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FIG. 2
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Calculate a correlation value between the 83

yes

no 4
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FIG. 3
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FIG. 5
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FIG. 9
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-—< Correction value smaller than a threshold? y
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and store it as part of 3D data S5
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/ yes

S7 Obtain an average or maximum of time intervals at
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END
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FIG. 12 C START Contrast-Enhanced
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FIG. 14

START Contrast-Enhanced
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FIG. 15
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FIG. 17
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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Application
No. 2002-326198 filed Nov. 11, 2002.

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic diagnostic
apparatus, and more particularly to an ultrasonic diagnostic
apparatus that can acquire three-dimensional data for a con-
trast-enhanced image at an appropriate scan plane distance.

A conventional ultrasonic diagnostic apparatus captures a
contrast-enthanced image by alternately conducting a scan
with an ultrasonic beam at such a level as not to break contrast
agent and a scan with an ultrasonic beam at such a level as to
break contrast agent (see Patent Document 1, for example).

Moreover, another conventional ultrasonic diagnostic
apparatus acquires three-dimensional data by obtaining
images at sequentially abutting scan planes while an operator
is moving an ultrasonic probe in a direction orthogonal to the
scan plane (see Patent Document 2, for example).

Furthermore, still another conventional ultrasonic diagnos-
tic apparatus employs a sensor for detecting the position ofan
ultrasonic probe during acquisition of three-dimensional data
(see Patent Document 3, for example).

[Patent Document 1]

Japanese Patent Application Laid Open No. 2002-
045360.

[Patent Document 2]

Japanese Patent Application Laid Open No. 2000-
325348.

[Patent Document 3]

Japanese Patent Application Laid Open No. 2001-
252268.

If the conventional techniques are combined, three-dimen-
sional data for a contrast-enhanced image can be acquired.

However, since an ultrasonic beam for capturing a contrast-
enhanced image is at such a level as to break contrast agent, if
the distance between adjacent scan planes is too small in
acquiring three-dimensional data, even contrast agent in the
current scan plane is broken by a previous scan, and good
three-dimensional data for a contrast-enhanced image cannot
be obtained. On the other hand, if the distance between adja-
cent scan planes is too large in acquiring three-dimensional
data, the three-dimensional data density becomes insufficient
in a direction orthogonal to the scan plane, although contrast
agent in the current scan plane is prevented from being broken
by a previous scan.

In the conventional techniques, it is difficult to use an
appropriate scan plane distance in acquiring three-dimen-
sional data for a contrast-enhanced image.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
an ultrasonic diagnostic apparatus that can acquire three-
dimensional data for a contrast-enhanced image at an appro-
priate scan plane distance.

In its first aspect, the present invention provides an ultra-
sonic diagnostic apparatus characterized in comprising: an
ultrasonic probe; transmitting/receiving means for driving
said ultrasonic probe to scan the inside ofa subject in a planar
manner with an ultrasonic beam; image producing means for
producing an image based on received data obtained from one
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scan plane; correlation value calculating means for calculat-
ing a correlation value between images; monitoring scan
control means for repeatedly conducting a scan with an ultra-
sonic beam at such a level as not to break contrast agent until
a correlation value between an initial image and a current
image becomes smaller than a threshold; and imaging scan
control means for, when the correlation value becomes
smaller than the threshold, capturing one image with an ultra-
sonic beam at such a level as to break contrast agent and
returning control to said monitoring scan control means.

In this configuration, the “initial image™ is the first image
that is acquired after control has been passed to the monitor-
ing scan control means. That is, when control is returned from
the imaging scan control means to the monitoring scan con-
trol means, the initial image is the first image that is acquired
thereafter.

In the ultrasonic diagnostic apparatus of the first aspect,
when the operator moves an ultrasonic probe in a direction
orthogonal to the scan plane at a relatively slow rate, a scan is
conducted with an ultrasonic beam at such a level as not to
break contrast agent, because the correlation value between
images is larger than a threshold while the distance from the
initial scan plane is too small. Therefore, the contrast agent is
prevented from being broken. When the distance from the
initial scan plane reaches an appropriate value and the corre-
lation value between images becomes smaller than the thresh-
old, a scan is conducted with an ultrasonic beam at such a
level as to break contrast agent. Thus, three-dimensional data
for a contrast-enhanced image can be acquired at an appro-
priate scan plane distance even for a different moving rate of
the ultrasonic probe or for a different subject or imaged
region.

Moreover, the scan plane distance (i.e., the three-dimen-
sional data density in a direction orthogonal to the scan plane)
can be adjusted by modifying the threshold.

In its second aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: the apparatus comprises
imaging scan time interval acquisition means for acquiring a
time interval at which said imaging scan control means con-
ducts image capture; and after one acquisition of the time
interval, said imaging scan control means conducts image
capture with an ultrasonic beam at such a level as to break
contrast agent at said time interval without returning control
to said monitoring scan control means.

In the ultrasonic diagnostic apparatus of the second aspect,
after a time interval has been acquired once, image capture is
conducted not with an ultrasonic beam at such a level as not to
break contrast agent but with an ultrasonic beam at such a
level as to break contrast agent at the acquired time interval,
and therefore, calculation of a correlation value is not con-
stantly needed, thereby simplifying processing.

In its third aspect, the present invention provides the ultra-
sonic diagnostic apparatus having the aforementioned con-
figuration, characterized in that: said imaging scan control
means returns control to said monitoring scan control means
after conducting image capture with an ultrasonic beam at
such a level as to break contrast agent at said time interval for
M (1) times without returning control to said monitoring
scan control means.

In the ultrasonic diagnostic apparatus of the third aspect,
the process goes back to processing for conducting image
capture with an ultrasonic beam at such a level as not to break
contrast agent and calculating a correlation value after con-
ducting image capture with an ultrasonic beam at such a level
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as to break contrast agent for M times; and therefore, the time
interval may be properly corrected in the course ofacquisition
of three-dimensional data.

