture guide line is stored, and an
image region interposed by the plurality of lines is generated
as the predicted insertion region. Since the likelihood of the
puncture needle being shifted from the puncture guide line
increases as puncturing is performed on a deeper portion, and
the amount of shift increases, the area of the predicted inser-
tion region may be increased. For example, the wide region
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may be a region obtained by expanding the puncture guide
line by 1.5 cm in both the positive and negative Y-axis direc-
tions.

[0329] FIG. 22B shows a case when the predicted insertion
region is set to a narrow range. In FIG. 22B, a region 232
represents the predicted insertion region.

[0330] FIG.22C shows a case when the predicted insertion
region is set to an average range. In FIG. 22C, a region 234
represents the predicted insertion region. The region 234 is
wider than the region 232.

[0331] FIG. 22D shows a case when the predicted insertion
region is set to a wide range. In FIG. 22D, a region 236
represents the predicted insertion region. The region 236 is
wider than the region 234.

[0332] When the predicted insertion region is set, the punc-
ture needle candidate point extractor 206 performs threshold
processing or the like on only the inside of the predicted
insertion region to extract needle candidate points from the
inside of the predicted insertion region. When the puncture
needle candidate points are extracted from only the inside of
the predicted insertion region, the number of needle candidate
points originating from tissues or the like in the edge image
generated from the predicted insertion region decreases.
Thus, the proportion of needle candidate points originating
from the puncture needle in relation to all needle candidate
points increases. Therefore, it is possible to generate the
puncture needle candidate line with higher precision.

[0333] Theoperation of setting the target region which will
be subjected to image quality enhancement, described in step
S206 will be described with reference to FIG. 23.

[0334] The usersets the target region by checking the posi-
tion of a puncture needle 238 on a B-mode image 242. Spe-
cifically, the user checks the position of the puncture needle
238 with naked eyes and sets a region in which the entire
puncture needle 238 is included as a target region 240. In FIG.
23, for better understanding of the invention, the puncture
needle 238 is depicted in a continuous manner. In this
example, although the user sets the target region, the target
region may not always be set by the user. For example, the
ultrasound image generation apparatus 200 may automati-
cally set a region in which the entire image representing the
puncture needle, generated by the puncture needle image
generator 216 is included as the target region.

[0335] The transceiving controller 202 performs an image
quality enhancing process on the target region. Specifically,
the transceiving controller 202 causes the probe 222 to per-
form an acoustic ray increasing process of increasing the
number of acoustic rays in the target region to thereby per-
form the image quality enhancing process so that the target
region has higher image quality than region other than the
target region. The acoustic ray increasing process is a process
of narrowing the distance from which ultrasound waves are
irradiated to thereby obtain echo signals more finely. Thus, a
high-precision image can be obtained from the region sub-
jected to the acoustic ray increasing process. In this example,
although the acoustic ray increasing process is performed on
the target region, the image quality enhancing process on the
target region is not limited to the acoustic ray increasing
process. For example, a steer beam process (a process of
irradiating ultrasound waves in a direction vertical to the
longitudinal direction of the puncture needle to increase ech-
oes reflected from the puncture needle) or a frequency com-
pound process (a process of increasing the band of transmis-
sionand reception signals, dividing the band into several parts
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to form a plurality of images, averaging these images to
thereby decrease speckle noise) may be performed.

[0336] When the target region is set in advance, and needle
candidate points are extracted from the target region having
been subjected to the image quality enhancing process, since
Hough transform can be performed using needle candidate
points in which noise is reduced, it is possible to improve the
precision in specifying the position of the puncture needle.
For example, since speckle noise can be reduced when the
frequency compound process is performed, the proportion of
the puncture needle candidate points originating from the
puncture needle increases when threshold processing is per-
formed. In FIG. 23, although the frame border of the target
region 240 is depicted so as not to overlap the frame border of
the B-mode image 242 for better understanding of the inven-
tion, the target region 240 naturally does not include a region
on the outer side of the B-mode image 242.

[0337] A modified example of a method of displaying the
puncture needle image so as to be superimposed on the
B-mode image will be described with reference to FIGS. 24 A
to 24D. In FIGS. 24A to 24D, the puncture needles superim-
posed on the B-mode image are displayed in different man-
ners. The user can select a desired display mode from the
modes of displaying the image representing the puncture
needle shown in FIGS. 24A to 24D. In the present modified
example, the line, segment, dots representing the puncture
needle superimposed on the B-mode image are displayedina
predetermined color, for example, green. However, in FIGS.
24A to 24D, the colored line, segment, dots representing the
puncture needle superimposed on the B-mode image are
depicted by a black line, a black segment, and black dots.
[0338] In FIG. 24A, the puncture needle is displayed as a
segment (in FIG. 24A, a deep black segment) 244 having
saturation unlike the grayscale used for the B-mode image,
and is superimposed on the B-mode image. By displaying in
this way, it is possible to display a line representing the
puncture needle in a manner clearly different from the
B-mode image. Thus, the user can easily understand the posi-
tion of the puncture needle.

[0339] In FIG. 24B, a line 244 representing the puncture
needle in FIG. 24 A is made transparent to form a semitrans-
parent line 246 (in FIG. 24B, a thin black line 246), the line
246 is superimposed on the B-mode image. The display trans-
parency is 50%, for example. As above, when the puncture
needle is displayed so as to be superimposed on the B-mode
image as the semitransparent line 246, since the B-mode
image is not concealed by the line 246 representing the punc-
ture needle, the user can see both the puncture needle and the
B-mode image.

[0340] In FIG. 24C, the image representing the puncture
needle is not in line form, but needle candidate points 248 (in
FIG. 24C, thin black dots 248) are displayed in a color dif-
ferent from the B-mode image and superimposed on the
B-mode image. The superimposed needle candidate points
248 are only the puncture needle candidate points of which
the X coordinates are equal to or smaller than the X coordi-
nate of the tip position point 136 on the line representing the
puncture needle, among the puncture needle candidate points
present in the puncture needle presence region. As above,
when the puncture needle is not displayed as a line, but only
the puncture needle candidate points 248 are colored and
displayed so as to be superimposed on the B-mode image,
there will be no line which impairs the visualization of the
B-mode image.
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[0341] In FIG. 24D, the outline representing the shape of
the puncture needle is fitted to the line representing the punc-
ture needle to form an image 250 (in FIG. 24D, a deep black
segment 250) representing the puncture needle. When the
outline representing the shape of the puncture needle is dis-
played so as to be superimposed on the B-mode image, the
user can immediately understand the shape of a needle. If the
thickness or shape of the puncture needle is known as the
puncture needle information stored in the information storage
unit 208, the outline of the puncture needle may be an outline
having the thickness or shape. Alternatively, the outline may
be set by the user.

[0342] As described above, according to the ultrasound
image generation apparatus 200 of the present embodiment,
by extracting the puncture needle candidate points from the
B-mode image and performing Hough transform, it is pos-
sible to specify the puncture needle candidate line represent-
ing the puncture needle and the extension line of the puncture
needle. Moreover, the generation apparatus 200 can specify
the tip position of the puncture needle within the B-mode
image by specifying the region including the specified punc-
ture needle candidate line as the puncture needle presence
region and specifying the tip position of the puncture needle
based on the luminance information within the puncture
needle presence region. Furthermore, the generation appara-
tus 200 can display the accurate position of the puncture
needle so as to be easily understood by the user by displaying
the image representing the puncture needle so as to be super-
imposed on the B-mode image based on the specified position
of the puncture needle.

[0343] In the present embodiment, although when setting
the predicted insertion region, the position of the puncture
guide line is determined based on the puncture adapter, the
puncture adapter may not always be used in the invention. For
example, the puncture guide line may be created by the user,
and the puncture guide line may be created by calculating the
frame difference of the ultrasound image to calculate the
angle or position at which the puncture needle is inserted into
the patient. In this case, the predicted insertion region is
determined along the newly created puncture guide line.
Moreover, a storage unit that stores the past tip position of the
puncture needle may be provided to store the past tip position
of the puncture needle and the detection timing thereof, and
the predicted insertion region may be set based on the past tip
position and detection timing of the puncture needle. More-
over, the image representing the puncture needle may be
stored in addition to the tip position of the puncture needle.
[0344] FIGS.25A and 25B are views showing a method of
determining the predicted insertion region using a plurality of
past tip positions of the puncture needle. In FIGS. 25A and
25B, acase where animage is positioned in an XY orthogonal
coordinate system in which the top left corner of the image is
at the origin, a horizontal axis extending from the top left
corner to the top right corner is an X axis, and a vertical axis
extending from the top left corner to the bottom left corner is
a'Y axis will be considered. A direction from the top left
corner of the image to the top right corner is defined as the
positive direction of the X axis, and a direction from the top
left corner of the image to the bottom left corner is defined as
the positive direction of the Y axis.

[0345] In FIG. 25A, a case in which a plurality of points
254, 256, and 258 representing the past tip positions of the
puncture needle are present in a B-mode image 252 will be
considered. In this example, the point 254 is the tip position of
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the puncture needle specified earliest. The point 256 is the tip
position of the puncture needle detected next to the point 254,
and the point 258 is the latest tip position of the puncture
needle. Since the three points 254, 256, and 258 are arranged
in a line 2624, it can be expected that the next tip position of
the puncture needle will be on a broken line 26256 which is the
extension line of the line passing the three points.

[0346] Thus, a region 260 which is disposed under the point
258 having the largest Y coordinate within FIG. 25A and
includes the broken line 2625, and of which the size is set
taking the bending width of the puncture needle into consid-
eration is determined as a predicted insertion region. Here, the
region 260 has a parallelogram shape obtained by expanding
the broken line 2625 in the X-axis direction. The distance (the
difference in Y coordinate) between the points 258 and 261 at
which the broken line 26256 meets the upper and lower sides of
the region 260 is set to be 2 to 3 times the distance between the
past tip positions of the puncture needle (for example, the
distance between the points 265 and 258). Here, the reason
why the size of the region 260 is determined based on the
distance (position) of the past tip positions of the puncture
needle is to predict the advancing direction of the puncture
needle after checking the speed and angle at which the punc-
ture needle was inserted in the past. By checking the past
insertion speed and angle of the puncture needle, it is possible
to predict the advancing direction of the puncture needle since
it can be predicted that at the next detection timing of the tip
position, the puncture needle will be inserted at a speed and an
angle which are not greatly different from the past insertion
speed and angle (that is, the tip position will be displaced by
an almost identical distance to the distance between the past
tip positions). Although the distance is set with asmall margin
to be 2 to 3 times the distance between the past tip positions of
the puncture needle, the distance may not always be 2 to 3
times larger.

