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7) ABSTRACT

For the purpose of acquiring three-dimensional data for a
contrast-enhanced image at an appropriate scan plane dis-
tance even for a different moving rate of an ultrasonic probe
or for a different subject or imaged region, an ultrasonic
diagnostic apparatus comprises: an image producing section
3 for producing an image based on received data obtained
from one scan plane; a correlation value calculating section
6C for calculating a correlation value between images; a
low-MI scan control section 6L for repeatedly conducting a
scan with such a low MI value as not break contrast agent
until a correlation value between an initial image and a
current image becomes smaller than a threshold; and a
high-MI scan control section 6H for, when the correlation
value becomes smaller than the threshold, capturing one
image with such a high MR value as to break contrast agent

(51) Int. CL7 oo sssnsssssseses A61B 8/00 and returning control to the low-MI scan control section 6L.
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FIG. 2

START Contrast-Enhanced
3D Data Acquisition processing

Capture an image with a low Ml value,
and store it as an initial image

Wait for a predetermined time,
and capture an image with a low Mi value

~— 82

Calculate a correlation value between the
initial image and current image

~—83

yes

S$4
no<Correlation value smaller than a threshold? S

Capture an image with a high Ml value,
and store it as part of 3D data

85

AN

yes

END

S11
o/ Terminate acquisition? y/
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FIG. 3

Low MI value
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FIG. 5

1
X
Z I ,)
B
I
,’ ], High Ml value
y L___1
\ I
v
]
L
b
b
|
I
||
|
|
|
pt | | P1
N
N
T\
|

——

~

-

SN—
\



Patent Application Publication May 20, 2004 Sheet 6 of 20 US 2004/0097809 A1

FIG. 6
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FIG. 9

START Contrast-Enhanced
Q 3D Data Acquisition processing >
il
k=0 [—~80

Capture an image with a low MI value,
and store it as an initial image ~ St

Wait for a predetermined time,
and capture an image with a low Ml value [~ 52

Calculate a correlation value between the
initial image and current image 83

S4
no< Correction value smaller than a threshold? >~/
yes

Capture an image with a high Mi value,
and store it as part of 3D data 35

S6
k=k+1A—no@—ln_+??y/ n§1
/ yes

S7 Obtain an average or maximum of ime intervals at
which the images are captured with a high Ml value ~—38

-

Wait for the obtained average or maximum time,
and capture an image with a high Ml value 89

' $10
"0\/ Terminate acquisition? >’/

yes

END
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F I G . 1 0 START Contrast-Enhanced
3D Data Acquisition processing

k=0 [~—50

Capture an image with a low MI value,
and store it as an initial image 51

Wait for a predetermined time,
and capture an image witha low Mivalue [~ S2

Calculate a correlation value between the

initial image and current image ~—33
no S4
—< Correction value smaller than a threshold?y/
yes

Capture an image with a high Ml value,
and store it as part of 3D data 85

S6
/ yes

S7 Obtain an average or maximum of time intervals at
' which the images are captured with a high Ml value [~ S8

q=1 \/‘\Sg

Wait for the obtained average or maximum time,
and capture an image with a high Mivalue [~ S10

L S11
S13 < Terminate acquisition? \/<_Jyes
no
/ 12
q=q+1 W END

yes  m=1
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FIG. 12 CSTART Contrast-Enhanced
3

D Data Acquisition processing
|

|

k

0 50

Capture an image with a low Ml value,
and store it as an initial image ~—S1

Capture an image of a scan plane at a '
predetermined distance with a low Ml value [~ 52

Calculate a correlation value between the

initial image and current image 83
no S4
—<Correlation value smaller than a threshold?>‘/
yes

Capture an image with a high Ml value,
and store it as part of 3D data 385

S6

/ yes

S7 Obtain an average or maximum of scan plane distances at '
which the images are captured with a high Ml value ~—38

l .
q=1 ~—89

Capture an image with a high MI value upon movement '
by the obtained average or maximum distance ~—310

' S11
313 < Terminate acquisition? >\/yes
no
\ 0 S12
q=q+1 q=M? END
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FIG. 14

START Contrast-Enhanced
3D Data Acquisition processing

Capture an image with a low Ml value,
and store it as an initial image 31

-1

Capture an image of a scan plane ata ]
predetermined distance with a low Mi value [~ S2

Calculate a correlation value between the

initial image and current image 33
no S4
—<Corre|ation value smaller than a threshold?y/
yes

Capture an image with a high Ml value, |
and store it as part of 3D data 85

S11
no< Terminate acquisition? y/
yes

END
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FIG. 15

Low MI value
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FIG. 17

1 High Mi value
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FIG. 18
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FIG. 19
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ULTRASONIC DIAGNOSTIC APPARATUS
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, and more particularly to an ultrasonic
diagnostic apparatus that can acquire three-dimensional data
for a contrast-enhanced image at an appropriate scan plane
distance.

