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(57) ABSTRACT

An ultrasound diagnostic apparatus, which transmits an ultra-
sonic wave toward a subject by an ultrasound probe, produces
ultrasound image data based on obtained reception data by a
diagnostic apparatus body, and displays an ultrasound image,
includes a dilation processor which performs dilation pro-
cessing on the ultrasound image data based on a dilation
radius to produce dilated image data, an erosion processor
which performs erosion processing on the ultrasound image
data based on an erosion radius different in magnitude from
the dilation radius to produce eroded image data, a difference
processor which calculates difference between the dilated
image data and the eroded image data to produce difference
image data, and an edge enhancer which performs edge
enhancement processing on the ultrasound image data based
on the difference image data to produce edge enhanced image
data.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF PRODUCING
ULTRASOUND IMAGE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and a method of producing an ultrasound
image, and in particular, to an ultrasound diagnostic appara-
tus which produces an ultrasound image on the basis of a
reception signal obtained by performing transmission and
reception of an ultrasonic wave from an ultrasound probe, and
displays the ultrasound image on a display unit.

[0002] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, in this type of ultrasound diag-
nostic apparatus, an ultrasound image is produced by trans-
mitting an ultrasonic beam from a transducer array of the
ultrasound probe toward a subject, receiving an ultrasonic
echo from the subject by the transducer array, and electrically
processing a reception signal representing the reception of the
ultrasonic echo in the diagnostic apparatus body.

[0003] In recent years, for example, as disclosed in WO
09/128213, JP 11-272865 A, and JP 2003-098117 A, an ultra-
sound diagnostic apparatus has been suggested, in which,
when producing an ultrasound image, morphology process-
ing, such as dilation processing and erosion processing, is
used to perform image processing, such as noise removal or
edge enhancement, on the ultrasound image, thereby improv-
ing image quality of the ultrasound image.

[0004] In edge enhancement processing, in a method using
differentiation, a location in an image where the rate of
change (gradient) is large is determined to be an edge. In
contrast, in a method using dilation processing and erosion
processing, a location in an image where change (amount of
change, difference) is large is determined to be an edge, so
that there is less influence of small granular noise, and thus it
is possible to perform edge determination closer to human
perception.

SUMMARY OF THE INVENTION

[0005] Inultrasound diagnosis, when it is desired to remove
predetermined noise in an ultrasound image and to enhance
an edge of a predetermined structure, it is possible to perform
noise removal in the ultrasound image and edge enhancement
of the structure using the dilation processing and erosion
processing disclosed in WO 09/128213, JP 11-272865 A, and
JP2003-098117 A. However, the edge enhancement using the
dilation processing and erosion processing may cause the
occurrence of overshoot or undershoot due to over-enhance-
ment. The overshoot refers to a phenomenon in which a rising
portion of an edge protrudes upward, and the undershoot
refers to a phenomenon in which a falling portion of an edge
protrudes downward. The overshoot and undershoot chiefly
occur in the case where enhancement is applied so as to
restore an edge portion blurred due to smoothing for the
purpose of noise removal.

[0006] When the edge enhancement is applied to the ultra-
sound image, in particular, the overshoot causes a problem. If
overshoot occurs at the venous wall which should be thin
originally, there exists the risk that a vein looks like an artery,
or if overshoot occurs in a marginal region of the parenchyma
of thyroid gland or the like, there exists the risk that the image
is mistaken for a coarse image of the marginal region. For this
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reason, such occurrence of overshoot leads to a risk of an
erroneous diagnosis in ultrasound diagnoses based on an
ultrasound image.

[0007] In regard to the undershoot, although a falling por-
tion of an edge of a region displayed in black, such as a blood
vessel, 1s inconspicuous due to vignetting by a dynamic
range, there is some possibility of causing an erroneous diag-
nosis similarly to the overshoot.

[0008] Accordingly, an object of the present invention is to
provide an ultrasound diagnostic apparatus and a method of
producing an ultrasound image which can suppress the occur-
rence of overshoot or undershoot in an ultrasound image at
the time of edge enhancement processing of the ultrasound
image.