[0347] The puncture needle candidate point extractor 206
extracts the puncture needle candidate points within the
region 260. When the predicted insertion region is determined
using a plurality of past tip positions of the puncture needle,
it is possible to further decrease the size of the predicted
insertion region. Thus, the proportion of needle candidate
points originating from the puncture needle within the pre-
dicted insertion region can be increased further. Therefore, it
is possible to generate the puncture needle candidate line with
high precision. The shape of the region 260 is not limited to a
parallelogram, but may be a trapezoidal shape that expands in
the X-axis direction as the Y coordinate decreases, for
example.

[0348] FIG. 25B is a view showing a method of determin-
ing the predicted insertion region when detecting the tip posi-
tion of the puncture needle at the point in time occurring next
to FIG. 25A. In F1G. 25B, a point 264 representing the latest
tip position of the puncture needle in a B-mode image 270 is
added in comparison with FIG. 25A. In this case, aregion 266
including a broken line 2685 which is an extension line of a
line 268a that passes the points 254, 256, 258, and 264 is set
as the predicted insertion region. A point 267 is a point at
which the broken line 2685 meets the lower side of the region
266. As above, even when the number of stored past tip
positions of the puncture needle increases, it is possible to set
the predicted insertion region based on these positions. More-
over, even when the puncture needle deviates from the origi-
nal predicted insertion region during puncturing due to bend-
ing of the puncture needle caused by the presence of stiff
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tissues, shift of a probe, or the like, it is possible to detect the
puncture needle candidate line with high precision.

[0349] In FIGS. 25A and 25B, although a case in which a
plurality of past tip positions of the puncture needle are
arranged on a line has been described as an example, the
plurality of past tip positions of the puncture needle may not
always be arranged on a line. For example, a plurality of past
tip positions of the puncture needle may be connected like a
line graph, and the next predicted insertion region may be set
based on the slope of a line connecting the latest two points.
Moreover, the predicted insertion region may be set by cal-
culating the slope of a line by performing a least squares
method or the like on the latest three points.

[0350] Moreover, the width of the predicted insertion
region may be determined in accordance with a shift width of
the puncture needle with respect to the puncture guide line,
which is measured in advance. Alternatively, the width of the
predicted insertion region may be adjusted within the range of
widths prepared in advance. Moreover, the width of the pre-
dicted insertion region may be adjusted during acquisition of
ultrasound images. In this case, it is preferable to allocate a
function of adjusting the width of the predicted insertion
region to a function key or the like of the main body.

[0351] Moreover, in the present embodiment, although the
width of the predicted insertion region is set from three width
steps, the number of width steps is not limited to three. By
setting the width steps more finely, the user can set a desired
range as finely as possible.

[0352] In the present embodiment, when the predicted
insertion region is set, the threshold processing is performed
on the inside of the predicted insertion region, although the
threshold processing may be performed on the entire image,
and the Hough transform may be performed using only the
puncture needle candidate points within the predicted inser-
tion region. In this case, it is easy to perform the Hough
transform.

[0353] Moreover, in the present embodiment, the puncture
needle candidate line generated by the puncture needle line
generator of the puncture needle region specifying unit 212 is
expanded to a predetermined width, and a region on the
puncture needle candidate line is determined as the puncture
needle presence region. However, the method of determining
the puncture needle presence region is not limited to this
method, and a region including the puncture needle candidate
line may be manually determined by the user. For example,
the puncture needle presence region may be determined as
shown in FIGS. 26 A to 26D.

[0354] FIG. 26A is a view showing a case in which a punc-
ture needle candidate line 274 is present in a B-mode image
272, and a puncture needle presence region 276 is created by
expanding the width of the puncture needle candidate line
274. In FIGS. 26A to 26D, a case where the B-mode image
272 is positioned in an XY orthogonal coordinate system in
which the top left corner of the B-mode image 272 is at the
origin, a horizontal axis extending from the top left comer to
the top right corner is an X axis, and a vertical axis extending
from the top left corner to the bottom left corner is a Y axis
will be considered. A direction from the top left corner of the
B-mode image 272 to the top right corner is defined as the
positive direction of the X axis, and a direction from the top
left corner of the B-mode image 272 to the bottom left corner
is defined as the positive direction of the Y axis. FIG. 26B
shows a case in which the user creates a puncture needle
presence region 278 by moving the puncture needle presence
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region 276 shown in FIG. 26 A in a direction of decreasing the
Y coordinate. F1G. 26C shows a case in which the user creates
a puncture needle presence region 280 by moving the punc-
ture needle presence region 276 shown in FIG. 26A in a
direction of increasing the Y coordinate. FIG. 26D shows a
case in which the user creates a puncture needle presence
region 282 having a slope different from the puncture needle
candidate line 274. As above, the puncture needle presence
region may be adjusted by the user. If the user can adjust the
puncture needle presence region, the user can manually set a
region in which a large number of needle candidate points
which are considered to represent the puncture needle are
included as the puncture needle presence region while seeing
the edge image. By calculating the average luminance value
in the puncture needle presence region set by the user and
detecting the tip position of the puncture needle, it is possible
to improve the precision in detecting the tip position of the
puncture needle.

[0355] In the present embodiment, the direction of scan-
ning the change in the average luminance value is determined
based on the graph showing the relationship between the X'
coordinate and the average luminance. However, since in
many cases, puncturing is performed along the direction of a
probe mark (a mark indicating a scanning direction) attached
to the probe, the target region may be set in the direction of the
probe mark.

[0356] In the present embodiment, although the target
region is set by specifying the tip position of the puncture
needle, it is not always necessary to set the target region by
specifying the tip position of the puncture needle. For
example, the user may check the position of the puncture
needle within the B-mode image with naked eyes and set a
region including the puncture needle as the target region.

[0357] In the present embodiment, although the line repre-
senting the puncture needle is generated using the puncture
needle candidate line 130 and the point 136 on the puncture
needle candidate line 130, having the same X coordinate as
the point 134 specified as the tip position of the puncture
needle, the line representing the puncture needle may not
always be generated in this way. For example, the point 134
which is the tip position of the puncture needle may be used
as the ending point, the user may determine the starting point,
and a segment may be generated from the starting and ending
points.

[0358] Inthe present embodiment, although four variations
are illustrated as the display modes of displaying the image
representing the puncture needle so as to be superimposed on
the B-mode image, the display modes are not limited to these
variations. For example, both the line representing the punc-
ture needle and the puncture needle candidate points may be
displayed at the same time, and the puncture needle candidate
points may be made transparent. Moreover, itis not necessary
to display the line representing the puncture needle in a uni-
form color. For example, the line may be displayed with a
gradation or the like, and may be expressed with two colors.

[0359] Moreover, it is preferable to allow the user to select
a desired thickness of the line representing the puncture
needle. For example, the user may select a thickness from
various thicknesses set in advance, for example, narrow,
medium, bold, and the like, and the user may input the thick-
ness. When the thickness of the puncture needle used is
known, the line may be displayed with the same thickness as
the thickness of the puncture needle used.
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[0360] Moreover, it is preferable to allow the user to set the
transparency of the line representing the puncture needle. For
example, a function may be allocated to an input button
prepared on a control panel or the like so that the user can
freely set the transparency.

[0361] Moreover, theluminance of the line representing the
puncture needle may be automatically calculated and set by
the ultrasound image generation apparatus. For example, the
luminance of the line is determined by normalizing it by a
gradation value (for example, 100) using the maximum lumi-
nance in the B-mode image before the threshold processing
and adding the normalized luminance to the luminance rep-
resenting the B-mode image.

[0362] Moreover, the luminance of the image representing
the puncture needle may be automatically set by the ultra-
sound image generation apparatus. For example, the lumi-
nance of the image representing the puncture needle can be
set automatically using the average luminance value of sev-
eral pixels of the B-mode image that are around the image
representing the puncture needle which is superimposed on
the B-mode image.

[0363] Moreover, it is preferable to allow the user to set the
predetermined time interval of detecting the tip position of the
puncture needle and generating the image representing the
puncture needle. The time interval is selected from several
time intervals, for example, narrow (1 second), medium (2
seconds), and coarse (3 seconds). These time intervals may be
set in advance by system configuration, and a function may be
allocated to a button prepared in a control panel or the like.
Since the speed at which the puncture needle is inserted into
a patient is different depending on the user, the user may set
the time interval so that the detection of the tip position of the
puncture needle and the generation of the image representing
the puncture needle are performed at time intervals corre-
sponding to the insertion speed of the puncture needle. By
allowing the user to set a desired time interval so that the
detection of the tip position of the puncture needle and the
generation of the image representing the puncture needle are
performed at time intervals corresponding to the insertion
speed of the puncture needle, the process of detecting the tip
position of the puncture needle is performed less frequently
when the position of the puncture needle is not changed
much. Thus, it is possible to decrease the processing load on
the apparatus.

[0364] In the present embodiment, although the threshold
processing or the like is performed on the B-mode image in
which the echo signal is expressed by luminance information
to thereby specify the tip position of the puncture needle, it is
not always necessary to perform the threshold processing or
the like on the B-mode image. For example, the threshold
processing or the like may be performed on images of other
modes or the echo signal itself to thereby specify the tip
position of the puncture needle.

[0365] The ultrasound image generation apparatus and the
ultrasound image generation method according to the second
aspect of the invention have the configuration described here-
inabove.

[0366] Next, an ultrasound image generation apparatus and
an ultrasound image generation method according to the third
aspect of the invention will be described.

First Embodiment

[0367] FIG. 27 is a functional block diagram showing a
configuration of main parts of an example of an ultrasound
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image generation apparatus according to the first embodi-
ment of the third aspect of the invention.