[0002] A conventional ultrasonic diagnostic apparatus
captures a contrast-enhanced image by alternately conduct-
ing 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).

[0003] Moreover, another conventional ultrasonic diag-
nostic apparatus acquires three-dimensional data by obtain-
ing 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).

[0004] Furthermore, still another conventional ultrasonic
diagnostic apparatus employs a sensor for detecting the
position of an ultrasonic probe during acquisition of three-
dimensional data (see Patent Document 3, for example).

[0005]

[0006] Japanese Patent Application Laid Open No.
2002-045360.

[0007]

[0008] Japanese Patent Application Laid Open No.
2000-325348.

[0009]

[0010] Japanese Patent Application Laid Open No.
2001-252268.

[Patent Document 1]

[Patent Document 2]

[Patent Document 3]

[0011] Ifthe conventional techniques are combined, three-
dimensional data for a contrast-enhanced image can be
acquired.

[0012] 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 con-
trast agent in the current scan plane is broken by a previous
scan, and good three-dimensional data for a contrast-en-
hanced image cannot be obtained. On the other hand, if the
distance between adjacent scan planes is too large in acquir-
ing three-dimensional data, the three-dimensional data den-
sity 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.

[0013] 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

[0014] Tt 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
appropriate scan plane distance.

May 20, 2004

[0015] In its first aspect, the present invention provides an
ultrasonic diagnostic apparatus characterized in comprising:
an ultrasonic probe; transmitting/receiving means for driv-
ing said ultrasonic probe to 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 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 thresh-
old; and imaging scan control means for, when the correla-
tion value becomes smaller than the threshold, 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.

[0016] In this configuration, the “initial image” is the first
image that is acquired after control has been passed to the
monitoring scan control means. That is, when control is
returned from the imaging scan control means to the moni-
toring scan control means, the initial image is the first image
that is acquired thereafter.

[0017] 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 correlation value between images becomes
smaller than the threshold, 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 appropriate scan plane distance even
for a different moving rate of the ultrasonic probe or for a
different subject or imaged region.

[0018] Moreover, the scan plane distance (ie., the three-
dimensional data density in a direction orthogonal to the
scan plane) can be adjusted by modifying the threshold.

[0019] Inits second aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned 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 conducts 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.

[0020] 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 cor-
relation value is not constantly needed, thereby simplifying
processing.

[0021] In its third aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
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tioned configuration, characterized in that: said imaging
scan control means returns control to said monitoring scan
control means after conducting image capture with an ultra-
sonic beam at such a level as to break contrast agent at said
time interval for M (21) times without returning control to
said monitoring scan control means.

[0022] 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 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.

[0023] In its fourth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned 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 conducts image capture; and after N (Z2) acquisi-
tions 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.

[0024] 1In the ultrasonic diagnostic apparatus of the fourth
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.

[0025] In its fifth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that: said imaging
scan control means returns control to said monitoring scan
control means after conducting image capture with an ultra-
sonic beam at such a level as to break contrast agent at the
average or maximum of said time interval for M (21) times
without returning control to said monitoring scan control
means.

[0026] In the 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 of acquisition of three-dimensional data.

[0027] In its sixth aspect, the present invention provides
an ultrasonic diagnostic apparatus characterized in compris-
ing: 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 repeatedly 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

May 20, 2004

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; imaging
scan control means for, when the correlation value becomes
smaller than the threshold, 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 distance acquisition means for acquiring
a scan plane distance at which said imaging scan control
means conducts image capture by said ultrasonic probe
position detecting means; wherein 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.

[0028] In this configuration, the “initial image” is the first
image that is acquired after control has been passed to the
monitoring scan control means. That is, when control is
returned from the imaging scan control means to the moni-
toring scan control means, the initial image is the first image
that is acquired thereafter.