In its fourth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: the apparatus comprises
imaging scan time interval acquisition means for acquiring a
time interval at which said imaging scan control means con-
ducts image capture; and after N (22) acquisitions of the time
interval, said imaging scan control means conducts image
capture with an ultrasonic beam at such a level as to break
contrast agent at an average or maximum of said time interval
without returning control to said monitoring scan control
means,

In the ultrasonic diagnostic apparatus of the fourth aspect,
after atime interval has been acquired N times, image capture
is conducted not with an ultrasonic beam at such a level as not
to break contrast agent but with an ultrasonic beam at such a
level as to break contrast agent at the average or maximum of
the acquired time interval; and therefore, calculation of a
correlation value is not constantly needed, thereby simplify-
ing processing. Moreover, since the average or maximum of
the time interval acquired N times is used, reliability is
improved.

In its fifth aspect, the present invention provides the ultra-
sonic diagnostic apparatus having the aforementioned con-
figuration, characterized in that: said imaging scan control
means returns control to said monitoring scan control means
after conducting image capture with an ultrasonic beam at
such a level as to break contrast agent at the average or
maximum of said time interval for M (Z1) times without
returning control to said monitoring scan control means.

Inthe ultrasonic diagnostic apparatus of the fifth aspect, the
process goes back to processing for conducting image capture
with an ultrasonic beam at such a level as not to break contrast
agent and calculating a correlation value after conducting
image capture with an ultrasonic beam at such a level as to
break contrast agent for M times; and, therefore, the time
interval may be properly corrected in the course ofacquisition
of three-dimensional data.

In its sixth aspect, the present invention provides an ultra-
sonic diagnostic apparatus characterized in comprising: an
ultrasonic probe; ultrasonic probe position detecting means
for detecting a position of said ultrasonic probe; transmitting/
receiving means for driving said ultrasonic probe to repeat-
edly scan the inside of a subject in a planar manner with an
ultrasonic beam; image producing means for producing an
image based on received data obtained from one scan plane;
correlation value calculating means for calculating a correla-
tion value between images; monitoring scan control means
for repeatedly conducting a scan with an ultrasonic beam at
such a level as not to break contrast agent until a correlation
value between an initial image and a current image becomes
smaller than a threshold; imaging scan control means for,
when the correlation value becomes smaller than the thresh-
old, capturing one image with an ultrasonic beam at such a
level as to break contrast agent and returning control to said
monitoring scan control means; and imaging scan plane dis-
tance acquisition means for acquiring a scan plane distance at
which said imaging scan control means conducts image cap-
ture by said ultrasonic probe position detecting means;
wherein after acquiring a scan plane distance once, said imag-
ing scan control means conducts image capture with an ultra-
sonic beam at such a level as to break contrast agent at said
scan plane distance without returning control to said moni-
toring scan control means.
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In this configuration, the “initial image™ is the first image
that is acquired after control has been passed to the monitor-
ing scan control means. That is, when control is returned from
the imaging scan control means to the monitoring scan con-
trol means, the initial image is the first image that is acquired
thereafier.

In the ultrasonic diagnostic apparatus of the sixth aspect,
when the operator moves the ultrasonic probe in a direction
orthogonal to the scan plane at a relatively slow rate, a scan is
conducted with an ultrasonic beam at such a level as not to
break contrast agent, because the correlation value between
images is larger than a threshold while the distance from the
initial scan plane is too small. Therefore, the contrast agent is
prevented from being broken. When the distance from the
initial scan plane reaches an appropriate value and the corre-
lation value between images becomes smaller than the thresh-
old, a scan is conducted with an ultrasonic beam at such a
level as to break contrast agent. Thus, three-dimensional data
for a contrast-enhanced image can be acquired at an appro-
priate scan plane distance even for a different moving rate of
the ultrasonic probe or for a different subject or imaged
region.

After the scan plane distance has been acquired once,
image capture is conducted not with an ultrasonic beam at
such a level as not to break contrast agent but with an ultra-
sonic beam at such a level as to break contrast agent at the
acquired scan plane distance; and therefore, calculation of a
correlation value is not constantly needed, thereby simplify-
ing processing.

Moreover, the scan plane distance (i.e., the three-dimen-
sional data density in a direction orthogonal to the scan plane)
can be adjusted by modifying the threshold.

In its seventh aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: said imaging scan con-
trol means returns control to said monitoring scan control
means after conducting image capture with an ultrasonic
beam at such a level as to break contrast agent at said scan
plane distance for M (1) times without returning control to
said monitoring scan control means.

Inthe ultrasonic diagnostic apparatus of the seventh aspect,
the process goes back to processing for conducting image
capture with an ultrasonic beam at such a level as not to break
contrast agent and calculating a correlation value after con-
ducting image capture with an ultrasonic beam at such a level
as to break contrast agent for M times; and therefore, the time
interval may be properly corrected in the course of acquisition
of three-dimensional data.

Inits eighth aspect, the present invention provides an ultra-
sonic diagnostic apparatus characterized in comprising: an
ultrasonic probe; ultrasonic probe position detecting means
for detecting a position of said ultrasonic probe; transmitting/
receiving means for driving said ultrasonic probe to repeat-
edly scan the inside of a subject in a planar manner with an
ultrasonic beam; image producing means for producing an
image based on received data obtained from one scan plane;
correlation value calculating means for calculating a correla-
tion value between images; monitoring scan control means
for repeatedly conducting a scan with an ultrasonic beam at
such a level as not to break contrast agent until a correlation
value between an initial image and a current image becomes
smaller than a threshold; imaging scan control means for,
when the correlation value becomes smaller than the thresh-
old, capturing one image with an ultrasonic beam at such a
level as to break contrast agent and returning control to said
monitoring scan control means; and imaging scan plane dis-
tance acquisition means for acquiring a scan plane distance at
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which said imaging scan control means conducts image cap-
ture by said ultrasonic probe position detecting means;
wherein after N (22) acquisitions of the scan plane distance,
said imaging scan control means conducts image capture with
anultrasonic beam at such a level as to break contrast agent at
an average or maximum of said scan plane distance without
returning control to said monitoring scan control means.