[0009] Inorderto achieve such object, the present invention
provides an ultrasound diagnostic apparatus which transmits
an ultrasonic wave toward a subject by an ultrasound probe,
produces ultrasound image data based on obtained reception
data by a diagnostic apparatus body, and displays an ultra-
sound image, the ultrasound diagnostic apparatus compris-
ing:

[0010] a dilation processor which performs dilation pro-
cessing on the ultrasound image data based on a dilation
radius to produce dilated image data;

[0011] an erosion processor which performs erosion pro-
cessing on the ultrasound image data based on an erosion
radius different in magnitude from the dilation radius to pro-
duce eroded image data;

[0012] a difference processor which calculates difference
between the dilated image data and the eroded image data to
produce difference image data; and

[0013] an edge enhancer which performs edge enhance-
ment processing on the ultrasound image data based on the
difference image data to produce edge enhanced image data.
[0014] In the inventive ultrasound diagnostic apparatus as
such, it is preferable that the dilation radius is greater than the
erosion radius.

[0015] Preferably, the dilation radius is two or more times
as great as the erosion radius.

[0016] More preferably, a ratio between the dilation radius
and the erosion radius is 3:1 to 5:1.

[0017] The dilation radius may be smaller than the erosion
radius.
[0018] Tt is also preferable that the ultrasound diagnostic

apparatus further comprises:

[0019] a luminance value calculator which calculates a
peripheral luminance value for each pixel of the ultrasound
image; and

[0020] aradius controller which controls each of the dila-
tion radius for use in the dilation processing and the erosion
radius for use in the erosion processing,

[0021] wherein the radius controller controls each of the
dilation radius and the erosion radius for each pixel based on
the peripheral luminance value.

[0022] Preferably, the peripheral luminance value is an
average value of luminance values of a plurality of peripheral
pixels corresponding to one pixel of the ultrasound image.
[0023] Itis preferable that the radius controller controls the
dilation radius and the erosion radius so that the dilation
radius becomes greater than the erosion radius when the
peripheral luminance value calculated by the luminance value
calculator is lower than a predetermined value, and so that the
dilation radius becomes smaller than the erosion radius when
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the peripheral luminance value calculated by the luminance
value calculator is higher than the predetermined value.
[0024] Itis preferable that the radius controller controls the
dilation radius and the erosion radius so that the dilation
radius becomes greater than the erosion radius when the
peripheral luminance value calculated by the luminance value
calculator is lower than a predetermined value, and so that the
dilation radius becomes smaller than the erosion radius when
the peripheral luminance value calculated by the luminance
value calculator is higher than the predetermined value.
[0025] The present invention also provides a method of
producing an ultrasound image, in which an ultrasonic wave
is transmitted toward a subject by an ultrasound probe, ultra-
sound image data is produced by a diagnostic apparatus body
based on obtained reception data, and an ultrasound image is
displayed, the method comprising the steps of:

[0026] performing dilation processing on the ultrasound
image data based on a dilation radius to produce dilated image
data, and performing erosion processing on the ultrasound
image data based on an erosion radius different in magnitude
from the dilation radius to produce eroded image data;
[0027] calculating difference between the dilated image
data and the eroded image data to produce difference image
data;

[0028] performing edge enhancement processing on the
ultrasound image data based on the difference image data to
produce edge enhanced image data; and

[0029] displaying an ultrasound image based on the edge
enhanced image data.

[0030] According to the invention, it is possible to provide
an ultrasound image subjected to appropriate edge enhance-
ment processing in which the occurrence of overshoot or
undershoot in the ultrasound image is suppressed at the time
of edge enhancement, and to prevent an erroneous diagnosis
in ultrasound diagnoses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.1is a block diagram showing the overall con-
figuration of an ultrasound diagnostic apparatus according to
Embodiment 1 of the invention.

[0032] FIG. 2 shows an example of an ultrasound image
when a liver is imaged in the ultrasound diagnostic apparatus
according to the invention.

[0033] FIG. 3 shows an ultrasound image obtained by
extracting a hepatic vein portion surrounded by the dotted line
A in the ultrasound image shown in FIG. 2.

[0034] FIG. 4 is a graph showing the profile along the
dotted line B-B in the ultrasound image shown in FIG. 3, and
the profiles along the dotted line B-B obtained when dilation
processing is performed with dilation radius ra of three pixels
and when erosion processing is performed with erosion
radius rb of three pixels, respectively.

[0035] FIG. 5 is a graph showing the profile along the
dotted line B-B in the ultrasound image shown in FIG. 3, and
the profiles along the dotted line B-B obtained when dilation
processing is performed with dilation radius ra of five pixels
and when erosion processing is performed with erosion
radius rb of one pixel, respectively.