[0029] 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 correlation value between images becomes
smaller than the threshold, 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 appropriate scan plane distance even
for a different moving rate of the ultrasonic probe or for a
different subject or imaged region.

[0030] 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 ultrasonic beam at such a level as to break contrast agent
at the acquired scan plane distance; and therefore, calcula-
tion of a correlation value is not constantly needed, thereby
simplifying processing.

[0031] Moreover, the scan plane distance (ie., the three-
dimensional data density in a direction orthogonal to the
scan plane) can be adjusted by modifying the threshold.

[0032] Initsseventh aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that: said imaging
scan control means returns control to said monitoring scan
control means after conducting image capture with an ultra-
sonic beam at such a level as to break contrast agent at said
scan plane distance for M (Z1) times without returning
control to said monitoring scan control means.

[0033] In the ultrasonic diagnostic apparatus of the sev-
enth aspect, the process goes back to processing for con-
ducting image capture with an ultrasonic beam at such a
level as not to break contrast agent and calculating a
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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.

[0034] In its eighth aspect, the present invention provides
an ultrasonic diagnostic apparatus characterized in compris-
ing: 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 repeatedly 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 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; imaging
scan control means for, when the correlation value becomes
smaller than the threshold, 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 distance acquisition means for acquiring
a scan plane distance at which said imaging scan control
means conducts image capture 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 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.

[0035] In this configuration, the “initial image™ is the first
image that is acquired after control has been passed to the
monitoring scan control means. That is, when control is
returned from the imaging scan control means to the moni-
toring scan control means, the initial image is the first image
that is acquired thereafter.

[0036] 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 correlation value between images becomes
smaller than the threshold, 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 appropriate scan plane distance even
for a different moving rate of the ultrasonic probe or for a
different subject or imaged region.

[0037] 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 ultrasonic 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.
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[0038] Furthermore, the scan plane distance (ie., the
three-dimensional data density in a direction orthogonal to
the scan plane) can be adjusted by modifying the threshold.

[0039] In its ninth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in that: said imaging
scan control means returns control to said monitoring scan
control means after conducting image capture with an ultra-
sonic 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.

[0040] 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 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.

[0041] In its tenth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned configuration, characterized in comprising: ultrasonic
probe moving means for moving said ultrasonic probe in a
direction orthogonal to a scan plane at a constant rate.

[0042] In the ultrasonic diagnostic apparatus of the tenth
aspect, the ultrasonic probe can be automatically moved in
a direction orthogonal to the scan plane. Thus, three-dimen-
sional data for a contrast-enhanced image can be acquired at
an appropriate scan plane distance while maintaining a
constant moving rate of the ultrasonic probe even for a
different subject or imaged region.

[0043] In its eleventh aspect, the present invention pro-
vides an ultrasonic diagnostic apparatus characterized in
comprising: a two-dimensional array ultrasonic probe; trans-
mitting/receiving means for driving said two-dimensional
array ultrasonic probe to sequentially repeat a scan of the
inside of a subject in a planar manner with an ultrasonic
beam and then a scan 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 imag-
ing scan control means for, when the correlation value
becomes smaller than the threshold, 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.

[0044] In this configuration, the “initial image” is the first
image that is acquired after control has been passed to the
monitoring scan control means. That is, when control is
returned from the imaging scan control means to the moni-
toring scan control means, the initial image is the first image
that is acquired thereafter.

[0045] In the ultrasonic diagnostic apparatus of the elev-
enth aspect, when image capture is repeated at a relatively
small distance between scan planes, a scan is conducted with
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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 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 appropriate
scan plane distance while maintaining a constant scan plane
distance even for a different subject or imaged region.

[0046] Moreover, the scan plane distance can be adjusted
by modifying the threshold. That is, the three-dimensional
data density in a direction orthogonal to the scan plane can
be adjusted.

[0047] Inits twelfth aspect, the present invention provides
the ultrasonic diagnostic apparatus having the aforemen-
tioned 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 conducts 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.

[0048] 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 simpli-
fying processing.

[0049] In its thirteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned configuration, characterized in that: said imaging
scan control means returns control to said monitoring scan
control means after conducting image capture with an ultra-
sonic beam at such a level as to break contrast agent at said
scan plane distance for M (21) times without returning
control to said monitoring scan control means.