In this configuration, the “initial image” is the first image
that is acquired after control has been passed to the monitor-
ing scan control means. That is, when control is returned from
the imaging scan control means to the monitoring scan con-
trol means, the initial image is the first image that is acquired
thereafter.

In the ultrasonic diagnostic apparatus of the eighth aspect,
when the operator moves the ultrasonic probe in a direction
orthogonal to the scan plane at a relatively slow rate, a scan is
conducted with an ultrasonic beam at such a level as not to
break contrast agent, because the correlation value between
images is larger than a threshold while the distance from the
initial scan plane is too small. Therefore, the contrast agent is
prevented from being broken. When the distance from the
initial scan plane reaches an appropriate value and the corre-
lation value between images becomes smaller than the thresh-
old, a scan is conducted with an ultrasonic beam at such a
level as to break contrast agent. Thus, three-dimensional data
for a contrast-enhanced image can be acquired at an appro-
priate scan plane distance even for a different moving rate of
the ultrasonic probe or for a different subject or imaged
region.

After the scan plane distance has been acquired N times,
image capture is conducted not with an ultrasonic beam at
such a level as not to break contrast agent but with an ultra-
sonic beam at such a level as to break contrast agent at the
average or maximum of the acquired scan plane distance; and
therefore, calculation of a correlation value is not constantly
needed, thereby simplifying processing. Moreover, since the
average or maximum of the time interval acquired N times is
used, reliability is improved.

Furthermore, the scan plane distance (i.e., the three-dimen-
sional data density in a direction orthogonal to the scan plane)
can be adjusted by modifying the threshold.

Inits ninth aspect, the present invention provides the ultra-
sonic diagnostic apparatus having the aforementioned con-
figuration, characterized in that: said imaging scan control
means returns control to said monitoring scan control means
after conducting image capture with an ultrasonic beam at
such a level as to break contrast agent at the average or
maximum of said scan plane distance for M (1) times with-
out returning control to said monitoring scan control means.

In the ultrasonic diagnostic apparatus of the ninth aspect,
the process goes back to processing for conducting image
capture with an ultrasonic beam at such a level as not to break
contrast agent and calculating a correlation value after con-
ducting image capture with an ultrasonic beam at such a level
as to break contrast agent for M times; and therefore, the time
interval may be properly corrected in the course of acquisition
of three-dimensional data.

In its tenth aspect, the present invention provides the ultra-
sonic diagnostic apparatus having the aforementioned con-
figuration, characterized in comprising: ultrasonic probe
moving means for moving said ultrasonic probe in a direction
orthogonal to a scan plane at a constant rate.

In the ultrasonic diagnostic apparatus of the tenth aspect,
the ultrasonic probe can be automatically moved in a direc-
tion orthogonal to the scan plane. Thus, three-dimensional
data for a contrast-enhanced image can be acquired at an
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appropriate scan plane distance while maintaining a constant
moving rate of the ultrasonic probe even for a different sub-
ject or imaged region.

In its eleventh aspect, the present invention provides an
ultrasonic diagnostic apparatus characterized in comprising:
a two-dimensional array ultrasonic probe; transmitting/re-
ceiving means for driving said two-dimensional array ultra-
sonic probe to sequentially repeat a scan of the inside of a
subject in a planar manner with an ultrasonic beam and then
ascan of a scan plane adjacent to the previous scan plane at a
predefined distance; image producing means for producing
an image based on received data obtained from one scan
plane; correlation value calculating means for calculating a
correlation value between images; monitoring scan control
means for repeatedly conducting a scan with an ultrasonic
beam at such a level as not to break contrast agent until a
correlation value between an initial image and a current
image becomes smaller than a threshold; and imaging scan
control means for, when the correlation value becomes
smaller than the threshold, capturing one image with an ultra-
sonic beam at such a level as to break contrast agent and
returning control to said monitoring scan control means.

In this configuration, the “initial image” is the first image
that is acquired after control has been passed to the monitor-
ing scan control means. That is, when control is returned from
the imaging scan control means to the monitoring scan con-
trol means, the initial image is the first image that is acquired
thereafter.

In the ultrasonic diagnostic apparatus of the eleventh
aspect, when image capture is repeated at a relatively small
distance between scan planes, a scan is conducted with an
ultrasonic beam at such a level as not to break contrast agent,
because the correlation value between images is larger than a
threshold while the distance from an initial scan plane is too
small. Therefore, the contrast agent is prevented from being
broken. When the distance from the initial scan plane reaches
an appropriate value and the correlation value between
images becomes smaller than the threshold, a scan is con-
ducted with an ultrasonic beam at such a level as to break
contrast agent. Thus, three-dimensional data for a contrast-
enhanced image can be acquired at an appropriate scan plane
distance while maintaining a constant scan plane distance
even for a different subject or imaged region.

Moreover, the scan plane distance can be adjusted by modi-
fying the threshold. That is, the three-dimensional data den-
sity in a direction orthogonal to the scan plane can be
adjusted.

In its twelfth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: the apparatus comprises
imaging scan plane distance acquisition means for acquiring
a scan plane distance at which said imaging scan control
means conducts image capture; and after acquiring a scan
plane distance once, said imaging scan control means con-
ducts image capture with an ultrasonic beam at such a level as
to break contrast agent at said scan plane distance without
returning control to said monitoring scan control means.