[0036] FIG. 6 is a graph showing the profile along the
dotted line B-B in the ultrasound image shown in FIG. 3, the
difference between the profile when dilation processing
shown in FIG. 4 is performed and the profile when erosion
processing shown in FIG. 4 is performed, and the difference
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between the profile when dilation processing shown in FIG. 5
is performed and the profile when erosion processing shown
in FIG. 5 is performed.

[0037] FIG. 7 is a graph showing the profile along the
dotted line B-B in the ultrasound image shown in FIG. 3, and
the respective profiles along the dotted line B-B obtained
when edge enhancement processing is performed on the
ultrasound image on the basis of the conventional difference
image data and when edge enhancement processing is per-
formed on the ultrasound image on the basis of the difference
image data according to the invention.

[0038] FIG. 8A shows an enhanced ultrasound image
obtained by performing the conventional edge enhancement
processing on the ultrasound image shown in FIG. 3, and FIG.
8B shows an enhanced ultrasound image obtained by per-
forming the edge enhancement processing according to the
invention on the ultrasound image shown in FIG. 3.

[0039] FIG. 9 is a block diagram showing the overall con-
figuration of an ultrasound diagnostic apparatus according to
Embodiment 2 of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Hereinafter, embodiments of the invention will be
described referring to the accompanying drawings.

Embodiment 1

[0041] FIG. 1 is a block diagram showing the overall con-
figuration of an ultrasound diagnostic apparatus according to
Embodiment 1. The ultrasound diagnostic apparatus includes
an ultrasound probe 1 and a diagnostic apparatus body 2
connected to the ultrasound probe 1.

[0042] The ultrasound probe 1 includes a transducer array
3, a transmission and reception unit 4 is connected to the
transducer array 3, and a transmission and reception control-
ler 5 is connected to the transmission and reception unit 4.
[0043] In the diagnostic apparatus body 2, an image pro-
cessor 12, a display controller 13, and an image display unit
14 are sequentially connected to a signal processor 11 which
is connected to the transmission and reception unit 4 of the
ultrasound probe 1, and an apparatus body controller 15 is
connected to the signal processor 11, the image processor 12,
and the display controller 13.

[0044] The transmission and reception controller 5 of the
ultrasound probe 1 and the apparatus body controller 15 ofthe
diagnostic apparatus body 2 are connected together.

[0045] The image processor 12 includes a dilation proces-
sor 16 connected to the signal processor 11, an erosion pro-
cessor 17 also connected to the signal processor 11, an inter-
nal memory 18 which is connected to the dilation processor
16 and the erosion processor 17, and stores a dilation radius ra
foruse in the dilation processor 16 and an erosion radius rb for
use in the erosion processor 17, a difference processor 19
connected to the dilation processor 16 and the erosion pro-
cessor 17, and an edge enhancer 20 connected to the signal
processor 11 and the difference processor 19.

[0046] The transducer array 3 of the ultrasound probe 1has
aplurality ofultrasound transducers arranged in a one-dimen-
sional or two-dimensional manner. Each of the ultrasound
transducers transmits an ultrasonic wave inaccordance with a
transmission signal supplied from the transmission and
reception unit 4, receives an ultrasonic echo from a subject,
and outputs a reception signal. Each ultrasound transducer is
constituted by a vibrator in which electrodes are formed at



US 2014/0213900 Al

both ends of a piezoelectric body composed of, for example,
a piezoelectric ceramic represented by PZT (lead zirconate
titanate), a piezoelectric polymer represented by PVDF
(polyvinylidene difluoride), piezoelectric single crystal rep-
resented by PMN-PT (lead magnesium niobate-lead titanate
solid solution), or the like.

[0047] Ifapulsed or continuous-wave transmission signal
voltage is applied across the electrodes of the vibrator, the
piezoelectric body expands and contracts, whereby pulsed or
continuous-wave ultrasonic waves are produced from the
respective vibrators, and the ultrasonic waves are synthesized
to form an ultrasonic beam. When receiving the propagating
ultrasonic waves, the respective vibrators expand and con-
tract to produce electric signals, and the electric signals are
output as the reception signals of the ultrasonic waves.

[0048] The transmission and reception unit 4 adjusts the
delay amount of each of the transmission signals on the basis
of a transmission delay pattern selected in accordance with a
control signal from the transmission and reception controller
550 that the ultrasonic waves transmitted from the ultrasound
transducers of the transducer array 3 form an ultrasonic beam,
and supplies the transmission signals to the ultrasound trans-
ducers.