[0050] In the ultrasonic diagnostic apparatus of the thir-
teenth 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 of acquisition of three-dimensional
data.

[0051] In its fourteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned 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
(Z22) acquisitions of the scan plane distance, said imaging
scan control means conducts image capture with an ultra-
sonic beam at such a level as to break contrast agent at an
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average or maximum of said scan plane distance without
returning control to said monitoring scan control means.

[0052] 1In the ultrasonic diagnostic apparatus of the four-
teenth 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.

[0053] In its fifteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned configuration, characterized in that: said imaging
scan control means returns control to said monitoring scan
control means after conducting image capture with an ultra-
sonic beam at such a level as to break contrast agent at the
average or maximum of said scan plane distance for M (Z1)
times without returning control to said monitoring scan
control means.

[0054] In the ultrasonic diagnostic apparatus of the fif-
teenth 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, the time interval may be properly corrected in the
course of acquisition of three-dimensional data.

[0055] In its sixteenth aspect, the present invention pro-
vides the ultrasonic diagnostic apparatus having the afore-
mentioned configuration, characterized in that: said moni-
toring scan control means and said imaging scan control
means conduct a B-mode scan.

[0056] In the ultrasonic diagnostic apparatus of the six-
teenth aspect, three-dimensional data for a B-mode contrast-
enhanced image can be acquired at an appropriate scan plane
distance.

[0057] In its 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 Doppler imaging), harmonic
imaging, or contrast application scan.

[0058] In the ultrasonic diagnostic apparatus of the sev-
enteenth aspect, three-dimensional data for a contrast-en-
hanced image by a CFM, PDI, harmonic imaging such as
phase inversion or contrast application can be acquired at an
appropriate scan plane distance.

[0059] According to the ultrasonic diagnostic apparatus of
the present invention, three-dimensional data for a contrast-
enhanced 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 preferred
embodiments of the invention as illustrated in the accom-
panying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0060] FIG. 1 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a First
Embodiment.

[0061] FIG. 2 is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus in accordance with the First
Embodiment.

[0062] FIG. 3 is an explanatory diagram showing the
position of a scan plane corresponding an initial image.

[0063] FIG. 4 is an explanatory diagram showing the
position of scan planes corresponding the initial image and
a current image.

[0064] FIG. 5 is an explanatory diagram showing the
position of a scan plane scanned with a high MI value.

[0065] FIG. 6 is an explanatory diagram showing the
position of a scan plane corresponding a new initial image.

[0066] FIG. 7 is an explanatory diagram showing the
distance for scan planes scanned with a high MI value.

[0067] FIG. 8 is a conceptual diagram showing contrast-
enhanced three-dimensional data.

[0068] FIG. 9 is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus in accordance with a Second
Embodiment.

[0069] FIG. 10 is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus in accordance with a Third
Embodiment.

[0070] FIG. 11 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a Fourth
Embodiment.

[0071] FIG. 12 is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus in accordance with the Fourth
Embodiment.

[0072] FIG. 13 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a Fifth
Embodiment.

[0073] FIG. 14is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus in accordance with the Fifth
Embodiment.

[0074] FIG. 15 is an explanatory diagram showing the
position of a scan plane corresponding an initial image.

[0075] FIG. 16 is an explanatory diagram showing the
position of scan planes corresponding the initial image and
a current image.

[0076] FIG. 17 is an explanatory diagram showing the
position of a scan plane scanned with a high MI value.

[0077] FIG. 18 is an explanatory diagram showing the
position of a scan plane corresponding a new initial image.

[0078] FIG. 19 is an explanatory diagram showing a
distance for scan planes scanned with a high MI value.
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[0079] FIG. 20 is a conceptual diagram showing contrast-
enhanced three-dimensional data.

DETAILED DESCRIPTION OF THE
INVENTION

[0080] The present invention will now be described in
more detail with reference to embodiments shown in the
accompanying drawings.

[0081]

[0082] FIG. 1 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a First
Embodiment.

[0083] The ultrasonic diagnostic apparatus 100 comprises
an ultrasonic probe 1, a transmitting/receiving section 2 for
driving 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.

[0084] The control section 6 includes a low-MI scan
control section 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.

[0085] The MI value is a negative maximum peak sound
pressure on an acoustic axis normalized by a reference
sound pressure 1 Mpa.