In the ultrasonic diagnostic apparatus of the twelfth aspect,
after a time interval has been acquired once, image capture is
conducted not with an ultrasonic beam at such a level as not to
break contrast agent but with an ultrasonic beam at such a
level as to break contrast agent at the acquired scan plane
distance; and therefore, calculation of a correlation value is
not constantly needed, thereby simplifying processing.

In its thirteenth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: said imaging scan con-
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trol means returns control to said monitoring scan control
means after conducting image capture with an ultrasonic
beam at such a level as to break contrast agent at said scan
plane distance for M (1) times without returning control to
said monitoring scan control means.

In the ultrasonic diagnostic apparatus of the thirteenth
aspect, the process goes back to processing for conducting
image capture with an ultrasonic beam at sucha level as not to
break contrast agent and calculating a correlation value after
conducting image capture with an ultrasonic beam at such a
level as to break contrast agent for M times; and therefore, the
time interval may be properly corrected in the course of
acquisition of three-dimensional data.

In its fourteenth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: the apparatus comprises
imaging scan plane distance acquisition means for acquiring
a scan plane distance at which said imaging scan control
means conducts image capture; and after N (Z2) acquisitions
of the scan plane distance, said imaging scan control means
conducts image capture with an ultrasonic beam at such a
level as to break contrast agent at an average or maximum of
said scan plane distance without returning control to said
monitoring scan control means.

In the ultrasonic diagnostic apparatus of the fourteenth
aspect, after a time interval has been acquired N times, image
capture is conducted not with an ultrasonic beam at such a
level as not to break contrast agent but with an ultrasonic
beam at such a level as to break contrast agent at the average
or maximum of the acquired time interval; and therefore,
calculation of a correlation value is not constantly needed,
thereby simplifying processing. Moreover, since the average
or maximum of the time interval acquired N times is used,
reliability is improved.

In its fifteenth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: said imaging scan con-
trol means returns control to said monitoring scan control
means after conducting image capture with an ultrasonic
beam at such a level as to break contrast agent at the average
or maximum of said scan plane distance for M (1) times
without returning control to said monitoring scan control
means.

In the ultrasonic diagnostic apparatus of the fifteenth
aspect, the process goes back to processing for conducting
image capture with an ultrasonic beam at sucha level as notto
break contrast agent and calculating a correlation value after
conducting image capture with an ultrasonic beam at such a
level as to break contrast agent for M times, the time interval
may be properly corrected in the course of acquisition of
three-dimensional data.

In its sixteenth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: said monitoring scan
control means and said imaging scan control means conduct
a B-mode scan.

In the ultrasonic diagnostic apparatus of the sixteenth
aspect, three-dimensional data for a B-mode contrast-en-
hanced image can be acquired at an appropriate scan plane
distance.

Inits seventeenth aspect, the present invention provides the
ultrasonic diagnostic apparatus having the aforementioned
configuration, characterized in that: said monitoring scan
control means conducts a B-mode scan; and said imaging
scan control means conducts a CFM (color flow mapping),
PDI (power Dopplerimaging), harmonic imaging, or contrast
application scan.
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In the ultrasonic diagnostic apparatus of the seventeenth
aspect, three-dimensional data for a contrast-enhanced image
by a CFM, PDI, harmonic imaging such as phase inversion or
contrast application can be acquired at an appropriate scan
plane distance.

According to the ultrasonic diagnostic apparatus of the
present invention, three-dimensional data for a contrast-en-
hanced image can be acquired at an appropriate scan plane
distance even for a different moving rate of the ultrasonic
probe or for a different subject or imaged region.

Further objects and advantages of the present invention
will be apparent from the following description of the pre-
ferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration diagram showing an ultrasonic
diagnostic apparatus in accordance with a First Embodiment.

FIG. 2 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus in accordance with the First Embodi-
ment.

FIG. 3 is an explanatory diagram showing the position of a
scan plane corresponding an initial image.

FIG. 4 is an explanatory diagram showing the position of
scan planes corresponding the initial image and a current
image.

FIG. 5 is an explanatory diagram showing the position of a
scan plane scanned with a high MI value.

FIG. 6 is an explanatory diagram showing the position of a
scan plane corresponding a new initial image.

FIG.7 is an explanatory diagram showing the distance for
scan planes scanned with a high MI value.

FIG. 8 is a conceptual diagram showing contrast-enhanced
three-dimensional data.

FIG. 9 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus in accordance with a Second Embodi-
ment.

FIG. 10 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus in accordance with a Third Embodi-
ment.

FIG. 11 is a configuration diagram showing an ultrasonic
diagnostic apparatus in accordance with a Fourth Embodi-
ment.

FIG. 12 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus in accordance with the Fourth Embodi-
ment.

FIG. 13 is a configuration diagram showing an ultrasonic
diagnostic apparatus in accordance with a Fifth Embodiment.

FIG. 14 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus in accordance with the Fifth Embodi-
ment.

FIG. 15 is an explanatory diagram showing the position of
a scan plane corresponding an initial image.

FIG. 16 is an explanatory diagram showing the position of
scan planes corresponding the initial image and a current
image.

FIG. 17 is an explanatory diagram showing the position of
a scan plane scanned with a high MI value.

FIG. 18 is an explanatory diagram showing the position of
a scan plane corresponding a new initial image.
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FIG. 19 is an explanatory diagram showing a distance for
scan planes scanned with a high MI value.

FIG. 20 is a conceptual diagram showing contrast-en-
hanced three-dimensional data.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described in more detail
with reference to embodiments shown in the accompanying
drawings.

First Embodiment

FIG. 1 is a configuration diagram showing an ultrasonic
diagnostic apparatus in accordance with a First Embodiment.

