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(57) ABSTRACT

A measurement data processing device measures a size of a
diagnostic region from a tomographic image as two-dimen-
sional information. An ROI width determining device deter-
mines a size of a region of interest based on the size (lateral
width and longitudinal width) of the diagnostic region. An
oscillation angle determining device determines a range of
an angle for oscillating ultrasonic transducers based on the
size. An oscillation rate determining device determines a rate
for oscillating the ultrasonic transducers based on informa-
tion indicating the oscillation angle and image quality. In
order to acquire a three-dimensional image of the diagnostic
region, the probe oscillation control device controls the
oscillation of the ultrasonic transducers based on the infor-
mation. A three-dimensional image processing device
extracts a three-dimensional image of in the determined
region of interest from the acquired three-dimensional
image. A display device displays the extracted three-dimen-
sional image. Then, the three-dimensional image based on
the shape of the diagnostic region is acquired.
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ULTRASONIC DIAGNOSTIC APPARATUS AND
ULTRASONIC IMAGE ACQUIRING METHOD

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus capable of acquiring a three-dimensional
image, and more particularly to an ultrasonic diagnostic
apparatus for extracting a three-dimensional image of a
region of interest.

[0003] 2. Description of the Related Art

[0004] An image diagnostic apparatus such as an X-ray
diagnostic apparatus, an X-ray CT apparatus, an MRI appa-
ratus, or an ultrasonic diagnostic apparatus is used as an
apparatus for taking an image of an internal portion of an
object to be examined. Of the image diagnostic apparatuses
described above, the ultrasonic diagnostic apparatus has a
small size and is noninvasive. In addition, there is no X-ray
exposure to the object to be examined. Therefore, the
ultrasonic diagnostic apparatus is used for, for example, the
diagnosis of the development of an unborn baby.

1. Field of the Invention

[0005] As shown in a perspective view of FIG. 1A, an
ultrasonic probe provided to the ultrasonic diagnostic appa-
ratus includes ultrasonic transducers 21 which are one-
dimensionally arranged in a scanning direction (X-direc-
tion). Ultrasonic transmission and reception is performed
within an X-Z plane by electronic delay control to acquire a
tomographic image (two-dimensional image) of the object to
be examined. Here, the ultrasonic probe including the one-
dimensionally arranged ultrasonic transducers is referred to
as a “one-dimensional ultrasonic probe” for the sake of
convenience.

[0006] In recent years, an ultrasonic diagnostic apparatus
capable of performing not only the taking of a two-dimen-
sional tomographic image but also the taking and displaying
of a three-dimensional image has been put to practical use
and is using in the clinical field. In the ultrasonic diagnostic
apparatus, the one-dimensional ultrasonic probe including
an oscillation mechanism is mechanically moved to acquire
a plurality of tomographic images along a direction (oscil-
lation direction) orthogonal to the scanning direction. A
three-dimensional image is generated based on the acquired
tomographic images. For example, in the ultrasonic diag-
nostic apparatus, the one-dimensionally arranged ultrasonic
transducers 21 are mechanically oscillated in the direction
(Y-direction) orthogonal to the scanning direction (X-direc-
tion) to acquire a plurality of tomographic images along the
oscillation direction (Y-direction). A three-dimensional
image is generated based on the acquired tomographic
images. Hereinafter, a plane along the direction in which the
ultrasonic transducers 21 are arranged is referred to as a
“scanning plane”. The scanning plane is a plane parallel to
the scanning direction (X-direction).

[0007] As shown in FIG. 1B, development is being made
on an ultrasonic probe in which ultrasonic transducers are
two-dimensionally arranged to scan a three-dimensional
image taking region with an ultrasonic wave, thereby obtain-
ing a three-dimensional image. Here, the ultrasonic probe in
which the ultrasonic transducers are two-dimensionally
arranged is referred to as a “two-dimensional ultrasonic
probe” for the sake of convenience.
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[0008] In the ultrasonic diagnostic apparatus, ultrasonic
transmission and reception is performed on a diagnostic
region by using the ultrasonic probe capable of acquiring the
three-dimensional image as described above to acquire a
three-dimensional image of the diagnostic region. For
example, when a three-dimensional image of a head of an
unborn baby is to be acquired, a region of interest (ROI)
which includes the head of the unborn baby is set in order
to display an image of the entire head of the unborn baby.
The three-dimensional image in the set region of interest
(ROI) is displayed on the ultrasonic diagnostic apparatus.