[0368] An ultrasound image generation apparatus 300
shown in FIG. 27 includes a transceiving controller 302, an
echo signal storage unit 304, an ultrasound image generator
306, a puncture tool enhancement data generator 308, a punc-
ture tool information storage unit 310, an ultrasound image
combiner 312, and an ultrasound image display controller
314. The generation apparatus 300 is used by being electri-
cally connected to a monitor 316 and a probe 318. Moreover,
the probe 318 is used together with a puncture adapter 320.
The generation apparatus 300, the monitor 316, the probe
318, and the puncture adapter 320 form an ultrasound diag-
nostic apparatus 104, and the generation apparatus 300 and
the monitor 316 form a diagnostic apparatus main body 144.
Some constituent elements of the generation apparatus 300
are the same as those of the ultrasound diagnostic apparatus
10 shown in FIGS. 1, 2, 6, and 7, and those of the generation
apparatus 200 shown in FIG. 19. In this case, the constituent
elements have the same configuration and function, and
detailed description thereof will not be provided.

[0369] The probe 318 has the same configuration and func-
tion as the probe 222 of the generation apparatus 200 shown
in FIG. 19. That is, the probe 318 transmits ultrasound waves
toward a patient, receives an echo signal reflected from the
patient, and outputs the echo signal to the transceiving con-
troller 302. Moreover, the probe 318 outputs an insertion
angle output from the puncture adapter 320 to the transceiv-
ing controller 302.

[0370] The puncture adapter 320 is used by being physi-
cally and electrically connected to the probe 318, and serves
as a guide along which a puncture needle (not shown) is
inserted into the patient. The puncture adapter 320 has the
same configuration and function as the puncture adapter 20 of
the ultrasound diagnostic apparatus 10 shown in FIG. 1 when
the puncture adapter 20 is used by being physically and elec-
trically connected to the probe body 16.

[0371] The puncture adapter 320 has a guide groove (not
shown) whose angle with respect to the patient is variable,
and which enables the user to change the insertion angle. The
puncture adapter 320 stores information on the insertion
angle. When the puncture adapter 320 is physically connected
to the probe 318, since the puncture adapter 320 is also
electrically connected to the probe 318, a signal indicating the
insertion angle is output to the probe 318. Moreover, the
puncture adapter 320 outputs a signal indicating the present
insertion angle to the probe 318 whenever the angle of the
groove with respect to the patient changes.

[0372] The transceiving controller 302 has the same con-
figuration and function as the transceiving controller 202
shown in FIG. 19. That is, the transceiving controller 302
applies ultrasound transmission pulses to piezoelectric ele-
ments (not shown) in the probe 318 and causes ultrasound
waves to be generated from the probe 318.

[0373] The transmission controller 302 amplifies the echo
signal output from the probe 318, rejects high-frequency
components of the echo signal, performs A/D conversion on
the resulting echo signal, and then outputs the digital echo
signal to the echo signal storage unit 304. Moreover, the
transmission controller 302 outputs the insertion angle output
from the puncture adapter 320 to the puncture tool informa-
tion storage unit 310.

[0374] The echo signal storage unit 304 temporarily stores
the digital echo signal. The echo signal storage unit 304 has
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the same configuration and function as the data storage unit
46 of the diagnostic apparatus main body 10a of the ultra-
sound diagnostic apparatus 10 shown in FIG. 1.

[0375] The ultrasound image generator 306 has the same
configuration and function as the image generator 204 shown
in FIG. 19. That is, the ultrasound image generator 306 gen-
erates an acoustic-ray signal from the echo signal stored in the
echo signal storage unit 304, corrects the attenuation of the
acoustic-ray signal in accordance with the depth of the reflec-
tion position of the ultrasound wave, and generates the
B-mode image data.

[0376] The puncture tool information storage unit 310 has
the same configuration and function as the information stor-
age unit 208 shown in FIG. 19. That is, the puncture tool
information storage unit 310 stores information on the punc-
ture tool such as a puncture needle.

[0377] The puncture tool enhancement data generator 308
performs various noise removal processes on the B-mode
image data generated by the ultrasound image generator 306.
Moreover, the puncture tool enhancement data generator 308
performs a puncture tool enhancement processing using a
filter (hereinafter referred to as a puncture tool enhancement
filter) that enhances the puncture tool on the B-mode image
data after noise removal based on the insertion angle stored in
the puncture tool information storage unit 310. The puncture
tool enhancement data generator 308 outputs image data
enhanced by the puncture tool enhancement filter, namely
puncture tool enhancement data to the ultrasound image com-
biner 312. Detailed configuration of the puncture tool
enhancement data generator 308 will be described later.

[0378] The ultrasound image combiner 312 combines the
B-mode image data stored in the ultrasound image generator
306 and the puncture tool enhancement data generated by the
puncture tool enhancement data generator 308 to thereby
generate combined B-mode image data. The ultrasound
image combiner 312 outputs the combined B-mode image
data to the ultrasound image display controller 314.

[0379] Theultrasound image display controller 314 has the
same configuration and function as the image display con-
troller 220 shown in FIG. 19. That is, the ultrasound image
display controller 314 converts the combined B-mode image
data combined by the ultrasound image combiner 312 into
display image data and outputs the image data to the monitor
316. In this way, the combined B-mode image (combined
ultrasound image) is displayed on the monitor 316.

[0380] FIG. 28 is a functional block diagram showing a
more detailed configuration of the puncture tool enhancement
data generator of the ultrasound image generation apparatus
shown in FIG. 27. The puncture tool enhancement data gen-
erator 308 includes a speckle noise remover 322, a layer
structure remover 324, a filter storage unit 326, a filter appli-
cation processor 328, and an edge enhancement processor
330.

[0381] The speckle noise remover 322 has the same con-
figuration and function as the speckle noise remover 90
shown in FIG. 6. That is, the speckle noise remover 322
removes speckle noise in the B-mode image data generated
by the ultrasound image generator 306. For example, a
median filter is applied.

[0382] The layer structure remover 324 has the same con-
figuration and function as the layer structure remover 92
shown in FIG. 6. That is, the layer structure remover 324
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performs a layer structure removal processing on the B-mode
image data in which the speckle noise is removed by the
speckle noise remover 322.

[0383] Thefilter storage unit 326 stores a plurality of punc-
ture tool enhancement filters applied to the B-mode image
data. The filter storage unit 326 stores six puncture tool
enhancement filters with intervals of 10°, corresponding to
insertion angles of 10° to 60°. The plurality of puncture tool
enhancement filters are provided from the puncture toolinfor-
mation storage unit 310 to the filter storage unit 326. In the
present aspect of the invention, the filter storage unit 326 may
not be provided, and these puncture tool enhancement filters
may be stored in the puncture tool information storage unit
310 so that a puncture tool enhancement filter applied is read
directly from the puncture tool information storage unit 310.

[0384] The filter application processor 328 specifies a
puncture tool enhancement filter to be used based on the
insertion angle stored in the puncture tool information storage
unit 310 and reads the specified puncture tool enhancement
filter from the filter storage unit 326. For example, when the
insertion angle is 10°, a puncture tool enhancement filter for
the insertion angle of 10° is read. The filter application pro-
cessor 328 applies the read puncture tool enhancement filter
to the B-mode image data after layer structure removal. Since
the puncture tool enhancement filter used therein is a filter
corresponding to the insertion angle of the puncture needle, it
is possible to defocus the image in the insertion direction of
the puncture needle to make a discontinuous puncture needle
image continuous. That is, the puncture tool enhancement
filter is the defocus filter used in the first aspect of the inven-
tion. Thus, the filter application processor 328 has the same
configuration and function as the filter application processor
96 shown in FIG. 7.

[0385] The edge enhancement processor 330 has the same
configuration and function as the edge enhancement proces-
sor 98 shown in FIG. 7. That is, the edge enhancement pro-
cessor 330 performs a process of enhancing the edges of the
B-mode image with respect to the B-mode image data to
which the puncture tool enhancement filter has been applied.
For example, a 1D edge enhancement processing is pet-
formed in the vertical direction to the puncture needle to
thereby enhance the edges of the puncture needle.

[0386] The ultrasound image combiner 312 combines the
B-mode image (image data) which has been made continuous
in the insertion direction of the puncture needle so as to be
superimposed on the original B-mode image (image data) to
thereby generate a combined B-mode image (image data). In
this way, the whole image of the puncture needle within the
tissue can be displayed on the monitor 316 in an easily visible
manner.

[0387] FIG. 29 is a flowchart showing an example of the
operation of the ultrasound image generation apparatus and
the ultrasound image generation method according to the
present aspect of the invention.

[0388] First, B-mode image (ultrasound image) data is gen-
erated in step S300, and puncture tool enhancement data is
generated in step S302. In step S304, the puncture tool
enhancement data is combined with the B-mode image data
to thereby generate combined B-mode image. In step S306,
the combined B-mode image data is subjected to scan con-
version. In step S308, combined B-mode image is displayed
on the monitor 316 using the scan-converted combined
B-mode image data. In this way, the process ends.
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[0389] FIG. 30 is a flowchart illustrating the operation of
generating puncture tool enhancement data in the step (step
S302) of generating puncture tool enhancement data in the
ultrasound image generation method shown in FIG. 29 in
more detail.

[0390] In step S400, speckle noise in the B-mode image
(ultrasound image) data is removed. In step S402, a layer
structure in the B-mode image data is removed. In step S404,
the insertion angle of the puncture tool is specified. In step
S406, a puncture tool enhancement filter is applied to the
B-mode image data. In step S408, a puncture tool edge
enhancement processing is performed to generate puncture
tool enhancement data, and the flow proceeds to step S304.
[0391] FIGS. 31A and 31C are views each showing the
shape of a puncture tool enhancement filter used for generat-
ing the puncture tool enhancement data. When the B-mode
image is considered as a collection of pixels on a 2D coordi-
nate system, the puncture tool enhancement filter is a filter
that performs a weighted addition between the value (image
data) of a pixel (hereinafter referred to as a target pixel)
subjected to the puncture tool enhancement processing and
the value (image data) of a specific pixel around the target
pixel. The filter application processor 328 sequentially
changes the position of the target pixel and performs the
puncture needle enhancement processing on the image data
of all pixels in the B-mode image using the puncture needle
enhancement filter determined based on the insertion angle.
[0392] FIG. 31A shows the shape of a puncture tool
enhancement filter 332 used when the insertion angle is 10°.
Elements 3364 to 3367 of the puncture tool enhancement filter
332 represent pixels subjected to weighted addition, and the
positions of the elements 3364 to 336¢ represent the positions
of the pixels subjected to weighted addition. The puncture
tool enhancement filter 332 has a size of 21x3 pixels. The
puncture tool enhancement filter 332 has a shape such that, as
seen downwardly, a line of every seven pixels arranged in the
vertical direction is shifted rightward by one pixel. When the
shape of the puncture tool enhancement filter 332 is consid-
ered as a 2D matrix with 21 rows and 3 columns, the elements
at the first column and 1st to 7th rows (elements 336« to
336g), the elements at the second column and 8th to 14th rows
(elements 336/ to 336m), and the elements at the third col-
umn and 15th to 21st rows (elements 3367 to 336¢) have their
respective filter coefficients. That is, the puncture tool
enhancement filter 332 has a shape such that elements at
every specified number of rows starting from the first row are
shifted from the first column sequentially to an adjacent right
column.