The ultrasonic diagnostic apparatus 100 comprises an
ultrasonic probe 1, a transmitting/receiving section 2 for driv-
ing the ultrasonic probe 1 to scan the inside of a subject with
an ultrasonic beam in a planar manner, an image producing
section 3 for producing an image based on received data
obtained from one scan plane, an image display section 4 for
displaying an image, a data storage section 5 for storing
images and three-dimensional data, a control section 6 for
controlling the overall operation, and an input section 7 for
use by an operator to specify a threshold and give instructions.

The control section 6 includes a low-MI scan control sec-
tion 6L that is responsible for conducting a scan with such a
low MI (mechanical index) value as not to break contrast
agent, a high-MI scan control section 6H that is responsible
for conducting a scan with such a high MI value as to break
contrast agent, and a correlation value calculating section 6C
for calculating a correlation value between images.

The MI value is a negative maximum peak sound pressure
on an acoustic axis normalized by a reference sound pressure
1 Mpa.

FIG. 2 is a flow chart showing a first example of contrast-
enhanced three-dimensional data acquisition processing by
the ultrasonic diagnostic apparatus 100.

The operator injects contrast agent into a subject, puts the
ultrasonic probe 1 against the subject, activates the contrast-
enhanced three-dimensional data acquisition processing, and
then, slowly moves the ultrasonic probe 11in a direction (z-di-
rection) orthogonal to its scan plane (x-y plane).

At Step S1, the low-MI scan control section 6L conducts a
B-mode scan with such a low M1 value as not to break contrast
agent, the image producing section 3 produces a B-mode
image, and the data storage section 5 stores the B-mode image
as an initial image.

FIG. 3 shows the position of a scan plane p1 corresponding
to the initial image.

At Step S2, the low-MI scan control section 61 waits for a
predetermined time, conducts a B-mode scan with such a low
MI value as not to break contrast agent, the image producing
section 3 produces a B-mode image, and the data storage
section 5 stores the B-mode image as a current image.

At Step S3, the correlation calculating section 6C calcu-
lates a correlation value between the initial image and current
image.

At Step S4, the low-MI scan control section 6L goes back
to Step S2 if the correlation value is not smaller than a thresh-
old, and goes to Step S5 if the correlation value is smaller than
the threshold.

As shown in FIG. 4(a), when the position of the scan plane
p1 corresponding to the initial image and that of a scan plane
p2 corresponding to the current image are close to each other,
the correlation value is not smaller than the threshold, and the
process goes back to Step S2.
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As shown in FIG. 4(b), when the position of the scan plane
p1 corresponding to the initial image and that of a scan plane
p1 corresponding to the current image are properly separated,
the correlation value is smaller than the threshold, and the
process goes to Step SS.

At Step S5, the high-MI scan control section 6H conducts
a B-mode, CFM or PDI scan with such a high M1 value as to
break contrast agent, the image producing section 3 produces
a B-mode, CFM or PDI image, and the data storage section 5
stores the B-mode, CFM or PDI image as original data for
contrast-enhanced three-dimensional data.

FIG. 5 shows the position of a scan plane pl scanned with
a high MI value.

At Step S11, if a command to terminate acquisition is not
issued, the control section 6 instructs the data storage section
5to store an image that will be produced by a next scan by the
low-MI scan control section 61 as a current image, and goes
back to Step S1. If a command to terminate acquisition is
issued, the process is terminated.

FIG. 6 shows the position of a scan plane p1 corresponding
a new initial image after going back to Step S1.

As aresult of the process, a high-MI scan can be conducted
for scan planes P1, P2, P3, . . . at appropriate distances even
for a different moving rate of the ultrasonic probe 1 or for a
different subject or imaged region, as shown in FIG. 7.

Thus, the data storage section 5 can suitably acquire con-
trast-enhanced three-dimensional data TD as shown in FIG.
8.

Moreover, the distance between the scan planes P1, P2,
P3. . .. (ie. the density of the contrast-enhanced three-
dimensional data TD in a direction orthogonal to a scan plane)
can be adjusted by modifying the threshold.

Second Embodiment

FIG. 9 is a flow chart showing a second example of con-
trast-enhanced three-dimensional data acquisition processing
by the ultrasonic diagnostic apparatus 100.

The number of repetitions n (1) used in this processing is
specified beforehand by the operator.

At Step S0, the control section 6 initializes a repetition
counter k=0.

Steps S1-S5 are similar to those described in the First
Embodiment.

At Step S6, the control section 6 goes to Step S7 if k=n+1
does not hold, and to Step S8 if k=n+1 holds.

At Step 87, the control section 6 increments the repetition
counter k. The process then goes back to Step S1.

At Step S8, the control section 6 obtains an average (or
maximum) of time intervals at which images are captured
with a high MI value. If n=1 has been specified, only one time
interval is acquired, and it is used as the average (and maxi-
mum).

At Step S10, the high-MI scan control section 6H conducts
a B-mode, CFM or PDI scan with a high MI value at the
average (or maximum) time interval acquired at Step S8, the
image producing section 3 produces a B-mode, CFM or PDI
image, and the data storage section 5 stores the B-mode, CFM
or PDI image as original data for contrast-enhanced three-
dimensional data.

At Step S11, if a command to terminate acquisition is not
issued, the control section 6 goes back to Step S10. If a
command to terminate acquisition is issued, the process is
terminated.

As aresult of the process, contrast-enhanced three-dimen-
sional data can be suitably acquired even for a different mov-
ing rate of the ultrasonic probe 1 or for a different subject or
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imaged region because a high-MI scan is conducted at an
appropriate scan plane distance. Moreover, since the correla-
tion calculation is conducted only for first n times, processing
load is mitigated.

Third Embodiment

FIG. 10 is a flow chart showing a third example of contrast-
enhanced three-dimensional data acquisition processing by
the ultrasonic diagnostic apparatus 100.

The numbers of repetitions n (1) and M (Z1) used in this
processing are specified beforehand by the operator.

Steps S0-S8 are similar to those described in the Second
Embodiment.