[0009] Up to now, the region of interest (ROI) is set by an
operator. For example, before the three-dimensional image
is acquired by the ultrasonic diagnostic apparatus, the opera-
tor has determined setting conditions (parameters) such as
an angle range for oscillating the ultrasonic transducers, an
oscillation rate, and a size of the region of interest (ROI),
and inputted the setting conditions (parameters) to the
ultrasonic diagnostic apparatus. The ultrasonic diagnostic
apparatus has extracted image data included in the region of
interest (ROI) based on the inputted setting conditions (for
example, JP 2003-275204 A).

[0010] However, because the operator has determined the
setting conditions (parameters) as to the region of interest
(ROI), there have been the following problems. When the
angle for oscillating the ultrasonic transducers is insufficient
in some setting contents, an image of an entire desirable
diagnostic region could not be acquired. When the oscilla-
tion rate is too high, an image acquired has become rougher,
so that a preferable image has not been obtained. When a
width of the region of interest (ROI) is too large, unneces-
sary data has been acquired to leave an unnecessary image
of a region located before the desirable diagnostic region,
with the result that the image of the entire diagnostic region
has not displayed. For example, when a three-dimensional
image of an unborn baby is to be acquired, the three-
dimensional image of the entire face of the unborn baby
could not be obtained, or an unnecessary image of a region
located before the face of the unborn baby is left, so that the
image of the entire face has not been displayed.

[0011] As described above, it is difficult for even a skilled
operator to extract the three-dimensional image of the region
of interest (ROI) by the ultrasonic diagnostic apparatus and
display the extracted three-dimensional image thereon.
When the image of the entire desirable diagnostic region
cannot be preferably displayed, until it is preferably dis-
played, it is necessary to input the setting conditions includ-
ing the oscillation angle range to the ultrasonic diagnostic
apparatus many times by the operator to set the region of
interest (ROI), thereby performing the image taking many
times. Therefore, there has been a problem in that a time
required for examination performed by the ultrasonic diag-
nostic apparatus becomes longer.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide an
ultrasonic diagnostic apparatus capable of automatically
determining setting conditions of a region of interest (ROI)
for extracting a three-dimensional image based on informa-
tion as to an object to be examined to omit an input operation
of the setting conditions which is performed by an operator,
thereby reducing a frequency of resetting. Therefore, an
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object of the present invention is to provide an ultrasonic
diagnostic apparatus capable of reducing an examination
time to reduce burdens on a patient and the operator.

[0013] According to a first aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus, includ-
ing: a condition determining device for determining a three-
dimensional image taking region set with an ultrasonic wave
in an object to be examined based on information of the
object to be examined; and a scanning device for scanning
the object to be examined with the ultrasonic wave in the
determined three-dimensional image taking region to
acquire a three-dimensional ultrasonic image.

[0014] According to the first aspect, the three-dimensional
image taking region is determined based on the information
of the object to be examined, so that it is possible to extract
the three-dimensional ultrasonic image in a region suitable
for the object to be examined. Therefore, an input operation
of setting conditions which is performed by the operator can
be omitted and the frequency of the resetting which is
performed by the operator can be reduced. As a result, an
examination time in the case where the ultrasonic diagnostic
apparatus is used can be shortened to reduce burdens on a
patient and the operator.

[0015] Further, according to a second aspect of the present
invention, the scanning device includes a plurality of ultra-
sonic transducers arranged in a predetermined direction, and
the three-dimensional ultrasonic image is acquired by scan-
ning the object to be examined with the ultrasonic wave in
the three-dimensional image taking region while the ultra-
sonic transducers are oscillated in a direction orthogonal to
a scanning plane corresponding to the predetermined direc-
tion. The condition determining device determines a size of
a region of interest on the scanning plane an angle range for
oscillating the ultrasonic transducers based on the informa-
tion of the object to be examined. The scanning device
acquires the three-dimensional ultrasonic image by scanning
the object to be examined while the ultrasonic transducers
are oscillated based on the determination.