[0086] FIG. 2 is a flow chart showing a first example of
contrast-enhanced three-dimensional data acquisition pro-
cessing by the ultrasonic diagnostic apparatus 100.

[0087] The operator injects contrast agent into a subject,
puts the ultrasonic probe 1 against the subject, activates the
contrast-enhanced three-dimensional data acquisition pro-
cessing, and then, slowly moves the ultrasonic probe 1 in a
direction (z-direction) orthogonal to its scan plane (x-y
plane).

[0088] At Step S1, the low-MI scan control section 6L
conducts a B-mode scan with such a low MI value as not to
break contrast agent, the image producing section 3 pro-
duces a B-mode image, and the data storage section 5 stores
the B-mode image as an initial image.

[0089] FIG. 3 shows the position of a scan plane pl
corresponding to the initial image.

[0090] At Step S2, the low-MI scan control section 6L
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 3§ stores the B-mode image as a
current image.

[0091] At Step S3, the correlation calculating section 6C
calculates a correlation value between the initial image and
current image.

First Embodiment
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[0092] 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.

[0093] As shown in FIG. 4(a), when the position of the
scan plane pl 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.

[0094] As shown in FIG. 4(b), when the position of the
scan plane pl corresponding to the initial image and that of
a scan plane pl corresponding to the current image are
properly separated, the correlation value is smaller than the
threshold, and the process goes to Step S5.

[0095] At Step S5, the high-MI scan control section 6H
conducts a B-mode, CFM or PDI scan with such a high MI
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.

[0096] FIG. 5 shows the position of a scan plane pl
scanned with a high MI value.

[0097] At Step S11, if a command to terminate acquisition
is not issued, the control section 6 instructs 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.

[0098] FIG. 6 shows the position of a scan plane pl
corresponding a new initial image after going back to Step
S1.

[0099] As a result 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.

[0100] Thus, the data storage section 5 can suitably
acquire conirast-enhanced three-dimensional data TD as
shown in FIG. 8.

[0101] 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.

[0102]

[0103] FIG. 9 is a flow chart showing a second example
of contrast-enhanced three-dimensional data acquisition
processing by the ultrasonic diagnostic apparatus 100.

Second Embodiment

[0104] The number of repetitions n (Z1) used in this
processing is specified beforehand by the operator.

[0105] At Step SO, the control section 6 initializes a
repetition counter k=0.

[0106] Steps S1-S5 are similar to those described in the
First Embodiment.

[0107] At Step S6, the control section 6 goes to Step S7 if
kZn+1 does not hold, and to Step S8 if kZn+1 holds.
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[0108] At Step S7, the control section 6 increments the
repetition counter k. The process then goes back to Step S1.

[0109] At Step S8, the control section 6 obtains an average
(or maximum) of time intervals at which images are cap-
tured 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 maximum).

[0110] 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.

[0111] 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.

[0112] As a result of the process, contrast-enhanced three-
dimensional data can be suitably acquired even for a differ-
ent moving rate of the ultrasonic probe 1 or for a different
subject or imaged region because a high-MI scan is con-
ducted at an appropriate scan plane distance. Moreover,
since the correlation calculation is conducted only for first n
times, processing load is mitigated.

[0113] Third Embodiment

[0114] FIG. 10is a flow chart showing a third example of
contrast-enhanced three-dimensional data acquisition pro-
cessing by the ultrasonic diagnostic apparatus 100.

[0115] The numbers of repetitions n (Z1) and M (21)
used in this processing are specified beforchand by the
operator.

[0116] Steps S0-S8 are similar to those described in the
Second Embodiment.

[0117] At Step S9, the control section 6 initializes a
repetition counter g=1.

[0118] 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.

[0119] 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.

[0120] At Step S12, the control section 6 goes to Step S13
if =M does not hold, and goes back to Step SO if =M
holds.

[0121] At Step S13, the control section 6 increments the
repetition counter q. The process then goes back to Step S10.

[0122] As aresult of the process, contrast-enhanced three-
dimensional data can be suitably acquired even for a differ-
ent moving rate of the ultrasonic probe 1 or for a different
subject or imaged region because a high-MI scan is con-
ducted at an appropriate scan plane distance. Moreover,
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since the correlation calculation is not conducted while M
scans are conducted with a high MI value, processing load
is mitigated. Furthermore, the process goes back to process-
ing for conducting image capture with a low MI value and
calculating a correlation value after the M scans with a high
MI value, and therefore, the time interval may be properly
corrected in the course of acquisition of three-dimensional
data.