[0393] An element 334 depicted in black and located at the
center of the puncture tool enhancement filter 332 is a target
pixel, the position of the element 334 is the position of the
target pixel, and the target pixel is located at the center of the
puncture tool enhancement filter 332. A hatched element
336a represents one pixel used for the weighted addition of
the target pixel. Each of the elements 3365 to 336¢ represents
one pixel used for the weighted addition of the target pixel
similarly to the element 3364 although the elements 3365 to
336¢ are not hatched, and the positions of the elements 336a
to 336¢ represent the positions of the pixels used for the
weighted addition. For example, an element 3365 adjacent on
the upper side of the element 334 represents that weighted
addition is performed using the value of a pixel adjacent on
the upper side of the target pixel. That is, the shape of the
puncture tool enhancement filter represents the positions of
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neighboring pixels used when a puncture tool enhancement
processing is performed on the target pixel. In the puncture
tool enhancement filter 332, the target pixel is subjected to
weighted addition using the values of two sets of three adja-
cent pixels (elements 336/ to 336m) on the upper and lower
sides of the target pixel, the values of pixels (elements 3364 to
336g) 4 to 10 pixels above at the left adjacent column, the
values of pixels (elements 3367 to 336¢) 4 to 10 pixels below
at the right adjacent column, and the value of the target pixel
itself. That is, the target pixel is subjected to weighted addi-
tion using the values of neighboring 20 pixels and the value of
the target pixel itself.

[0394] The reason why the puncture tool enhancement fil-
ter 332 has a shape such that elements at every specified
number of rows starting from the first row are shifted from the
first column sequentially to an adjacent right column is to
perform weighted addition between the target pixel and pixels
located in the insertion direction of the puncture needle based
on the insertion angle and to make the puncture needle image
within the B-mode image continuous in the insertion direc-
tion of the puncture needle. In this example, although ele-
ments at every seven rows (every seven pixels) are shifted as
a predetermined length rightward when the insertion angle is
10°, the predetermined length is different depending on the
insertion angle. In the present embodiment, since the punc-
ture needle is inserted from the top left corner of the drawing
toward the bottom right corner, it is assumed that the puncture
tool enhancement filter 332 has a shape such that elements at
every specified number of rows starting from the first row are
shifted from the first column sequentially to an adjacent right
column.

[0395] Moreover, since the puncture needle is displayed in
a linear shape on the B-mode image (ultrasound image), the
puncture needle is highly likely to be present in the pixels
located in the insertion direction of the puncture needle. Thus,
by performing weighted addition using the pixels located at
the positions based on the insertion angle, it is possible to
perform weighted addition using not only pixels near the
target pixel but also pixels which are located at positions away
from the target pixel and at positions where the puncture
needle is highly likely to be present.

[0396] Moreover, the puncture tool enhancement filter has
a size based on the discontinuance interval of the puncture
needle within the B-mode image. FIG. 31B is an enlarged
view of a region 339 in which the puncture needle within the
B-modeimage is discontinuous in order to describe the size of
the puncture tool enhancement filter. In this example, the
puncture tool enhancement filter 332 is taken as an example,
and, in a puncture tool region 339, the puncture needle is
displayed with a discontinuance interval ideal for applying
the puncture tool enhancement filter 332. Pixels 337a, 3375,
337¢, and 337d depicted in black in FIG. 31B are pixels
representing the puncture needle. In the drawing, a pixel 338
is a pixel located at the center of the region 339. The puncture
needle in the region 339 is discontinuous in pixels (19x1
pixels) between the pixels 3376 and 337¢. The puncture tool
enhancement filter 332 has a size such that the pixel region
where the puncture needle is discontinuous is expanded by
one pixel in upward and downward, as well as rightward and
leftward directions. That is, the puncture tool enhancement
filter 332 has asize of 21x3 pixels. As above, the puncture tool
enhancement filter has a size greater than the interval with
which the puncture needle is discontinuous within the
B-mode image.
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[0397] By setting the size of the puncture tool enhancement
filter so as to be greater than the discontinuance interval of the
puncture needle, even when the puncture tool enhancement
filter is applied to the pixel at the center of the region where
the puncture needle is discontinuous, pixels representing the
puncture needle will be included at both ends of the puncture
tool enhancement filter. That is, the puncture tool enhance-
ment filter is a filter that performs weighted addition using at
least one of the pixels representing the puncture needle when
it is applied to a region where the puncture needle is discon-
tinuous within the B-mode image. By doing so, even when the
target pixel is located in a region where the puncture needle is
discontinuous within the B-mode image, it is possible to
perform weighted addition using pixels representing the
puncture needle, located away from the target pixel. Thus, it
is possible to make the target pixel have a luminance close to
that of the puncture needle image surrounding the target pixel.

[0398] FIG. 31C shows the shape of a puncture tool
enhancement filter 344 used when the insertion angle is 30°.
The puncture tool enhancement filter 344 has a size of 21x2
pixels. When the shape of the puncture tool enhancement
filter 344 is considered as a 2D matrix with 21 rows and 2
columns, the elements at the first column and 1stto 11throws,
and the elements at the second column and 12th to 21st rows
have their respective filter coefficients. The puncture tool
enhancement filter 344 also has a shape such that elements at
every specified number of rows starting from the first row are
shifted from the first column sequentially to an adjacent right
column. Similarly to FIG. 31A, a hatched element 342 rep-
resents one pixel, and a pixel 340 depicted in black represents
atarget pixel. When the insertion angle is 30°, the target pixel
is subjected to weighted addition using the values of 10 pixels
on the upper side of the target pixel, the values of pixels 1 to
10 pixels below at the right adjacent column, and the value of
the target pixel itself. As above, if the insertion angle is
different, the shape of the puncture tool enhancement filter
applied, namely the position of the pixel used for the
weighted addition is also different. The filter storage unit 326
stores a plurality of puncture tool enhancement filters having
a shape corresponding to the insertion angle.

[0399] The puncture tool enhancement filter designates
pixels used for weighted addition and performs addition by
applying weights based on the filter coefficients to the respec-
tive designated pixels. FIGS. 32 A and 32B are views showing
the filter coefficients of the respective elements used for
weighted addition in the puncture tool enhancement filter
344. The numbers within the respective elements of the punc-
ture tool enhancement filter 344 represent filter coefficients.
For example, in FIG. 32A, the element 340 has a filter coef-
ficient of 0.091. The filter coefficients described within the
respective elements of the puncture tool enhancement filter
344 are rounded off to the third decimal place.

[0400] FIG. 32A shows a case where filter coefficients are
evenly allocated to elements on the upper and lower sides of
the position of the element 340 which is located at the center
of the puncture tool enhancement filter 344. That is, the
element 340 (sample point number 11) at the center of the
puncture tool enhancement filter 344 has the maximum filter
coefficient, and the filter coefficient decreases in proportion to
the distance in the vertical direction from the element 340.
The sum of the filter coefficients of the respective elements is
normalized to 1. In FIG. 32A, the graph shown to the right of
the puncture tool enhancement filter 344 shows the numbers
within the respective elements of the puncture tool enhance-
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ment filter 344, in which the vertical axis represents a sample
point number, and the horizontal axis represents a filter coef-
ficient. The sample point number on the vertical axis of the
graph of FIG. 32A represents the row number of the element
when the puncture tool enhancement filter 344 is considered
as a 2D matrix. For example, sample point number 1 repre-
sents that the element is on the first row of the first column.
The sample point number corresponding to the element 340
(on the 11th row of the 1st column) is 11.

[0401] Another method of determining the filter coeffi-
cients of the respective elements will be described. For
example, the filter coefficients can be generated using a Gaus-
sian filter expressed by Equation 2 which is applied in the first
aspect of the invention.

[0402] In Equation 2, x represents the position of a pixel in
the vertical direction of the drawing when the central element
indicated by sample point number 11 is at 0 as shown in FIG.
32A. For example, x=-1 corresponds to the pixel at sample
point number 10, and x=1 corresponds to the pixel at sample
point number 12. FIG. 32B is a graph in which the vertical
axis represents the sample point number and the horizontal
axis represents a filter coefficient f{x) when the average p=0
and the variance 0°=1 in Equation 2. In FIG. 32B, the num-
bers within the respective elements of the puncture tool
enhancement filter 344 shown to the left of the graph are the
values of the filter coefficients of the respective elements. For
example, the element 340 (sample point number 11) has a
filter coefficient of 0.080. By determining the filter coeffi-
cients of the respective pixels in this way, it is possible to
perform weighted addition so that the filter coefficients of the
pixels located closer to the target pixel are increased.

[0403] The puncture tool enhancement filter is a filter that
designates pixels used for weighted addition by the shape (the
position of an element) thereof, and performs weighted addi-
tion which involves multiplying the values of the designated
pixels by the filter coefficients, to thereby obtain the value of
the target pixel. The filter application processor 328 performs
the puncture tool enhancement processing on all pixels using
the puncture tool enhancement filter determined based on the
insertion angle.

[0404] FIG. 33A shows a B-mode image which has not
been subjected to the puncture tool enhancement processing,
and FIG. 33B shows a combined image of the B-mode image
of FIG. 33A and a B-mode image after the puncture tool
enhancement processing.

[0405] The combined image shown in FIG. 33B is obtained
by causing defocusing of the B-mode image before the punc-
ture tool enhancement processing shown in FIG. 33A in the
direction of the insertion angle so that the puncture needle is
displayed in a continuous manner. In FIGS. 33 A and 33B, for
better understanding of the effect of the puncture tool
enhancement processing by the puncture tool enhancement
filter, speckle noise removal processing, layer structure
removal processing, and edge enhancement processing were
not performed. The generation apparatus 300 applies the
puncture tool enhancement filter to the image (image data) in
which the speckle noise and the layer structure are removed,
and combines a B-mode image after edge enhancement pro-
cessing with the B-mode image before the puncture tool
enhancement processing.