At Step S9, the control section 6 initializes a repetition
counter g=1.

At Step S10, the high-MI scan control section 6H conducts
a B-mode, CFM or PDI scan with a high MI value at the
average (or maximum) time interval acquired at Step S8, the
image producing section 3 produces a B-mode, CFM or PDI
image, and the data storage section 5 stores the B-mode, CFM
or PDI image as original data for contrast-enhanced three-
dimensional data.

At Step S11, if a command to terminate acquisition is not
issued, the control section 6 goes to Step S12. If a command
to terminate acquisition is issued, the process is terminated.

At Step S12, the control section 6 goes to Step S13 if g=M
does not hold, and goes back to Step S0 if q=M holds.

At Step S13, the control section 6 increments the repetition
counter q. The process then goes back to Step S10.

As a result of the process, contrast-enhanced three-dimen-
sional data can be suitably acquired even for a different mov-
ing rate of the ultrasonic probe 1 or for a different subject or
imaged region because a high-MI scan is conducted at an
appropriate scan plane distance. Moreover, since the correla-
tion calculation is not conducted while M scans are conducted
with a high MI value, processing load is mitigated. Further-
more, the process goes back to processing for conducting
image capture with a low MI value and calculating a correla-
tion value after the M scans with a high Ml value, and there-
fore, the time interval may be properly corrected in the course
of acquisition of three-dimensional data.

Fourth Embodiment

FIG. 11 is a configuration diagram showing an ultrasonic
diagnostic apparatus in accordance with a Fourth Embodi-
ment.

The ultrasonic diagnostic apparatus 400 is basically the
same as the ultrasonic diagnostic apparatus 100 in accordance
with the First Embodiment except that the ultrasonic probe 1
is provided with a position sensor 8.

FIG. 12 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus 400.

At Step S0, the control section 6 initializes a repetition
counter k=0.

At Step S1, the low-MI scan control section 6L conducts a
B-mode scan with a low MI value, the image producing
section 3 produces a B-mode image, and the data storage
section 5 stores the B-mode image as an initial image.

FIG. 3 shows the position of a scan plane p1 corresponding
to the initials image.

At Step S2', the low-MI scan control section 6L waits for
the position sensor 8 to detect a predetermined distance from
the previous scan plane and conducts a B-mode scan with a
low MI value, the image producing section 3 produces a
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B-mode image, and the data storage section 5 stores the
B-mode image as a current image.

At Step S3, the correlation calculating section 6C calcu-
lates a correlation value between the initial image and current
image.

At Step S4, the low-MI scan control section 6L goes back
to Step S2' if the correlation value is not smaller than a
threshold, and goes to Step S5 if the correlation value is
smaller than the threshold.

At Step S5, the high-MI scan control section 6H conducts
a B-mode, CFM or PDI scan with a high M1 value, the image
producing section 3 produces a B-mode, CFM or PDI image,
and the data storage section 5 stores the B-mode, CFM or PDI
image as original data for contrast-enhanced three-dimen-
sional data.

At Step S6, the control section 6 goes to Step S7 if k=n+1
does not hold, and to Step S8 if k=n+1 holds.

At Step S7, the control section 6 increments a repetition
counter k. The process then goes back to Step S1.

At Step S8, the control section 6 obtains an average (or
maximum) of scan plane distances at which images are cap-
tured with ahigh Ml value. If n=1 has been specified, only one
scan plane distance is acquired, and it is used as the average
(and maximum).

At Step S9, the control section 6 initializes a repetition
counter to q=1.

At Step S10', the high-MI scan control section 6H conducts
a B-mode, CFM or PDI scan with a high MI value at the
average (or maximum) time interval acquired at Step S§', the
image producing section 3 produces a B-mode, CFM or PDI
image, and the data storage section 5 stores the B-mode, CFM
or PDI image as original data for contrast-enhanced three-
dimensional data.

At Step S10', if a command to terminate acquisition is not
issued, the control section 6 goes to Step S12. If a command
to terminate acquisition is issued, the process is terminated.

At Step S12, the control section 6 goes to Step S13 if g=M
does not hold, and goes back to Step S0 if q=M holds.

At Step S13, the control section 6 increments the repetition
counter g. The process then goes back to Step S10".

As aresult of the process, contrast-enhanced three-dimen-
sional data can be suitably acquired even for a different mov-
ing rate of the ultrasonic probe 1 or for a different subject or
imaged region because a high-MI scan is conducted at an
appropriate scan plane distance.

Although FIG. 12 is depicted corresponding to FIG. 10, it
can be easily modified to correspond to FIG. 2 or 9.

Fifth Embodiment

FIG. 13 is a configuration diagram showing an ultrasonic
diagnostic apparatus in accordance with a Fifth Embodiment.

The ultrasonic diagnostic apparatus 500 is basically the
same as the ultrasonic diagnostic apparatus 100 in accordance
with the First Embodiment except that it comprises a two-
dimensional array ultrasonic probe 10, and a control section 6'
that can change the position of a scan plane by electronically
moving a scan plane like a flap in a direction orthogonal to a
scan plane.

FIG. 14 is a flow chart showing contrast-enhanced three-
dimensional data acquisition processing by the ultrasonic
diagnostic apparatus 500.

The operator injects contrast agent into a subject, puts the
ultrasonic probe 10 against the subject, activates the contrast-
enhanced three-dimensional data acquisition processing, and
then, electronically moves a scan plane (x-y plane) of the
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ultrasonic probe 10 in an orthogonal direction (z-direction) at
a predetermined angular distance.

At Step S1, the low-MI scan control section 6L conducts a
B-mode scan with a low MI value, the image producing
section 3 produces a B-mode image, and the data storage
section 5 stores the B-mode image as an initial image.

FIG. 15 shows the position of a scan plane p1 correspond-
ing to the initial image.