[0123]

[0124] FIG. 11 is a configuration diagram showing an
ultrasonic diagnostic apparatus in accordance with a Fourth
Embodiment.

[0125] The ultrasonic diagnostic apparatus 400 is basi-
cally 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.

[0126] FIG. 12 is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus 400.

[0127] At Step SO, the control section 6 initializes a
repetition counter k=0.

[0128] 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.

[0129] FIG. 3 shows the position of a scan plane pl
corresponding to the initials image.

[0130] At Step S2!, the low-MI scan control section 6L
waits for the position sensor § 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 B-mode image, and the data storage
section 5 stores the B-mode image as a current image.

[0131] At Step S3, the correlation calculating section 6C
calculates a correlation value between the initial image and
current image.

[0132] 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.

[0133] At Step S5, 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-dimensional data.

[0134] At Step S6, the control section 6 goes to Step S7 if
kZn+1 does not hold, and to Step S8 if k=Zn+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 captured with a high MI
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

Fourth Embodiment
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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.

[0135] 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.

[0136] At Step S12, the control section 6 goes to Step S13
if q=M does not hold, and goes back to Step SO if =M
holds.

[0137] At Step S13, the control section 6 increments the
repetition counter q. The process then goes back to Step
S10'.

[0138] As aresult of the process, contrast-enhanced three-
dimensional data can be suitably acquired even for a differ-
ent moving rate of the ultrasonic probe 1 or for a different
subject or imaged region because a high-MI scan is con-
ducted at an appropriate scan plane distance.

[0139] Although FIG. 12 is depicted corresponding to
FIG. 10, it can be easily modified to correspond to FIG. 2

or 9.
[0140] Fifth Embodiment
[0141] FIG. 13 is a configuration diagram showing an

ultrasonic diagnostic apparatus in accordance with a Fifth
Embodiment.

[0142] The ultrasonic diagnostic apparatus 500 is basi-
cally the same as the ultrasonic diagnostic apparatus 100 in
accordance with the First Embodiment except that it com-
prises 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.

[0143] FIG. 14 is a flow chart showing contrast-enhanced
three-dimensional data acquisition processing by the ultra-
sonic diagnostic apparatus 500.

[0144] The operator injects contrast agent into a subject,
puts the ultrasonic probe 10 against the subject, activates the
contrast-enhanced three-dimensional data acquisition pro-
cessing, and then, electronically moves a scan plane (x-y
plane) of the ultrasonic probe 10 in an orthogonal direction
(z-direction) at a predetermined angular distance.

[0145] 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 § stores the B-mode image as an initial
image.

[0146] FIG. 15 shows the position of a scan plane pl
corresponding to the initial image.

[0147] At Step S2", the low-MI scan control section 6L
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 pro-
duces a B-mode image, and the data storage section 5 stores
the B-mode image as a current image.
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[0148] At Step S3, the correlation calculating section 6C
calculates a correlation value between the initial image and
current image.

[0149] 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.

[0150] As shown in FIG. 16(a), when the position of the
scan plane pl 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".

[0151] As shown in FIG. 16(b), when the position of the
scan plane pl corresponding to the initial image and that of
a scan plane pl corresponding to the current image are
properly separated, the correlation value is smaller than the
threshold, and the process goes to Step SS.

[0152] At Step S5, 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-dimensional data.

[0153] FIG. 17 shows the position of a scan plane pl
scanned with a high MI value.

[0154] 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.

[0155] FIG. 18 shows the position of a scan plane pl
corresponding a new initial image after going back to Step
S1.

[0156] As a result 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.

[0157] Thus, the data storage section 5 can suitably
acquire contrast-enhanced three-dimensional data TD as
shown in FIG. 20.

[0158] 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.

[0159] Although FIG. 14 is depicted corresponding to
FIG. 2, it can be easily modified to correspond to FIG. 9, 10
or 12.

[0160]

[0161] 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.