[0049] Further, the transmission and reception unit4 ampli-
fies and A/D converts the reception signal transmitted from
each ultrasound transducer of the transducer array 3, and
thereafter, performs reception focusing processing by giving
a delay to each of the reception signals in accordance with a
sound speed or the distribution of the sound speed set on the
basis of a reception delay pattern selected in accordance with
a control signal from the transmission and reception control-
ler 5, and adding the reception signals. With this reception
focusing processing, the focus of an ulirasonic echo is nar-
rowed to produce reception data (sound ray signal).

[0050] Thetransmission and reception controller 5 controls
the respective components of the ultrasound probe 1 on the
basis of various control signals transmitted from the appara-
tus body controller 15 of the diagnostic apparatus body 2.
Reception data produced in the transmission and reception
unit 4 by an instruction of the transmission and reception
controller 5 is sequentially output to the signal processor 11 of
the diagnostic apparatus body 2.

[0051] The signal processor 11 of the diagnostic apparatus
body 2 produces ultrasound image data on the basis of recep-
tion data, and outputs ultrasound image data to the dilation
processor 16, the erosion processor 17, and the edge enhancer
20 of the image processor 12, respectively.

[0052] The image processor 12 performs predetermined
image processing, such as noise removal, edge enhancement,
or the like on ultrasound image data. Specific image process-
ing is performed by the dilation processor 16, the erosion
processor 17, the difference processor 19, and the edge
enhancer 20 in the image processor 12.

[0053] Thedilation processor 16 performs dilation process-
ing onultrasound image data output from the signal processor
11 on the basis of the dilation radius ra stored in advance in the
internal memory 18 to produce dilated image data. The pro-
duced dilated image data is output to the difference processor
19.

[0054] Here, the dilation processing refers to processing in
which, when referring to the values of all pixels within the
range of the dilation radius ra centering on a predetermined
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pixel, the maximum value from among the pixels within the
range of the dilation radius ra is set as the value of the center
pixel.

[0055] Theerosion processor 17 performs erosion process-
ing onultrasound image data output from the signal processor
11 on the basis of the erosion radius rb stored in advance inthe
internal memory 18 to produce eroded image data. The pro-
duced eroded image data is output to the difference processor
19.

[0056] Here, the erosion processing refers to processing in
which, when referring to the values of all pixels within the
range of the erosion radius rb centering on a predetermined
pixel, the minimum value from among the pixels within the
range of the erosion radius rb is set as the value of the center
pixel.

[0057] The internal memory 18 stores the dilation radius ra
for use in the dilation processing in the dilation processor 16
and the erosion radius rb for use in the erosion processing in
the erosion processor 17, and outputs these pieces of infor-
mation to the dilation processor 16 and the erosion processor
17 as necessary. For example, the dilation radius ra and the
erosion radius rb are input from an operation input unit (not
shown) by an operator and stored in the internal memory 18
through the apparatus body controller 15.

[0058] In the conventional edge processing, the dilation
radius ra and the erosion radius rb have the same value,
whereas, in the edge processing according to the invention,
the dilation radius ra and the erosion radius rb have different
values. That is, in regard to the dilation radius ra and the
erosion radius rb, different values are input. Specifically, the
dilation radius ra is set to be greater than the erosion radius rb
(ra>rh), whereby it is possible to suppress the occurrence of
overshoot in the ultrasound image. Furthermore, the erosion
radius rb is set to be greater than the dilation radius ra (rb>ra),
whereby it is possible to suppress the occurrence of under-
shoot in the ultrasound image.

[0059] The difference processor 19 calculates the differ-
ence between dilated image data output from the dilation
processor 16 and eroded image data output from the erosion
processor 17 to produce difference image data. The produced
difference image data is output to the edge enhancer 20.

[0060] The edge enhancer 20 performs edge enhancement
processing on the ultrasound image on the basis of ultrasound
image data output from the signal processor 11 and difference
image data output from the difference processor 19. Specifi-
cally, ultrasound image datais multiplied by difference image
data to produce edge enhanced image data in which the edge
of the ultrasound image is enhanced. The produced edge
enhanced image data is output to the display controller 13.

[0061] The display controller 13 converts edge enhanced
image data output from the edge enhancer 20 of the image
processor 12 into display image data displayable on the image
display unit 14, and causes the image display unit 14 to
display the ultrasound image subjected to the edge enhance-
ment processing on the basis of an instruction ofthe apparatus
body controller 15.