[0406] As described above, according to the ultrasound
image generation apparatus 300 according to the first
embodiment of the present aspect, the puncture tool enhance-
ment filter used is determined based on the insertion angle of
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the puncture needle, and the puncture tool enhancement pro-
cessing is performed using the puncture tool enhancement
filter so that the B-mode image is made continuous in the
insertion direction of the puncture needle. Thus, it is possible
to generate an image in which the puncture needle displayed
in a discontinuous manner is made continuous. Moreover,
since the B-mode image after the puncture tool enhancement
processing is combined with the B-mode image before the
puncture tool enhancement processing, it is possible to gen-
erate an ultrasound image in which the puncture needle is
displayed so as to be easily visible to the user.

[0407] Moreover, removal of the speckle noise may not
always be performed. However, when the puncture tool
enhancement filter is applied to the B-mode image in which
the speckle noise is removed, it is possible to increase the
effect of application of the puncture tool enhancement filter
without increasing the size of the puncture tool enhancement
filter more than necessary.

[0408] In the present embodiment, although six kinds of
shapes of the puncture tool enhancement filters are stored in
the filter storage unit 326, a larger number of shapes may be
stored. Moreover, although puncture tool enhancement filters
having shapes corresponding to the range of insertion angles
between 10° and 60° are prepared, puncture tool enhance-
ment filters having shapes corresponding to insertion angles,
of 10° orless and 60° or more or a puncture tool enhancement
filter having a shape corresponding to the insertion angle of
15° or 25° may be prepared.

[0409] Moreover, the thickness of the puncture needle may
be stored as the puncture tool information, and the shape of
the puncture tool enhancement filter may be changed in
accordance with the thickness of the puncture needle used.
For example, since a region where the puncture needle is
likely to be present broadens when the puncture needle is
thick, weighted addition may be performed using a wider
range of pixels in accordance with the insertion angle.
[0410] In the present embodiment, although the puncture
tool enhancement filter used is determined based on the inser-
tion angle by the puncture adapter, it is not always necessary
to determine the puncture tool enhancement filter based on
the insertion angle by the puncture adapter. For example, the
puncture tool enhancement filter may be determined based on
the insertion angle acquired from an image. That is, high-
luminance points corresponding to the tip end of a puncture
needle may be extracted from a plurality of B-mode images,
the insertion angle of the puncture needle may be acquired
from the plurality of tip positions, and the puncture tool
enhancement filter may be determined based on the insertion
angle.

Second Embodiment

[0411] Inthe first embodiment described above, although a
case where the pixels located in the insertion direction of the
puncture needle are used for weighted addition using a punc-
ture tool enhancement filter having a step shape has been
described as an example, the invention is not particularly
limited to this. In the second embodiment below, an aspect in
which a puncture tool enhancement filter has a rectangular
shape, and weighted addition is performed so that the pixels
located in the insertion direction of the puncture needle have
alarge filter coefficient will be described. Since an ultrasound
image generation apparatus according to the second embodi-
ment of the present aspect has the same basic configuration as
the generation apparatus 300 described in the first embodi-
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ment, the functional block diagram thereof will not be illus-
trated. Moreover, since the basic operation thereofis the same
as that of the generation apparatus 300, illustration thereof
will not be provided.

[0412] FIG. 34 shows an example of a puncture tool
enhancement filter 402 used in the ultrasound image genera-
tion apparatus (not shown) according to the second embodi-
ment of the present aspect. The puncture tool enhancement
filter 402 is a puncture tool enhancement filter used when the
insertion angle is 10°. The puncture tool enhancement filter
402 has a size of 21x3 pixels and has a rectangular shape. In
FIG. 34, a pixel 404 is a pixel located at the center of the
puncture tool enhancement filter 402. The filter storage unit
326 stores a plurality of rectangular filters having an aspect
ratio corresponding to the insertion angle. The plurality of
puncture tool enhancement filters have different aspect ratios
depending on the insertion angle of the puncture needle. Six
puncture tool enhancement filters are stored with intervals of
10° between 10° and 60°. Moreover, the puncture tool
enhancement filter has a size based on the interval with which
the puncture needle is discontinuous within the B-mode
image. In the first embodiment, the weighted addition has
been performed using pixels located in the insertion direction
of the puncture needle using a puncture tool enhancement
filter having a step shape. However, in the present embodi-
ment, neighboring pixels are used regardless of whether the
pixels are located in the insertion direction of the puncture
needle, whereupon the pixels located in the insertion direc-
tion of the puncture needle have a large filter coefficient.
[0413] The puncture tool enhancement filter according to
the second embodiment is created in advance by the user and
stored in the filter storage unit. The puncture tool enhance-
ment filter according to the second embodiment is made up of
an odd number of pixels by an odd number of pixels so that the
target pixel is located at the center of the filter.

[0414] A method of determining the filter coefficients of the
respective pixels of the puncture tool enhancement filter
according to the second embodiment will be described.
[0415] In the second embodiment, for example, the punc-
ture tool enhancement filter can be generated by applying a
Gaussian function expressed by Equation 1 applied in the first
aspect of the invention.

[0416] In Equation 1, as described in the first aspect of the
invention, when px=jy=0, ¢,?=0, =40, and p=0.9, it is pos-
sible to create a filter having the size of 81x81 pixels sche-
matically shown in FIG. 5B.

[0417] By linearly interpolating the filter shown in F1G. 5B
so as to have the sizes of the respective puncture tool enhance-
ment filters, the filter coefficients used for the respective
puncture tool enhancement filters are generated. The filter
having the size of 81x81 pixels shown in FIG. 5B can be
linearly interpolated so as to become a puncture tool enhance-
ment filter having a size of 15x27 pixels (see FIG. 14D), for
example. A puncture tool enhancement filter having the size
of 15x27 pixels obtained in this way is a puncture tool
enhancement filter used when the insertion angle is 10°. The
aspect ratio obtained by the linear interpolation is determined
based on the insertion angle. In the puncture tool enhance-
ment filter, the filter coefficient is the largest at the center, with
the magnitude of the filter coefficient widely varying along
the insertion direction of the puncture needle. A target pixel at
the center is subjected to weighted addition using the neigh-
boring 15x%27 pixels around the target pixel. The value of the
target pixel is obtained by performing weighted addition
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which involves a multiplication of the values of the respective
pixels by the filter coefficient of the puncture tool enhance-
ment filter. A puncture tool enhancement filter having an
aspect ratio corresponding to the insertion angle created in
this way is stored in the filter storage unit.

[0418] Theultrasound image generation apparatus accord-
ing to the present embodiment can determine the puncture
tool enhancement filter to be used based on the insertion
angle, perform the puncture tool enhancement processing of
performing weighted addition with neighboring pixels on all
pixels using the determined puncture tool enhancement filter,
and generate an image in which the puncture tool is enhanced.
[0419] FIG. 35A shows a B-mode image which has not
been subjected to the puncture tool enhancement processing,
and FIG. 35B shows a combined image in which a B-mode
image after application of the puncture tool enhancement
filter is combined with the B-mode image before the puncture
tool enhancement processing. The combined image shown in
FIG. 35B is obtained by causing defocusing of the B-mode
image before the puncture tool enhancement processing in
the direction of the insertion angle. In FIGS. 35A and 35B, for
better understanding of the effect of the filter processing,
speckle noise removal processing, layer structure removal
processing, and edge enhancement processing were not per-
formed. The ultrasound image generation apparatus accord-
ing to the second embodiment of the invention performs the
puncture tool enhancement processing on the image in which
the speckle noise and the layer structure are removed, and
combines a B-mode image after edge enhancement process-
ing with the B-mode image before the puncture tool enhance-
ment processing.

[0420] In this example, a case of converting into a size of
15%27 pixels has been described as an example, although, as
described above, in puncture tool enhancement filters having
different sizes, filter coeflicients corresponding to the sizes of
the respective puncture tool enhancement filters can be gen-
erated by linearly interpolating the base filter having the size
of 81x81 pixels shown in FIG. 5B.

[0421] As described above, according to the ultrasound
image generation apparatus according to the second embodi-
ment of the present aspect, weighted addition is performed on
all pixels using a rectangular puncture tool enhancement filter
having an aspect ratio corresponding to the insertion angle so
that pixels located in the insertion direction of the puncture
needle have a large filter coefficient. Thus, it is possible to
make the B-mode image continuous in the insertion direction
of the puncture needle and to generate an image in which the
puncture needle displayed in a discontinuous manner is made
continuous. Moreover, since an image after application of the
puncture tool enhancement filter is combined with the
B-mode image before application of the puncture tool
enhancement filter, it is possible to generate an ultrasound
image in which the puncture needle is displayed so as to be
easily understood by the user.

[0422] Moreover, since the puncture tool enhancement fil-
ter according to the second embodiment has a sufficiently
large size, the puncture tool enhancement filter is not likely to
be affected by speckle noise. Thus, the speckle noise removal
processing may not be performed.

[0423] In the present embodiment, although six kinds of
shapes of the puncture tool enhancement filters are used, a
larger number of shapes may be used. Moreover, although
puncture tool enhancement filters having shapes correspond-
ing to the range of insertion angles between 10° and 60° are
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prepared, puncture tool enhancement filters having shapes
corresponding to insertion angles of 10° or less and 60° or
more may be prepared.

[0424] In the present embodiment, although the puncture
tool enhancement filter to be used is determined based on the
insertion angle, it is not always necessary to determine the
puncture tool enhancement filter based on the insertion angle.
For example, the puncture tool enhancement filter may be
determined based on an insertion angle acquired from an
image. That is, high-luminance points corresponding to the
tip end of a puncture needle may be extracted from a plurality
of B-mode images, the insertion angle of the puncture needle
may be acquired from the plurality of tip positions, and the
puncture tool enhancement filter may be determined based on
the insertion angle.

Third Embodiment

[0425] In the first and second enmbodiments of the present
aspect, the puncture tool enhancement processing was per-
formed on the B-mode image using the puncture tool
enhancement filter having a shape corresponding to the inser-
tion angle of the puncture needle. However, in the third
embodiment, the B-mode image is rotated in accordance with
the insertion angle, and the puncture tool enhancement pro-
cessing is performed using the same puncture tool enhance-
ment filter.