[0016] According to the second aspect, the size of the
region of interest and the angle range for oscillating the
ultrasonic transducers are determined based on the informa-
tion of the object to be examined, so that it is possible to
extract the three-dimensional ultrasonic image in a region
suitable for the size of the object to be examined. Therefore,
the input operation of setting conditions which is performed
by the operator can be omitted and the frequency of the
resetting which is performed by the operator can be reduced.

[0017] Further, according to a third aspect of the present
invention, the object to be examined includes a mother and
an unborn baby. The condition determining device deter-
mines the size of the region of interest on the scanning plane
based on a two-dimensional ultrasonic image including the
mother and the unborn baby, which is acquired in advance
by scanning the mother. The condition determining device
determines the size of the region of interest and the angle
range for oscillating the ultrasonic wave based on, for
example, unborn development information obtained from
the two-dimensional ultrasonic image including the mother
and the unborn baby, the shape of the head of the unborn
baby, or the size of the head of the unborn baby.

[0018] According to the third aspect, the size of the region
of interest and the angle range for oscillating the ultrasonic
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transducers are determined based on information obtained
from the two-dimensional ultrasonic image including the
mother and the unborn baby which is acquired in advance,
so that it is possible to extract the three-dimensional ultra-
sonic image in a region suitable for the size of the unborn
baby. Therefore, the input operation of setting conditions
which is performed by the operator can be omitted and the
frequency of the resetting which is performed by the opera-
tor can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

[0020] FIG. 1A is a perspective view showing a schematic
structure of a conventional one-dimensional ultrasonic
probe, and FIG. 1B is a plan view showing two-dimension-
ally arranged conventional ultrasonic transducers;

[0021] FIG. 2A is an explanatory view for an operation of
the one-dimensional ultrasonic probe, which is a perspective
view showing conventional ultrasonic transducers, and FIG.
2B is an explanatory view for the operation of the conven-
tional one-dimensional ultrasonic probe, which is a side
view showing the ultrasonic transducers;

In the accompanying drawings:

[0022] FIG. 3 is a block diagram showing a schematic
structure of an ultrasonic diagnostic apparatus;

[0023] FIG. 4 is a flow chart for explaining a series of
operations of the ultrasonic diagnostic apparatus;

[0024] FIG. 5A shows an example of a tomographic
image including a mother and an unborn baby which is
displayed on a monitor screen, which shows a tomographic
image of a head of the unborn baby on a scanning plane (X-Z
plane), and FIG. 5B shows a region of interest (ROI);

[0025] FIG. 6 is an explanatory view for an operation for
obtaining an angle for oscillating the ultrasonic transducers,
which is a side view showing the ultrasonic transducers;

[0026] FIG. 7A is an explanatory view for an operation
for obtaining a size of the region of interest (ROI) which is
associated with the angle for oscillating the ultrasonic trans-
ducers, which is a side view showing the ultrasonic trans-
ducers, and FIG. 7B is a schematic explanatory view for the
operation for obtaining the size of the region of interest
(ROI) which is associated with the angle for oscillating the
ultrasonic transducers;

[0027] FIG. 8 is a table for obtaining a rate for oscillating
the ultrasonic transducers;

[0028] FIG. 9A is an explanatory view for an operation
for obtaining a center position of the region of interest
(ROI), which shows a tomographic image of the head of the
unborn baby on the scanning plane (X-Z plane) and FIG. 9B
shows the region of interest (ROI); and

[0029] FIG. 10 shows an example of a tomographic image
of a tumor which is displayed on the monitor screen, which
shows the tomographic image of the tumor on the scanning
plane (X-Z plane).

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] Hereinafter, an ultrasonic diagnostic apparatus and
an ultrasonic image acquiring method according to an
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embodiment of the present invention will be described with
reference to FIGS. 1A and 1B to 10.

(Structure)

[0031] The ultrasonic diagnostic apparatus according to
the embodiment of the present invention and an ultrasonic
probe used therein will be described with reference to FIGS.
1A and 1B to 3.

[0032] As shown in FIG. 3, an ultrasonic diagnostic
apparatus 1 according to this embodiment includes an ultra-
sonic probe 2, a transmission and receiving device 3, a signal
processing device 4, a display device S, a control device 6,
an operation device 7, a probe oscillation control device 8,
a three-dimensional image processing device 9, a measure-
ment data processing device 10, and a patient data process-
ing device 11.