[0062] The image display unit 14 includes, for example, a
display device, such as an LCD, and displays the ultrasound
image under the control of the display controller 13.

[0063] The apparatus body controller 15 controls the
respective components in the diagnostic apparatus body 2 by
an operation instruction input from the operation input unit
(not shown) by the operator.
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[0064] While the signal processor 11, the image processor
12, and the display controller 13 are constituted by a CPU and
operation programs which cause the CPU to perform various
kinds of processing, these may be constituted by digital cir-
cuits.

[0065] Next, the operation of the ultrasound diagnostic
apparatus according to Embodiment 1 of the invention will be
described.

[0066] An operator brings the ultrasound probe 1 into con-
tact with skin near a site to be examined (for example, the
liver) of the subject and starts ultrasound diagnosis.

[0067] Ultrasonic beams are sequentially transmitted from
the ultrasound transducers of the transducer array 3 to the
inside of the subject on the basis of the driving signals from
the transmission and reception unit 4 of the ultrasound probe
1, and reception signals representing the reception of ultra-
sonic echoes from the subject by the ultrasound transducers
are sequentially output to the transmission and reception unit
4, whereby reception data is produced. Reception data is
sequentially output to the signal processor 11 of the diagnos-
tic apparatus body 2.

[0068] The signal processor 11 produces ultrasound image
data on the basis of reception data, and outputs ultrasound
image data to the dilation processor 16, the erosion processor
17, and the edge enhancer 20 of the image processor 12.
[0069] In the dilation processor 16, dilation processing is
performed on ultrasound image data on the basis of the dila-
tion radius ra stored in advance in the internal memory 18 to
produce dilated image data. In the erosion processor 17, ero-
sion processing is performed on ultrasound image data on the
basis of the erosion radius rb stored in advance in the internal
memory 18 to produce eroded image data. The dilation radius
ra and the erosion radius rb stored in advance in the internal
memory 18 are set to different values. Dilated image data
produced by the dilation processor 16 and eroded image data
produced by the erosion processor 17 are output to the differ-
ence processor 19.

[0070] The difference processor 19 produces difference
image data on the basis of dilated image data produced by the
dilation processor 16 and eroded image data produced by the
erosion processor 17. The difference processor 19 outputs
difference image data to the edge enhancer 20.

[0071] The edge enhancer 20 produces edge enhanced
image data on the basis of ultrasound image data output from
the signal processor 11 and difference image data output from
the difference processor 19. Specifically, ultrasound image
data is multiplied by difference image data to produce edge
enhanced image data.

[0072] Edge enhanced image data is output to the display
controller 13, is converted into display image data displayable
on the image display unit 14, and is displayed on the image
display unit 14 by an instruction of the apparatus body con-
troller 15. An ultrasound image subjected to appropriate edge
enhancement processing is displayed on the image display
unit 14 by the display controller 13 through the apparatus
body controller 15.

[0073] Next, the enhanced ultrasound image subjected to
the conventional edge enhancement processing in which the
dilation radius ra and the erosion radius rb have the same
value is compared with the enhanced ultrasound image sub-
jected to edge enhancement processing according to an
example of the invention in which the dilation radius ra and
the erosion radius rb have different values. In the conven-
tional edge enhancement processing, both the dilation radius
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ra and the erosion radius rb are three pixels, and in the inven-
tive edge enhancement processing, the dilation radius ra is
five pixels and the erosion radius rb is one pixel.

[0074] FIG. 2 shows an ultrasound image of a liver based on
ultrasound image data produced by the signal processor 11.
As shown in FIG. 2, a hepatic vein extending in black can be
recognized in the hepatic parenchyma.

[0075] FIG. 3 is an enlarged view of a hepatic vein portion
surrounded by the dotted line A in FIG. 2. The conventional
edge enhancement processing and the edge enhancement pro-
cessing according to the invention are compared with each
other on the basis of the profile along the dotted line B-B
shown in FIG. 3.

[0076] FIG. 4 is a graph showing the profile along the
dotted line B-B in the ultrasound image shown in FIG. 3, and
the profiles along the dotted line B-B in a dilated image and an
eroded image obtained when dilation processing and erosion
processing are performed with the dilation radius ra and the
erosion radius rb having the same value of three pixels in the
conventional edge enhancement processing. In the graphs of
FIGS. 4 to 7, the vertical axis represents the value of lumi-
nance, and the horizontal axis represents the number of pixels
which corresponds to the distance.