[0426] FIG. 36 is a block diagram showing a configuration
of main parts of an ultrasound image generation apparatus
500 according to the third embodiment of the present aspect.
The same constituent elements as the ultrasound image gen-
eration apparatus 300 described in the first embodiment will
be denoted by the same reference numerals, and description
thereof will not be provided.

[0427] The ultrasound image generation apparatus 500
shown in FIG. 36 is different from the ultrasound image
generation apparatus 300 shown in FIG. 27, mainly in that a
puncture tool enhancement data generator 502 has a different
configuration.

[0428] FIG. 37 is a functional block diagram showing a
more detailed configuration of a puncture tool enhancement
data generator of the ultrasound image generation apparatus
shown in FIG. 36.

[0429] The puncture tool enhancement data generator 502
shown in FIG. 37 includes the speckle noise remover 322, the
layer structure remover 324, a first image rotator 504, a filter
storage unit 506, a filter application processor 508, a second
image rotator 510, and the edge enhancement processor 330.
[0430] The first image rotator 504 rotates a B-mode image
(image data) in which a layer structure is removed by the layer
structure remover 324 by an amount corresponding to the
insertion angle stored in the puncture tool information storage
unit 310. Specifically, the image rotator 504 performs an
image rotation process on the B-mode image data so that the
puncture needle is displayed horizontally.

[0431] The filter storage unit 506 stores a puncture tool
enhancement filter ideal when the puncture needle is dis-
played horizontally. The puncture tool enhancement filter has
asize based on the interval with which the puncture needle is
discontinuous within the B-mode image. Specifically, the
puncture tool enhancement filter has a size such that a hori-
zontal width is slightly larger than the interval with which the
puncture needle is discontinuous within the B-mode image.
That is, when the puncture tool enhancement filter is applied
to a region where the puncture needle is discontinuous within
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the B-mode image after rotation, a part of the puncture needle
is always included. The discontinuance interval of the punc-
ture tool is measured in advance by the user based on the
B-mode image.

[0432] The filter application processor 508 performs the
puncture tool enhancement processing on the B-mode image
(image data) after rotation using the puncture tool enhance-
ment filter stored in the filter storage unit 506.

[0433] The second image rotator 510 rotates the B-mode
image data so that the B-mode image after the puncture tool
enhancement processing is displayed with the angle before
the B-mode image is rotated by the first image rotator 504.
[0434] FIG. 38 shows a B-mode image after rotation by the
first image rotator 504. The B-mode image is rotated by an
angle based on the insertion angle so that the puncture needle
becomes horizontal as shown in FIG. 38. For example, when
the puncture needle is inserted from the top left corner to the
bottom right corner, and the insertion angle is 30°, the
B-mode image is rotated counterclockwise by 30°.

[0435] The puncture tool enhancement filter according to
the third embodiment is created in advance by the user and
stored in the filter storage unit 506 similarly to the second
embodiment. The puncture tool enhancement filter stored in
the filter storage unit 506 is a filter ideal when the puncture
needle is displayed horizontally.

[0436] FIG.391s an example of a Gaussian filter serving as
the basis when allocating filter coefficients to the respective
pixels in the puncture tool enhancement filter used in the third
embodiment. The 2D coordinates on the lower side represent
positions, and the vertical axis represents a filter coefficient.
This Gaussian filter is a 2D Gaussian filter in which the
average 1=0, the variance 0°=25, and the correlation value
p=0. The filter coefficient of the Gaussian filter reaches its
maximum at the center of the 2D coordinate system, and
decreases as the distance from the center increases. Pixels on
a concentric circle about the center of the 2D coordinate
system have the same filter coefficient. By linearly interpo-
lating the Gaussian filter, a puncture tool enhancement filter
which has a size with a horizontal width slightly larger than
the interval with which the puncture needle is discontinuous
within the B-mode image, and which is ideal when the punc-
ture needle is displayed horizontally.

[0437] The ultrasound image generation apparatus 500
applies the puncture tool enhancement filter ideal when the
puncture needle is displayed horizontally to the B-mode
image (image data) rotated so that the puncture needle is
displayed horizontally. That is, the puncture tool enhance-
ment filter used is a filter ideal when the puncture needle is
displayed horizontally regardless of the insertion angle. The
ultrasound image generation apparatus 500 rotates the
B-mode image (image data) after the puncture tool enhance-
ment processing so that the puncture needle has the original
angle, and then performs edge enhancement processing. The
ultrasound image generation apparatus 500 combines the
B-mode image before the puncture tool enhancement pro-
cessing with the B-mode image to which the puncture tool
enhancement filter has been applied and which has been
subjected to the edge enhancement processing and displays a
combined image.

[0438] As described above, according to the ultrasound
image generation apparatus 500 according to the third
embodiment of the invention, the B-mode image is rotated in
accordance with the insertion angle, and the puncture tool
enhancement filter is applied to the B-mode image in which
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the puncture needle is displayed horizontally, whereby the
B-mode image is made continuous in the insertion direction
of the puncture needle. Thus, it is possible to generate an
image in which the puncture needle displayed in a discon-
tinuous manner is made continuous. Moreover, since the
B-mode image is rotated in accordance with the insertion
angle to generate an image in which the puncture needle is
displayed horizontally, it is only necessary to prepare just a
puncture tool enhancement filter ideal when the puncture
needle is displayed horizontally. Thus, it is not necessary to
prepare a plurality of puncture tool enhancement filters cor-
responding to the insertion angle. Moreover, since the
B-mode image to which the puncture tool enhancement filter
has been applied is combined with the original B-mode
image, itis possible to generate an ultrasound image in which
the puncture needle is displayed so as to be easily understood
by the user.

[0439] The speckle noise removal processing may not
always be performed. When the puncture tool enhancement
filter is applied to a B-mode image in which the speckle noise
is removed, it is possible to decrease the size of the puncture
tool enhancement filter.

[0440] As described above, according to the third aspect of
the invention, the puncture tool enhancement processing is
performed on the B-mode image using the puncture tool
enhancement filter corresponding to the insertion angle of the
puncture needle, and the B-mode image after the puncture
tool enhancement processing is combined with the B-mode
image before the puncture tool enhancement processing.
Thus, it is possible to generate an image in which the puncture
needle displayed in a discontinuous manner is made continu-
ous.

[0441] In the respective embodiments, although the punc-
ture tool enhancement processing and the image combination
process have been performed on the B-mode image before
scan conversion, the processes may be performed after scan
conversion. That is, the scan conversion may be performed
before the puncture tool enhancement data is generated.
Thus, the scan conversion may be performed by the ultra-
sound image generator 306 and may be performed by the
ultrasound image combiner 312. Moreover, in the respective
embodiments, the B-mode image after the puncture tool
enhancement processing has been superimposed on the
B-mode image before the puncture tool enhancement pro-
cessing to generate the contbined B-mode image. However,
the B-mode image after the puncture tool enhancement pro-
cessing and the B-mode image before the puncture tool
enhancement processing may be subjected to scan conversion
and combined so as to be arranged in a parallel arrangement
to generate a combined B-mode image of a parallel arrange-
ment.

[0442] Moreover, in the respective embodiments, although
the insertion angle was output from the puncture adapter, it is
not always necessary to output the insertion angle from the
puncture adapter. For example, the user may measure and
input the insertion angle while seeing an ultrasound image,
and may check the setting of the puncture adapter and store
the insertion angle in advance in the puncture tool informa-
tion storage unit 310.

[0443] Moreover, in the respective embodiments, although
the puncture tool enhancement filter or filters have been
stored in advance in the filter storage unit, the user may create
a puncture tool enhancement filter ideal for a patient. For
example, the user may create a new puncture tool enhance-
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ment filter by inputting the filter size, variance, average, cor-
relation value, and the like as the setting items of the puncture
tool enhancement filter. The newly created puncture tool
enhancement filter is preferably stored in the filter storage
unit so as to be used as necessary.

[0444] Moreover, in the respective embodiments, the layer
structure removal processing may not always be performed.
However, the layer structure removal processing has the fol-
lowing advantage. That is, when the puncture tool enhance-
ment filter is applied to a B-mode image in which the layer
structure is removed, it is possible to remove connected por-
tions other than the puncture needle and to improve the effect
of application of the puncture tool enhancement filter.

[0445] In the respective embodiments, the edge enhance-
ment processing may not always be performed. However, the
edge enhancement processing has the following advantage.
That is, since it is possible to enhance the edges between the
puncture needle and the other portions, the user can easily
recognize the position of the puncture needle. Moreover,
although a 1D edge enhancement processing in the vertical
direction to the puncture needle is performed as the edge
enhancement processing, the edge enhancement processing
is not limited to the 1D edge enhancement processing but may
be a 2D edge enhancement processing in the vertical direction
to the puncture needle, for example.

[0446] In the respective embodiments, although a process
using a median filter has been performed as the process of
removing the speckle noise, the process of removing the
speckle noise is not limited to the process using the median
filter. For example, a space compound method, a frequency
compound method, morphology processing, or the like may
be performed.

[0447] Moreover, in the respective embodiments, a plural-
ity of images after application of the puncture tool enhance-
ment filter may be generated at different points in time, and
the respective images may be averaged to generate a time-
averaged B-mode image. Moreover, a 3D filter that appropri-
ately changes the filter coefficient in accordance with time
may be applied.

[0448] Moreover, in the respective embodiments, a punc-
ture tool connection process may be performed on an image
after application of the puncture tool enhancement filter so
that the parts of the discontinuous puncture needle within the
image are connected together. For example, the image after
application of the puncture tool enhancement filter is bina-
rized to extract high-luminance points, and the extracted
high-luminance points are subjected to Hough transform,
whereby a line that connects the parts of the discontinuous
puncture needle is generated. When the generated line is
displayed so as to be superimposed on the puncture needle, it
appears to the user that the parts of the discontinuous puncture
tool are connected together. The puncture tool connection
process may not always be performed on the image after
application of the puncture tool enhancement filter, but may
be performed on an image after the edge enhancement pro-
cessing, for example.

[0449] The ultrasound image generation apparatus and the
ultrasound image generation method of the third aspect of the
invention have the above-described configuration.