[0033] The ultrasonic probe 2 to be used is the one-
dimensional ultrasonic probe as shown in FIG. 1A or the
two-dimensional ultrasonic probe as shown in FIG. 1B. The
ultrasonic probe 2 is connected with a main body of the
ultrasonic diagnostic apparatus 1 through a cable 22. In the
one-dimensional ultrasonic probe as shown in FIG. 1A,
ultrasonic transducers 21 are one-dimensionally arranged in
a scanning direction (X-direction). A motor (not shown) is
provided for the ultrasonic probe 2. In the ultrasonic diag-
nostic apparatus 1, the ultrasonic transducers 21 are oscil-
lated in an oscillation direction (Y-direction) by the motor to
acquire a plurality of tomographic images along the oscil-
lation direction (Y-direction). The ultrasonic diagnostic
apparatus 1 generates a three-dimensional image based on
the acquired tomographic images. For example, as shown in
FIGS. 2A and 2B, in the ultrasonic diagnostic apparatus 1,
the ultrasonic transducers 21 which is one-dimensionally
arranged are mechanically oscillated about an oscillation
center point 21a in the direction (Y-direction) orthogonal to
the scanning direction (X-direction). Therefore, while the
ultrasonic transducers 21 are oscillated in a direction
orthogonal to a scanning plane 23, the ultrasonic transmis-
sion and reception are performed. As shown in FIG. 2B,
assume that an angle formed between the scanning plane 23
and the z-direction is expressed as an oscillation angle 6 and
a rate for oscillating the ultrasonic transducers 21 in the
oscillation direction (Y-direction) is referred to as an oscil-
lation rate.

[0034] When the ultrasonic probe 2 to be used is a
two-dimensional ultrasonic probe in which ultrasonic trans-
ducers are arranged in a grid shape, the scanning plane 23 is
electronically oscillated to acquire a three-dimensional
image in the ultrasonic diagnostic apparatus 1.

[0035] The transmission and receiving device 3 includes a
transmission unit and a receiving unit. The transmission and
receiving device 3 supplies an electrical signal to the ultra-
sonic probe 2 to generate an ultrasound wave and receives
an echo signal received by the ultrasonic probe 2.

[0036] The transmission unit of the transmission and
receiving device 3 includes a clock generating circuit, a
transmission delay circuit, and a pulser circuit. The clock
generating circuit generates a clock signal for determining a
transmission timing of an ultrasonic signal and a transmis-
sion frequency thereof. The transmission delay circuit per-
forms transmission focusing with delay at the time of
ultrasonic transmission. The pulser circuit has pulsers pro-
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vided for separate paths (channels) corresponding to the
number of the ultrasonic transducers. The pulser circuit
generates drive pulses at delayed transmission timings and
supplies the generated drive pulses to the respective ultra-
sonic transducers of the ultrasonic probe 2.

[0037] The receiving unit of the transmission and receiv-
ing device 3 includes a preamplifier, an A/D converter, and
a reception delay and adding circuit. The preamplifier ampli-
fies an echo signal outputted from each of the ultrasonic
transducers of the ultrasonic probe 2 for each receiving
channel. The A/D converter performs A/D conversion on the
amplified echo signal. The reception delay and adding
circuit delays the echo signals obtained after the A/D con-
version with delay times necessary to determine receiving
directivity and adds the delayed echo signals to one another.
A reflection component from a direction corresponding to
the receiving directivity is enhanced by the addition. A
signal obtained by the addition in transmission and receiving
device 3 is referred to as “RF data (raw data)”.

[0038] The signal processing device 4 performs echo
amplitude information visualization based on the RF data
outputted from the transmission and receiving device 3 to
generate B-mode ultrasonic raster data from the echo sig-
nals. More specifically, the signal processing device 4 per-
forms band-pass filtering on the RF data. After that, the
signal processing device 4 detects envelope curve data of an
output signal obtained by the band-pass filtering and per-
forms compression such as logarithmic conversion on the
detected envelope curve data. Therefore, data whose signal
strength is expressed by the intensity of brightness is gen-
erated. The signal processing device 4 further performs
processing such as edge enhancement in some cases.