[0162] Many widely different embodiments of the inven-
tion may be configured without departing from the spirit and
the scope of the present invention. It should be understood

Another Embodiment
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that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

1. An ultrasonic diagnostic apparatus comprising:
an ultrasonic probe;

a transmitting/receiving device for driving said ultrasonic
probe to scan the inside of a subject in a planar manner
with an ultrasonic beam;

an image producing device for producing an image based
on received data obtained from one scan plane;

a correlation value calculating device for calculating a
correlation value between images;

a monitoring scan control device for repeatedly conduct-
ing 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

an imaging scan control device for, when the correlation
value becomes smaller than the threshold, capturing
one image with an ultrasonic beam at such a level as to
break contrast agent and returning control to said
monitoring scan control device.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the apparatus comprises imaging scan time interval acqui-
sition device for acquiring a time interval at which said
imaging scan control device conducts image capture, and
after one acquisition of the time interval, said imaging scan
control device 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 device.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
said imaging scan control device returns control to said
monitoring scan control device after conducting image cap-
ture with an ultrasonic beam at such a level as to break
contrast agent at said time interval for M (21) times without
returning control to said monitoring scan control device.

4. The ultrasonic diagnostic apparatus of claim 1, wherein
the apparatus comprises imaging scan time interval acqui-
sition device for acquiring a time interval at which said
imaging scan control device conducts image capture, and
after N (22) acquisitions of the time interval, said imaging
scan control device conducts image capture with an ultra-
sonic 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 device.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
said imaging scan control device returns control to said
monitoring scan control device after conducting image cap-
ture 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 device.

6. An ultrasonic diagnostic apparatus comprising;
an ultrasonic probe;

an ultrasonic probe position detecting device for detecting
a position of said ultrasonic probe;
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a transmitting/receiving device for driving said ultrasonic
probe to repeatedly scan the inside of a subject in a
planar manner with an ultrasonic beam;

an image producing device for producing an image based
on received data obtained from one scan plane;

a correlation value calculating device for calculating a
correlation value between images;

a monitoring scan control device for repeatedly conduct-
ing 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;

an imaging scan control device for, when the correlation
value becomes smaller than the threshold, capturing
one image with an ultrasonic beam at such a level as to
break contrast agent and returning control to said
monitoring scan control device; and

an imaging scan plane distance acquisition device for
acquiring a scan plane distance at which said imaging
scan control device conducts image capture by said
ultrasonic probe position detecting device;

wherein after one acquisition of a scan plane distance,
said imaging scan control device conducts image cap-
ture 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
device.

7. The ultrasonic diagnostic apparatus of claim 6, wherein
said imaging scan control device returns control to said
monitoring scan control device after conducting image cap-
ture with an ultrasonic beam at such a level as to break
contrast agent at said scan plane distance for M (21) times
without returning control to said monitoring scan control
device.

8. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe;

an ultrasonic probe position detecting device for detecting
a position of said ultrasonic probe;

a transmitting/receiving device for driving said ultrasonic
probe to repeatedly scan the inside of a subject in a
planar manner with an ultrasonic beam;

an image producing device for producing an image based
on received data obtained from one scan plane;
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a correlation value calculating device for calculating a
correlation value between images;

a monitoring scan control device for repeatedly conduct-
ing 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;

an imaging scan control device for, when the correlation
value becomes smaller than the threshold, capturing
one image with an ultrasonic beam at such a level as to
break contrast agent and returning control to said
monitoring scan control device; and

an imaging scan plane distance acquisition device for
acquiring a scan plane distance at which said imaging
scan control device conducts image capture by said
ultrasonic probe position detecting device;

wherein after N (22) acquisitions of the scan plane
distance, said imaging scan control device 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 device.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
said imaging scan control device returns control to said
monitoring scan control device after conducting image cap-
ture 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 (21) times without returning control to said
monitoring scan control device.

10. The ultrasonic diagnostic apparatus of any one of
claims 1, 6 and 8, further comprising: ultrasonic probe
moving device for moving said ultrasonic probe in a direc-
tion orthogonal to a scan plane at a constant rate.

11. The ultrasonic diagnostic apparatus of any one of
claims 1, 6 and 8, wherein said monitoring scan control
device and said imaging scan control device conduct a
B-mode scan.

12, The ultrasonic diagnostic apparatus of any one of
claims 1, 6 and 8, wherein said monitoring scan control
device conducts a B-mode scan, and said imaging scan
control device conducts a CFM, PDI, harmonic imaging, or
contrast application scan.
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