[0450] Although the respective configurations in the
respective aspects of the invention are realized by a combi-
nation of a central processing unit (CPU) and software for
causing the CPU to execute various processes, the configu-
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rations may be realized by digital circuits or analog circuits.
The software is stored in an internal memory and is not
shown.

[0451] Moreover, when an algorithm of the ultrasound
image generation method according to the invention is
described in a program language and compiled as necessary,
and an ultrasound image generation program is stored in a
memory (recording medium) and executed by an information
processor of another apparatus, the same functions as the
ultrasound diagnostic apparatus and the ultrasound image
generation apparatus according to the respective aspects of
the invention can be realized. That is, a program for causing a
computer (CPU) to execute the ultrasound image generation
method of the invention and a recording medium with the
program recorded thereon are also included in the embodi-
ment of the invention.

[0452] While the ultrasound diagnostic apparatus, the
ultrasound image generation apparatus, and the ultrasound
image generation method according to the invention have
been described by way of various embodiments and
examples, the invention is not limited to these embodiments
and examples, and various improvements and changes can be
made without departing from the scope of the invention.
[0453] Theultrasound diagnostic apparatus, the ultrasound
image generation apparatus, and the ultrasound image gen-
eration method according to the invention can be used when
acquiring tomographic images of a subject to be examined
into which a puncture tool is inserted using ultrasound waves.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound transceiving unit that transmits ultrasound
waves toward a subject to be examined into which a
puncture tool is inserted, receives reflected waves of the
ultrasound waves reflected from the subject and the
puncture tool, and generates echo signals of time-se-
quential frames based on the received reflected waves;

anultrasound image generation unit that generates an ultra-
sound image of the subject based on the echo signals
generated by the ultrasound transceiving unit;

an image display unit that displays the ultrasound image
generated by the ultrasound image generation unit;

a differential echo signal generation unit that generates a
differential echo signal between time-sequential frames
from the echo signals of the time-sequential frames;

a tip candidate detection unit that performs a tip detection
process based on the differential echo signal generated
by the differential echo signal generation unit to thereby
detect at least one tip candidate including a tip end of the
puncture tool; and

a tip candidate processing unit that highlights a tip candi-
date of the puncture tool detected by the tip candidate
detection unit to thereby generate a tip image in which
one or more tip candidates of the puncture tool are high-
lighted,

wherein the image display unit displays the tip image of the
puncture tool highlighted by the tip candidate process-
ing unit so as to be superimposed on the ultrasound
image generated by the ultrasound image generation
unit.

2. The ultrasound diagnostic apparatus according to claim

1,

wherein the tip candidate detection unit performs a process
of detecting the tip candidate of the puncture tool based
on a luminance difference of the differential echo signal
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generated by the differential echo signal generation unit
as the tip detection process.
3. The ultrasound diagnostic apparatus according to claim
15
wherein the tip candidate processing unit highlights the tip
candidate of the puncture tool detected by the tip candi-
date detection unit in accordance with a positive/nega-
tive sign of a luminance difference of the differential
echo signal.
4. The ultrasound diagnostic apparatus according to claim
1,
wherein as a highlighting process for highlighting the tip
candidate, the tip candidate processing unit performs a
process of coloring the tip candidate of the puncture tool
detected by the tip candidate detection unit to generate a
color tip image, ora process of increasing aluminance of
the tip candidate to generate a high-luminance tip image,
or a process of coloring the tip candidate and then
increasing the luminance thereof to generate a high-
luminance color tip image.
5. The ultrasound diagnostic apparatus according to claim
13
wherein the tip candidate detection unit further determines
a positive/negative sign of a luminance difference of the
differential echo signal, and
wherein the tip candidate processing unit changes a color
and luminance used for highlighting the tip candidate of
the puncture tool detected by the tip candidate detection
unit in accordance with the positive/negative sign of the
luminance difference of the differential echo signal
determined by the tip candidate detection unit.
6. The ultrasound diagnostic apparatus according to claim
17
wherein the differential echo signal generation unit gener-
ates a differential image based on the generated differ-
ential echo signal, and
the tip candidate detection unit performs the tip detection
process on the differential image generated by the dif-
ferential echo signal generation unit to detect the tip
candidate of the puncture tool.
7. The ultrasound diagnostic apparatus according to claim
65
wherein the tip candidate detection unit performs a process
of extracting a portion having a predetermined lumi-
nance difference or more on the differential image gen-
erated by the differential echo signal generation unit as
the tip detection process to thereby detect the tip candi-
date of the puncture tool.
8. The ultrasound diagnostic apparatus according to claim
67
wherein the tip candidate detection unit performs lookup
table processing using a lookup table for performing
gradation processing on the differential image in order
to extract a portion having a predetermined luminance
difference or more within the differential image gener-
ated by the differential echo signal generation unit as the
tip detection process to thereby detect the tip candidate
of the puncture tool.
9. The ultrasound diagnostic apparatus according to claim
83
wherein the lookup table used for the lookup table process-
ing by the tip candidate detection unit is adjusted in
accordance with at least one of the ultrasound image and
the differential image.
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10. The ultrasound diagnostic apparatus according to claim
65
wherein the tip candidate detection unit detects the tip
candidate of the puncture tool based on a luminance
difference of the differential image and a size and den-
sity of a region detected based on the luminance differ-
ence as the tip detection process.
11. The ultrasound diagnostic apparatus according to claim
6’
wherein the tip candidate detection unit performs tip
enhancement filtering on the differential image as the tip
detection process to thereby detect the tip candidate of
the puncture tool.
12. The ultrasound diagnostic apparatus according to claim
65
wherein the tip candidate detection unit performs a median
filtering process or a filtering process which involves
calculating a sum of luminance values of pixels near a
predetermined point and enhancing only a portion hav-
ing a large luminance sum on the differential image as
the tip detection process to thereby detect the tip candi-
date of the puncture tool.
13. The ultrasound diagnostic apparatus according to claim
65
wherein the tip candidate detection unit searches a region
near the tip candidate of the puncture tool detected ear-
lier than a frame displayed on the image display unit to
thereby detect the tip candidate of the puncture tool from
the differential image based on the displayed frame.
14. The ultrasound diagnostic apparatus according to claim
65
wherein the tip candidate detection unit searches a region
near a line that connects the tip candidates of the punc-
ture tool detected at two points in time earlier than a
frame displayed on the image display unit to thereby
detect the tip candidate of the puncture tool from the
differential image based on the displayed frame.
15. The ultrasound diagnostic apparatus according to claim
6,
wherein the differential echo signal generation unit has a
function of adjusting a time difference between the time-
sequential frames used for generating the differential
image.
16. The ultrasound diagnostic apparatus according to claim
63
wherein the differential echo signal generation unit uses a
plurality of frames of two frames or more before as past
frames used for creating the differential image.
17. The ultrasound diagnostic apparatus according to claim
15
wherein the differential echo signal generation unit per-
forms signal processing for reducing a speckle pattern,
signal processing for causing defocusing in a direction
of the puncture tool, and/or signal processing for con-
necting the puncture tool on the time-sequential echo
signal as preprocessing and then generates the differen-
tial echo signal.
18. The ultrasound diagnostic apparatus according to claim
15
wherein the image display unit also displays the image of
the tip candidate of the puncture tool detected in a point
of apasttime to thereby display an insertion trajectory of
the puncture tool.
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19. The ultrasound diagnostic apparatus according to claim
1, further comprising:

an image combination unit that combines the tip image in
which the tip candidate of the puncture tool generated by
the tip candidate processing unit is highlighted so as to
be superinmposed on the ultrasound image generated by
the ultrasound image generation unit to thereby generate
a combined image,

wherein the image display unit displays the combined
image combined by the image combination unit.

20. An ultrasound diagnostic apparatus comprising:

an ultrasound transceiving unit that transmits ultrasound
waves toward a subject to be examined into which a
puncture tool is inserted, receives reflected waves of the
ultrasound waves reflected from the subject and the
puncture tool, and generates echo signals of time-se-
quential frames based on the received reflected waves;

an ultrasound image generation unit that generates an ultra-
sound image of the subject based on the echo signals
generated by the ultrasound transceiving unit;

an image display unit that displays the ultrasound image
generated by the ultrasound image generation unit;

a differential image generation unit that generates a differ-
ential image between time-sequential frames from the
ultrasound images of time-sequential frames generated
by the ultrasound image generation unit;

a tip candidate detection unit that performs a tip detection
process based on the differential image generated by the
differential image generation unit to thereby detect at
least one tip candidate including a tip end of the puncture
tool; and

a tip candidate processing unit that highlights a tip candi-
date of the puncture tool detected by the tip candidate
detection unit to thereby generate a tip image in which
one or more tip candidates of the puncture tool are high-
lighted,

wherein the image display unit displays the tip image of the
puncture tool highlighted by the tip candidate process-
ing unit so as to be superimposed on the ultrasound
image generated by the ultrasound image generation
unit.

21. An ultrasound image generation method comprising:

transmitting ultrasound waves to a subject to be examined
into which a puncture tool is inserted;

receiving reflected waves of the ultrasound waves reflected
from the subject and the puncture tool;

generating echo signals of time-sequential frames based on
the received reflected waves;

generating an ultrasound image of the subject based on the
generated echo signals;

generating a differential echo signal between time-sequen-
tial frames from the echo signals of the time-sequential
frames;

performing a tip detection process based on the generated
differential echo signal to thereby detect at least one tip
candidate including a tip end of the puncture tool;

highlighting a tip candidate of the puncture tool detected;
and

displaying the tip candidate of the puncture tool on a dis-
play unit so as to be superimposed on the generated
ultrasound image.

22. An ultrasound image generation method comprising:

transmitting ultrasound waves to a subject to be examined
into which a puncture tool is inserted;
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receiving reflected waves of the ultrasound waves reflected
from the subject and the puncture tool;

generating echo signals of time-sequential frames based on
the received reflected waves;

generating an ultrasound image of the subject based on the
generated echo signals;

generating a differential image between time-sequential
frames from the generated ultrasound images of the
time-sequential frames;

performing a tip detection process based on the generated
differential image to thereby detect at least one tip can-
didate including a tip end of the puncture tool;

highlighting a tip candidate of the puncture tool detected;
and

displaying the tip candidate of the puncture tool on a dis-
play unit so as to be superimposed on the generated
ultrasound image.