At Step S2", the low-MI scan control section 61 changes
the scan plane to one lying at a predetermined distance from
the previous one and conducts a B-mode scan with a low MI
value, the image producing section 3 produces a B-mode
image, and the data storage section 5 stores the B-mode image
as a current image.

At Step S3, the correlation calculating section 6C calcu-
lates a correlation value between the initial image and current
image.

At Step S4, the low-MI scan control section 6L goes back
1o Step S2" if the correlation value is not smaller than a
threshold, and goes to Step S5 if the correlation value is
smaller than the threshold.

As shown in FIG. 16(a), when the position of the scan
plane p1 corresponding to the initial image and that of a scan
plane p2 corresponding to the current image are close to each
other, the correlation value is not smaller than the threshold,
and the process goes back to Step S2".

As shown in FIG. 16(b), when the position of the scan
plane p1 corresponding to the initial image and that of a scan
plane p1 corresponding to the current image are properly
separated, the correlation value is smaller than the threshold,
and the process goes to Step S5.

At Step S8, the high-MI scan control section 6H conducts
a B-mode, CFM or PDI scan with a high MI value, the image
producing section 3 produces a B-mode, CFM or PDI image,
and the data storage section 5 stores the B-mode, CFM or PDI
image as original data for contrast-enhanced three-dimen-
sional data.

FIG. 17 shows the position of a scan plane p1 scanned with
a high MI value.

At Step S11, if a command to terminate acquisition is not
issued, the control section 6 notices the data storage section 5
to store an image that will be produced by a next scan by the
low-MI scan control section 6L as a current image, and goes
back to Step S1. If a command to terminate acquisition is
issued, the process is terminated.

FIG. 18 shows the position of a scan plane p1 correspond-
ing a new initial image after going back to Step S1.

As aresult of the process, a high-MI scan can be conducted
for scan planes P1, P2, . . . at appropriate distances even for a
different subject or imaged region, as shown in FIG. 19.

Thus, the data storage section 5 can suitably acquire con-
trast-enhanced three-dimensional data TD as shown in FIG.
20.

Moreover, the distance between the scan planes P1,
P2, . .. (i.e., the density of the contrast-enhanced three-
dimensional data TD in a direction orthogonal to the scan
plane) can be adjusted by modifying the threshold.

Although FIG. 14 is depicted corresponding to FIG. 2, it
can be easily modified to correspond to FIG. 9,10 or 12.

Another Embodiment

Although a case in which the operator moves the ultrasonic
probe 1 in a direction orthogonal to the scan plane is assumed
in the First-Fourth Embodiments, ultrasonic probe moving
means for mechanically moving the ultrasonic probe 1 at a
constant rate may be employed.
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Many widely different embodiments of the invention may
be configured without departing from the spirit and the scope
of the present invention. It should be understood that the
present invention is not limited to the specific embodiments
described in the specification, except as defined in the
appended claims.

The invention claimed is:

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

a transmitting/receiving device configured to drive said
ultrasonic probe to scan a subject in a planar manner
with an ultrasonic beam;

a low-mechanical index (MI) scan control device config-
ured to repeatedly conduct a scan with the ultrasonic
beam at a level as not to break a contrast agent to obtain
an initial image and a current image;

an image producing device configured to produce a plural-
ity of images, each image of the plurality of images
based on received data obtained from one scan plane, the
plurality of images including the initial image, the cur-
rent image, and a contrast-enhanced image;

a correlation value calculating device configured to calcu-
late a correlation value between the initial image and the
current image; and

a high-MI scan control device configured to when the
correlation value is less than a threshold value to capture
the contrast-enhanced image with the ultrasonic beam at
a level to break the contrast agent and also to return
control to said low-MI scan control device.

2. The ultrasonic diagnostic apparatus of claim 1 further
comprising an imaging scan time interval acquisition device
configured to acquire a plurality of time intervals between a
plurality of the contrast-enhanced threshold image captures
conducted by said high-MI scan control device, wherein after
conducting the plurality of contrast-enhanced image cap-
tures, said high-MI scan control device is configured to con-
duct an image capture ofa plurality of interval image captures
spaced by one of the acquired time intervals of the plurality of
acquired time intervals with the ultrasonic beam at the level to
break the contrast agent without returning control to said
low-MI scan control device.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
said high-MI scan control device is configured to return con-
trol to said low-MI scan control device after conducting the
plurality of interval image captures with the ultrasonic beam
at the level to break the contrast agent for M times without
returning control to said low-MI scan control device, wherein
M is a number of repetitions of the plurality of interval image
captures by said high-MI scan control device, and wherein
Mz1.

4. The ultrasonic diagnostic apparatus of claim 1 further
comprising an imaging scan time interval acquisition device
configured to acquire a plurality of time intervals between a
plurality of contrast-enhanced image captures conducted by
said high-MI scan control device, wherein after acquiring N
time intervals of the plurality of time intervals, said high-MI
scan control device is configured to conduct an image capture
of a plurality of interval image captures with the ultrasonic
beam at the level to break the contrast agent at spaced by an
average or a maximum of said acquired N time intervals
without returning control to said low-MI scan control device,
wherein N is a number of repetitions of the scan by said
low-MI scan control device, and wherein N=2.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
said high-MI scan control device is configured to return con-
trol to said low-MI scan control device after conducting the
plurality of interval image captures with the ultrasonic beam
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at the level to break the contrast agent spaced by the average
or the maximum of'said acquired N time intervals for M times
without returning control 1o said low-MI scan control device,
wherein M is a number of repetitions of the plurality of
interval image captures by said high-MI scan control device
during the plurality of subsequent time intervals, and wherein
Mz1.

6. The ultrasonic diagnostic apparatus of claim 1 further
comprising an ultrasonic probe moving device configured to
move said ultrasonic probe in a direction orthogonal to a scan
plane at a constant rate.