[0077] In contrast, FIG. 5 is a graph showing the profile
along the dotted line B-B in the ultrasound image shown in
FIG. 3, and the profiles along the dotted line B-B in a dilated
image and an eroded image when dilation processing and
erosion processing are performed with the dilation radius ra
and the erosion radius rb having different values, that is, with
the dilation radius ra of five pixels and the erosion radius rb of
one pixel, in the edge enhancement processing according to
the invention.

[0078] In the conventional edge enhancement processing,
when the dilation radius ra and the erosion radius rb have the
same value of three pixels, as shown in the graph of FIG. 4, it
is understood that dilation processing and erosion processing
are equally performed on the original data. In contrast, in the
edge enhancement processing according to the invention,
when dilation processing and erosion processing are per-
formed with the dilation radius ra of five pixels and the
erosion radius rb of one pixel, as shown in the graph of FIG.
5, it is understood that, while the original data is largely
changed by the dilation processing, the original date is hardly
changed by the erosion processing.

[0079] FIG. 6 is a graph showing the profile along the
dotted line B-B shown in FIG. 3 (the original data), the profile
corresponding to difference image data when the dilation
radius ra and the erosion radius rb have the same value of
three pixels in the conventional edge processing, and the
profile corresponding to difference image data when the dila-
tion radius ra and the erosion radius rb have different values,
that is, the dilation radius ra has a value of five pixels and the
erosion radius rb has a value of one pixel, in the edge pro-
cessing according to the invention. In the difference image
data with the dilation radius ra of five pixels and the erosion
radius rb of one pixel, each peak of luminance value is located
nearer to the center of the hepatic vein than each peak of
luminance value in the difference image data with the dilation
radius raand the erosion radius rb of three pixels each. That is,
it is understood that difference image data according to the
invention is extracted in a state where it comes close to the
falling side of the edge.

[0080] FIG. 7 is a graph showing the profile along the
dotted line B-B shown in FIG. 3 (the original data), the profile



US 2014/0213900 Al

corresponding to edge enhanced image data subjected to edge
enhancement processing with the dilation radius ra and the
erosion radius rb having the same value of three pixels in the
conventional edge processing, and the profile corresponding
to edge enhanced image data subjected to edge enhancement
processing with the dilation radius ra and the erosion radius rb
having different values, that is, with the dilation radius ra of
five pixels and the erosion radius rb of one pixel in the edge
processing according to the invention.

[0081] Correspondingly to the ultrasound image of FIG. 3,
FIG. 8A shows an enhanced ultrasound image subjected to
edge enhancement processing with the dilation radius ra and
the erosion radius rb having the same value of three pixels in
the conventional edge processing, and FIG. 8B shows an
enhanced ultrasound image subjected to edge enhancement
processing with the dilation radius ra and the erosion radius rb
having different values, that is, with the dilation radius ra of
five pixels and the erosion radius rb of one pixel in the edge
processing according to the invention.

[0082] InFIG. 8A, as will be understood from the portions
surrounded by the dotted lines, overshoot occurs near the
hepatic vein which is displayed in black, and whitens the
image. With confirmation being found in the graph of FIG. 7
corresponding to FIG. 8A, it is understood that steep
enhancement which is considered to be overshoot occurs in
front of and behind the hepatic vein.

[0083] Accordingly, when the operator or the physician
performs diagnosis on the basis of the ultrasound image of
FIG. 8 A which is subjected to the edge enhancement process-
ing, there is some possibility of erroneously determining the
hepatic vein as a hepatic artery having a thick blood vessel
wall due to the overshoot which is observed in the image as
white parts.

[0084] In contrast, in FIG. 8B, overshoot does not occur
near the black hepatic vein, and when confirmation is found in
the corresponding graph of FIG. 7, it is understood that an
appropriate edge enhancement is performed compared to the
graph of the conventional edge enhancement, and the bound-
ary between the hepatic vein and the hepatic parenchyma is
drawn sharply without causing overshoot.

[0085] In FIGS. 8A and 8B, while undershoot should pri-
marily occur in the falling portion of the edge, the undershoot
does not appear in a profile due to vignetting by a dynamic
range during the display of the images.