23. An ultrasound image generation apparatus in which
ultrasound waves are irradiated from a probe toward a subject
to be examined into which a puncture tool is inserted, echoes
reflected from the subject and the puncture tool are received
by the probe, and an ultrasound image is generated from the
echo signals output from the probe, the apparatus comprising:

a candidate point extraction unit that extracts plural candi-
date points of the puncture tool based on the ultrasound
image;

a puncture tool presence region specifying unit that speci-
fies a puncture tool presence region in which the punc-
ture tool is likely to be present in the ultrasound image
from a distribution of the plural candidate points
extracted by the candidate point extraction unit; and

a puncture tool tip position specifying unit that specifies a
tip position of the puncture tool based on an intensity
distribution on a line that includes the puncture tool in
the puncture tool presence region specified by the punc-
ture tool presence region specifying unit.

24. The ultrasound image generation apparatus according

to claim 23, further comprising:

a puncture tool image generation unit that generates a
puncture tool image representing the puncture tool
based on the tip position of the puncture tool specified by
the puncture tool tip position specifying unit; and

an image combination unit that displays the puncture tool
image generated by the puncture tool image generation
unit so as to be superimposed on the ultrasound image.

25. The ultrasound image generation apparatus according
to claim 24,

wherein the puncture tool presence region specifying unit
generates a puncture tool candidate line from the plural
candidate points extracted by the candidate point extrac-
tion unit and specifies a region including the puncture
tool candidate line as the puncture tool presence region,
and

wherein the puncture tool image generation unit generates
the puncture tool image based on the tip position of the
puncture tool and the puncture tool candidate line.

26. The ultrasound image generation apparatus according

to claim 24, further comprising:

a puncture tool information storage unit that stores infor-
mation on the puncture tool,

wherein the puncture tool image generation unit deter-
mines a shape of the puncture tool image using the
information on the puncture tool stored in the puncture
tool information storage unit.
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27. The ultrasound image generation apparatus according
to claim 23,

wherein the puncture tool tip position specifying unit
specifies the tip position of the puncture tool based on
the maximum and minimum values of the intensity dis-
tribution on the line that includes the puncture tool in the
puncture tool presence region.

28. The ultrasound image generation apparatus according

to claim 23,

wherein the puncture tool presence region specifying unit
performs Hough transform on the plural candidate
points extracted by the candidate point extraction unit to
thereby generate the puncture tool candidate line.

29. The ultrasound image generation apparatus according

to claim 23,

wherein the candidate point extraction unit performs
threshold processing on the ultrasound image to thereby
extract the candidate points of the puncture tool.

30. The ultrasound image generation apparatus according

to claim 23, further comprising:

apredicted insertion region setting unit that sets a predicted
insertion region to which the puncture tool is highly
likely to be inserted in the ultrasound image,

wherein the candidate point extraction unit extracts the
candidate points of the puncture tool from the predicted
insertion region set by the predicted insertion region
setting unit.

31. The ultrasound image generation apparatus according

to claim 23, further comprising:

apredicted insertion region setting unit that sets a predicted
insertion region to which the puncture tool is highly
likely to be inserted in the ultrasound image,

wherein the puncture tool presence region specifying unit
specifies the puncture tool presence region from candi-
date points included in the predicted insertion region set
by the predicted insertion region setting unit among the
plural candidate points of the puncture tool extracted by
the candidate point extraction unit.

32. The ultrasound image generation apparatus according

to claim 30,

wherein the predicted insertion region setting unit sets the
predicted insertion region based on an angle or a position
at which the puncture tool is inserted into the subject.

33. The ultrasound image generation apparatus according

to claim 30, further comprising:

a tip position storage unit that stores plural past tip posi-
tions of the puncture tool specified by the puncture tool
tip position specifying unit,

wherein the predicted insertion region setting unit esti-
mates an advancing direction of the puncture tool from
the plural tip positions of the puncture tool stored in the
tip position storage unit and sets a region located in the
advancing direction of the puncture tool as the predicted
insertion region.

34. The ultrasound image generation apparatus according

to claim 23, further comprising:

a target region setting unit that sets a target region where
the puncture tool is present: and

an image quality enhancing unit that enhances image qual-
ity of the target region set by the target region setting unit
in relation to regions other than the target region.

35. Anultrasound image generation method in which ultra-

sound waves are irradiated from a probe toward a subject to be
examined into which a puncture tool is inserted, echoes
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reflected from the subject and the puncture tool are received
by the probe, and an ultrasound image is generated from the
echo signals output from the probe, the method comprising:

a candidate point extraction step of extracting plural can-
didate points of the puncture tool based on the ultra-
sound image;

a puncture tool presence region specifying step of specify-
ing a puncture tool presence region in which the punc-
ture tool is likely to be present in the ultrasound image
from a distribution of the plural candidate points
extracted in the candidate point extraction step; and

a puncture tool tip position specifying step of specifying a
tip position of the puncture tool based on an intensity
distribution on a line that includes the puncture tool in
the puncture tool presence region specified in the punc-
ture tool presence region specifying step.

36. An ultrasound image generation apparatus in which
ultrasound waves are irradiated from a probe toward a subject
to be examined into which a puncture tool is inserted, echo
signals reflected from the subject and the puncture tool are
received by the probe, and an ultrasound image is generated
from the echo signals and displayed on a display unit, the
apparatus comprising:

an insertion angle acquisition unit that acquires an inser-
tion angle at which the puncture tool is inserted into the
subject;

a puncture tool enhancement processing unit that applies a
puncture tool enhancement filter based on the insertion
angle to thereby enhance the puncture tool within the
ultrasound image;

an image combination unit that combines images before
and after the puncture tool enhancement processing to
thereby generate a combined image; and

a display controller that causes the combined image to be
displayed on the display unit.

37. The ultrasound image generation apparatus according

to claim 36,

wherein the puncture tool enhancement filter has an aspect
ratio which is determined by the insertion angle.

38. The ultrasound image generation apparatus according

to claim 36,

wherein the puncture tool enhancement filter has a size
which is determined based on an interval on the ultra-
sound image, at which an image representing the punc-
ture tool is disconnected.

39. The ultrasound image generation apparatus according

to claim 36, further comprising:

a speckle noise removal unit that removes speckle noise in
the ultrasound image,

wherein the puncture tool enhancement processing unit
performs the puncture tool enhancement processing
using the puncture tool enhancement filter on the ultra-
sound image in which the speckle noise is removed by
the speckle noise removal unit.

40. The ultrasound image generation apparatus according

to claim 36, further comprising:

alayer structure removal unit that removes a layer structure
in the ultrasound image,

wherein the puncture tool enhancement processing unit
performs the puncture tool enhancement processing
using the puncture tool enhancement filter on the ultra-
sound image in which the layer structure is removed by
the layer structure removal unit.
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41. The ultrasound image generation apparatus according
to claim 36, further comprising:

a speckle noise removal unit that removes speckle noise in

the ultrasound image; and

alayer structure removal unit that removes a layer structure
in the ultrasound image,

wherein the puncture tool enhancement processing unit
performs the puncture tool enhancement processing
using the puncture tool enhancement filter on the ultra-
sound image in which the speckle noise is removed, and
subsequently, the layer structure is removed.

42. The ultrasound image generation apparatus according

to claim 36, further comprising:

a puncture tool connection processing unit that performs a
puncture tool connection process of connecting discon-
nected parts of an image representing the puncture tool
on the ultrasound image.

43. The ultrasound image generation apparatus according

to claim 36, further comprising:

afilter storage unit that stores plural puncture tool enhance-
ment filters corresponding to the insertion angle,

wherein the puncture tool enhancement processing unit
specifies the puncture tool enhancement filter to be used
from the plural puncture tool enhancement filters stored
in the filter storage unit.

44. The ultrasound image generation apparatus according

to claim 36,

wherein the insertion angle acquisition unit acquires the
insertion angle from a puncture adapter which serves as
a guide that inserts the puncture tool into the subject.

45. The ultrasound image generation apparatus according
to claim 36,

wherein the insertion angle acquisition unit extracts plural
tip positions of the puncture tool from the ultrasound
image and acquires the insertion angle from the plural
extracted tip positions.

46. An ultrasound image generation apparatus in which
ultrasound waves are irradiated from a probe toward a subject
to be examined into which a puncture tool is inserted, echo
signals reflected from the subject and the puncture tool are
received by the probe, and an ultrasound image is generated
from the echo signals and displayed on a display unit, the
apparatus comprising:

an insertion angle acquisition unit that acquires an inser-
tion angle at which the puncture tool is inserted into the
subject;

an image rotation unit that rotates the ultrasound image
based on the insertion angle so that an angle of the
puncture tool displayed on the display unit becomes
horizontal;
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a puncture tool enhancement processing unit that applies a
puncture tool enhancement filter to thereby enhance the
puncture tool within the rotated ultrasound image;

an image combination unit that combines images before
and after the puncture tool enhancement processing to
thereby generate a combined image; and

a display controller that causes the combined image to be
displayed on the display unit.

47. An ultrasound image generation method in which ultra-
sound waves are irradiated toward a subject to be examined
into which a puncture tool is inserted, and an ultrasound
image is generated from echo signals reflected from the sub-
ject and the puncture tool and is displayed on a display unit,
the method comprising:

an insertion angle acquisition step of acquiring an insertion
angle at which the puncture tool is inserted into the
subject;

a puncture tool enhancement processing step of applying a
puncture tool enhancement filter based on the insertion
angle to thereby enhance the puncture tool within the
ultrasound image;

an image combination step of combining images before
and after the puncture tool enhancement processing to
thereby generate a combined image; and

a displaying step of causing the combined image to be
displayed on the display unit.

48. An ultrasound image generation method in which ultra-
sound waves are irradiated toward a subject to be examined
into which a puncture tool is inserted, and an ultrasound
image is generated from echo signals reflected from the sub-
ject and the puncture tool and is displayed on a display unit,
the method comprising:

an insertion angle acquisition step of acquiring an insertion
angle at which the puncture tool is inserted into the
subject;

an image rotation step of rotating the ultrasound image
based on the insertion angle so that an angle of the
puncture tool displayed on the display unit becomes
horizontal;

a puncture tool enhancement processing step of applying a
puncture tool enhancement filter to thereby enhance the
puncture tool within the rotated ultrasound image;

an image combination step of combining images before
and after the puncture tool enhancement processing to
thereby generate a combined image; and

a displaying step of causing the combined image to be
displayed on the display unit.
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