7. The ultrasonic diagnostic apparatus of claim 1 wherein
said low-MI scan control device and said high-MI scan con-
trol device are each configured to conduct a B-mode scan.

8. The ultrasonic diagnostic apparatus of claim 1 wherein
said low-MI scan control device is configured to conduct a
B-mode scan, and said high-MI scan control device is con-
figured to conduct one of a CFM scan, a PDI scan, a harmonic
imaging scan, and a contrast application scan.

9. The ultrasonic diagnostic apparatus of claim 1 further
comprising an ultrasonic probe position detecting device con-
figured to detect a position of said ultrasonic probe.

10. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

an ultrasonic probe position detecting device configured to
detect a position of said ultrasonic probe;

a transmitting/receiving device configured to drive said
ultrasonic probe to repeatedly scan a subject in a planar
manner with an ultrasonic beam;

a low-mechanical index (MI) scan control device config-
ured to repeatedly conduct a scan with the ultrasonic
beam at a level as not to break a contrast agent to obtain
an initial image and a current image;

an image producing device configured to produce a plural-
ity of images, each image of the plurality of images
based on received data obtained from one scan plane, the
plurality of images including the initial image, the cur-
rent image, and a contrast-enhanced image;

a correlation value calculating device configured to calcu-
late a correlation value between the initial image and the
current image;

a high-MI scan control device configured to when the
correlation value is less than a threshold value to capture
the contrast-enhanced image with the ultrasonic beam at
a level to break the contrast agent and also to return
control to said low-MI scan control device; and

an imaging scan plane distance acquisition device config-
ured to acquire a plurality of distances between scan
planes of a plurality of the contrast-enhanced image
captures conducted by said high MI scan control device,
the plurality of distances between scan planes acquired
from said ultrasonic probe position detecting device;

wherein, said high-MI scan control device is configured to,
after one acquisition of a first distance of the plurality of
distances between scan planes, to conduct at least one
interval image capture with the ultrasonic beam at the
level to break the contrast agent spaced by said first
distance without returning control to said low-MI scan
control device.

11. The ultrasonic diagnostic apparatus of claim 10,
wherein said high-MI scan control device is configured to
return control to said low-MI scan control device after con-
ducting the at least one interval image capture with the ultra-
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sonic beam at the level to break the contrast agent at spaced by
one of the acquired of distances between scan planes for M
times without returning control to said low-MI scan control
device, wherein M is a number of repetitions of the at least
one interval image capture by said high-MI scan control
device, and wherein MZ1.

12. The ultrasonic diagnostic apparatus of claim 10 further
comprising an ultrasonic probe moving device configured to
move said ultrasonic probe in a direction orthogonal to a scan
plane at a constant rate.

13. The ultrasonic diagnostic apparatus of claim 10
wherein said low-MI scan control device and said high-MI
scan control device are each configured to conduct a B-mode
scan.

14. The ultrasonic diagnostic apparatus of claim 10
wherein said low-MI scan control device is configured to
conduct a B-mode scan, and said high-MI scan control device
is configured to conduct one of a CFM scan, a PDI scan, a
harmonic imaging scan, and a contrast application scan.

15. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

an ultrasonic probe position detecting device configured to
detect a position of said ultrasonic probe;

a transmitting/receiving device configured to drive said
ultrasonic probe to repeatedly scan a subject in a planar
manner with an ultrasonic beam;

a low-mechanical index (MI) scan control device config-
ured to repeatedly conduct a scan with the ultrasonic
beam at a level that does not break a contrast agent to
obtain an initial image and a current image;

an image producing device configured to produce a plural-
ity of images, each image of the plurality of images
based on received data obtained from one scan plane, the
plurality of images including the initial image, the cur-
rent image, and a contrast-enhanced image;

a correlation value calculating device configured to calcu-
late a correlation value between the initial image and the
current image;

a high-MI scan control device configured to when the
correlation value is less than a threshold value to capture
the contrast-enhanced image with the ultrasonic beam at
a level to break the contrast agent and also to return
control to said low-MI scan control device; and

an imaging scan plane distance acquisition device config-
ured to acquire a plurality of distances between scan
planes, at each distance of the plurality of distances
between scan planes and wherein said high-MI scan
control device is configured to conduct at least one con-
trast-enhanced image capture, the plurality of distances
between scan planes acquired from said ultrasonic probe
position detecting device;

wherein after acquiring N distances of the plurality of
distances between scan planes, said high-MI scan con-
trol device is configured to conduct at least one interval
image capture with the ultrasonic beam at the level to
break the contrast agent spaced by an average or a maxi-
mum of said N distances without returning control to
said low-MI scan control device, wherein N is a number
of repetitions of the scan by said low-MI scan control
device, and wherein N=2.

16. The ultrasonic diagnostic apparatus of claim 15,
wherein said high-MI scan control device is configured to
return control to said low-MI scan control device after con-
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ducting the at least one interval image capture with the ultra-
sonic beam at the level to break the contrast agent spaced by
the average or the maximum of said N distances for a plurality
of subsequent scan plane distances for M times without
returning control to said low-MI scan control device, wherein
M is a number of repetitions of the at least one interval image
capture by said high-MI scan control device at the plurality of
subsequent scan plane distances, and wherein M=1.

17. The ultrasonic diagnostic apparatus of claim 15 further
comprising an ultrasonic probe moving device configured to
move said ultrasonic probe in a direction orthogonal to a scan
plane at a constant rate.

18

18. The ultrasonic diagnostic apparatus of claim 15
wherein said low-MI scan control device and said high-MI
scan control device are each configured to conduct a B-mode
scan.

19. The ultrasonic diagnostic apparatus of claim 15
wherein said low-MI scan control device is configured to
conduct a B-mode scan, and said high-MI scan control device
is configured to conduct one of a CFM scan, a PDI scan, a

1o harmonic imaging scan, and a contrast application scan.
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