[0086] As will be apparent from the above, in the ultra-
sound diagnostic apparatus according to Embodiment 1, a
difference is provided in advance between the dilation radius
ra and the erosion radius rb, and in particular, the dilation
radius ra is set to be greater than the erosion radius rb,
whereby it is possible to suppress the occurrence of overshoot
in an ultrasound image at the time of edge enhancement
processing and thus it is possible for an operator or a physi-
cian to perform an appropriate diagnosis on the basis of the
ultrasound image without concerning about an erroneous
diagnosis due to overshoot. Similarly, the erosion radius rb is
set to be greater than the dilation radius ra, whereby it is
possible to suppress the occurrence of undershoot in an ultra-
sound image. Embodiment 2

[0087] In the ultrasound diagnostic apparatus according to
Embodiment 1, the dilation radius ra and the erosion radius rb
are set and stored in advance in the internal memory 18, and
uniform dilation processing and uniform erosion processing
are performed on ultrasound image data on the basis of the
dilation radius ra and the erosion radius rb.
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[0088] In contrast, the dilation radius ra and the erosion
radius rb may also be controlled for each region of an ultra-
sound image, thereby performing more suitable edge
enhancement.

[0089] In an ultrasound diagnostic apparatus according to
Embodiment 2, for example, a luminance value calculator 21
and a radius controller 22 are added to the image processor 12
of the diagnostic apparatus body 2 shown in FIG. 1 so as to
configure an image processor 112 of a diagnostic apparatus
body 102 shown in FIG. 9. The ultrasound diagnostic appa-
ratus according to Embodiment 2 has the same configuration
as the ultrasound diagnostic apparatus according to Embodi-
ment 1 except that the luminance value calculator 21 and the
radius controller 22 are added.

[0090] The signal processor 11 is connected to the dilation
processor 16, the erosion processor 17, and the edge enhancer
20 of the image processor 112, and is also connected to the
luminance value calculator 21 thereof.

[0091] The luminance value calculator 21 is connected to
the radius controller 22, the radius controller 22 is connected
to the internal memory 18, and the internal memory 18 is
connected to the dilation processor 16 and the erosion pro-
cessor 17.

[0092] The luminance value calculator 21 of the image
processor 112 calculates an average value of luminance val-
ues of a plurality of peripheral pixels with respect to a prede-
termined pixel as a peripheral luminance value on the basis of
ultrasound image data. Information regarding the calculated
peripheral luminance value for each pixel is output to the
radius controller 22.

[0093] The radius controller 22 determines the dilation
radius ra and the erosion radius rb for each pixel from infor-
mation regarding the peripheral luminance value for each
pixel. Specifically, the dilation radius ra in the dilation pro-
cessor 16 and the erosion radius rb in the erosion processor 17
are controlled so that the erosion radius rb is set to be greater
than the dilation radius ra (rb>ra) when the peripheral lumi-
nance value is higher than a predetermined value and the
dilation radius ra is set to be greater than the erosion radius rb
(ra>rb) when the peripheral luminance value is lower than the
predetermined value. Information regarding the dilation
radius ra and the erosion radius rb for each pixel determined
by the radius controller 22 is stored in the internal memory 18.
[0094] Thedilation processor 16 performs dilation process-
ing on the basis of the dilation radius ra which is determined
by the radius controller 22 and stored in the internal memory
18, and the erosion processor 17 performs erosion processing
on the basis of the erosion radius rb which is determined by
the radius controller 22 and stored in the internal memory 18.
[0095] The ultrasound diagnostic apparatus according to
Embodiment 2, exclusive of the luminance value calculator
21 and the radius controller 22, is identical in configuration
and operation to the apparatus of Embodiment 1.

[0096] In the ultrasound diagnostic apparatus according to
Embodiment 2 of the invention, by using information regard-
ing a luminance value of an ultrasound image, the radii are
controlled so that the occurrence of overshoot is suppressed in
the periphery of a region having a comparatively low lumi-
nance value (a region displayed in black, such as a blood
vessel), and to the contrary, the radii are controlled so that the
occurrence of undershoot is suppressed in the periphery of a
region having a comparatively high luminance value (aregion
of calcification, bone, or the like). Therefore, it is possible to
apply more appropriate enhancement processing to an ultra-



US 2014/0213900 Al

sound image and to display an ultrasound image subjected to
more appropriate enhancement processing.

[0097] Intheinvention, the ratio between the dilation radius
ra and the erosion radius rb depends on whether overshoot or
undershoot is to be suppressed to what extent, the type of the
subject (liver or the like), and so forth. In a portion displayed
in black, such as a blood vessel in an ultrasound image, as one
guideline for the suppression of overshoot, it is preferable that
the dilation radius ra is set to be two or more times as great as
the erosion radius rb. A ratio between the dilation radius ra
and the erosion radius rb of about 3:1 to 5:1 is particularly
preferred.

[0098] Appropriate values of the dilation radius ra and the
erosion radius rb vary with the resolution of an input image,
the type of the subject, imaging conditions (the frequency
band or the center frequency of the ultrasound probe 1), the
frequency or bandwidth of an ultrasonic wave to be transmit-
ted, the scan line density, filter characteristics of detection
processing at the time of reception, imaging methods such as
harmonic imaging, and the like. With respect to the order,
several pixels are suitable for a normal ultrasound image.
[0099] While the ultrasound diagnostic apparatus accord-
ing to Embodiments 1 and 2 of the present invention have
been described above in detail, the present invention is not
limited thereto and may be improved or modified in various
forms without departing from the gist of the invention.

What is claimed is:

1. An ultrasound diagnostic apparatus which transmits an
ultrasonic wave toward a subject by an ultrasound probe,
produces ultrasound image data based on obtained reception
data by a diagnostic apparatus body, and displays an ultra-
sound image, the ultrasound diagnostic apparatus compris-
ing:

adilation processor which performs dilation processing on

the ultrasound image data based on a dilation radius to
produce dilated image data;

an erosion processor which performs erosion processing

on the ultrasound image data based on an erosion radius
different in magnitude from the dilation radius to pro-
duce eroded image data;

adifference processor which calculates difference between

the dilated image data and the eroded image data to
produce difference image data; and

an edge enhancer which performs edge enhancement pro-

cessing on the ultrasound image data based on the dif-
ference image data to produce edge enhanced image
data.

2. The ultrasound diagnostic apparatus according to claim
15

wherein the dilation radius is greater than the erosion

radius.

3. The ultrasound diagnostic apparatus according to claim
15

wherein the dilation radius is two or more times as great as

the erosion radius.

4. The ultrasound diagnostic apparatus according to claim
15

wherein a ratio between the dilation radius and the erosion

radius is 3:1 to 5:1.

5. The ultrasound diagnostic apparatus according to claim

15
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wherein the dilation radius is smaller than the erosion
radius.

6. The ultrasound diagnostic apparatus according to claim

1, further comprising:

a luminance value calculator which calculates a peripheral
luminance value for each pixel of the ultrasound image;
and

a radius controller which controls each of the dilation
radius for use in the dilation processing and the erosion
radius for use in the erosion processing,

wherein the radius controller controls each of the dilation
radius and the erosion radius for each pixel based on the
peripheral luminance value.

7. The ultrasound diagnostic apparatus according to claim

65

wherein the peripheral luminance value is an average value
of luminance values of a plurality of peripheral pixels
corresponding to one pixel of the ultrasound image.

8. The ultrasound diagnostic apparatus according to claim

6,

wherein the radius controller controls the dilation radius
and the erosion radius so that the dilation radius
becomes greater than the erosion radius when the
peripheral luminance value calculated by the luminance
value calculator is lower than a predetermined value, and
so that the dilation radius becomes smaller than the
erosion radius when the peripheral luminance value cal-
culated by the luminance value calculator is higher than
the predetermined value.

9. The ultrasound diagnostic apparatus according to claim

73

wherein the radius controller controls the dilation radius
and the erosion radius so that the dilation radius
becomes greater than the erosion radius when the
peripheral luminance value calculated by the luminance
value calculator is lower than a predetermined value, and
so that the dilation radius becomes smaller than the
erosion radius when the peripheral luminance value cal-
culated by the luminance value calculator is higher than
the predetermined value.

10. A method of producing an ultrasound image, in which
an ultrasonic wave is transmitted toward a subject by an
ultrasound probe, ultrasound image data is produced by a
diagnostic apparatus body based on obtained reception data,
and an ultrasound image is displayed, the method comprising
the steps of:

performing dilation processing on the ultrasound image
data based on a dilation radius to produce dilated image
data, and performing erosion processing on the ultra-
sound image data based on an erosion radius different in
magnitude from the dilation radius to produce eroded
image data;

calculating difference between the dilated image data and
the eroded image data to produce difference image data;

performing edge enhancement processing on the ultra-
sound image data based on the difference image data to
produce edge enhanced image data; and

displaying an ultrasound image based on the edge
enhanced image data.

* #* * #* #®
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