[0039] The signal processing device 4 converts the
B-mode ultrasonic raster data which is expressed by a train
of scanning line signals and obtained by the signal process-
ing into coordinate system data based on spatial information
(scanning conversion processing). In other words, in order to
be able to display a train of signals which is obtained in
synchronization with ultrasonic scanning on the display
device S of a television scanning system, scanning system
conversion is performed by reading the train of signals in
synchronization with normal television scanning. Therefore,
tomographic image data which is two-dimensional informa-
tion, that is, so-called B-mode image data is generated. The
tomographic image data is outputted to each of the display
device 5 and the three-dimensional image processing device
9 and displayed as a two-dimensional tomographic image on
a monitor screen of the display device 5.

[0040] The control device 6 is composed of a CPU and
connected with each of the devices included in the ultrasonic
diagnostic apparatus 1 to control the devices. The control
device 6 includes a ROI width determining device 61, an
oscillation angle determining device 62, an oscillation rate
determining device 63, and a ROI position determining
device 64. Note that the ROI width determining device 61,
the oscillation angle determining device 62, the oscillation
rate determining device 63, and the ROI position determin-
ing device 64 are corresponded to a condition determining
device.

[0041] The ROI width determining device 61 determines
a size of the region of interest (ROI) on the tomographic
image (scanning plane 23) based on the tomographic image
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data (two-dimensional information) generated by the signal
processing device 4 and one of unborn baby development
information or unborn baby age information. For example,
the ROI width determining device 61 determines a longitu-
dinal width of the region of interest (ROI) and a lateral width
thereof. The unborn baby development information corre-
sponds to information indicating a size of the head of the
unborn baby. The unborn baby age information corresponds
to information indicating how the unborn baby is growing.

[0042] The oscillation angle determining device 62 deter-
mines a range of the oscillation angle 6 for oscillating the
ultrasonic transducers 21 based on the tomographic image
data (two-dimensional information) generated by the signal
processing device 4, one of the unborn baby development
information or the unborn baby age information, and the size
of the region of interest (ROI).

[0043] The oscillation rate determining device 63 deter-
mines the oscillation rate for oscillating the ultrasonic trans-
ducers 21 based on the range of the oscillation angle 6 for
oscillating the ultrasonic transducers 21 and information
indicating image quality which is inputted from the opera-
tion device 7. The information indicating image quality
corresponds to information which is determined by the
operator and inputted from the operation device 7. A table in
which the range of the oscillation angle, the information
indicating image quality, and the oscillation rate are asso-
ciated with one another is stored in advance in a memory
device (not shown) provided in the ultrasonic diagnostic
apparatus 1. The oscillation rate determining device 63
determines the oscillation rate with reference to the table.

[0044] The ROI position determining device 64 deter-
mines a position of the region of interest (ROI). The
processing content of the ROI position determining device
64 will be described in detail later.

[0045] The operation device 7 is composed of a keyboard,
a mouse, a trackball, or a touch command screen (TCS). The
operation device 7 is connected with the control device 6.
The setting conditions (setting parameters) of the region of
interest (ROI) and commands for the ultrasonic diagnostic
apparatus 1 are inputted from the operation device 7 to the
control device 6 by the operator.

[0046] The probe oscillation control device 8 controls the
oscillation angle of the ultrasonic probe 2 and the oscillation
rate thereof based on the information of the oscillation angle
0 and the information of the oscillation rate which are
received from the control device 6. For example, when the
ultrasonic probe 2 to be used is a one-dimensional ultrasonic
probe, the probe oscillation control device 8 drives the motor
(not shown) provided in the ultrasonic probe 2 to oscillate
the ultrasonic transducers 21. At this time, the ultrasonic
transducers 21 are oscillated by the probe oscillation control
device 8 in the range of the oscillation angle outputted from
the control device 6 at the oscillation rate outputted from the
control device 6.

[0047] The three-dimensional image processing device 9
generates the three-dimensional image data included in the
region of interest (ROI) based on the tomographic image
data (two-dimensional information) generated by the signal
processing device 4 and the information indicating the size
of the region of interest (ROI) which is determined by the
ROI width determining device 61. For example, when
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generating the three-dimensional image data using the one-
dimensional ultrasonic probe, since a plurality of tomo-
graphic image data along the oscillation direction (Y-direc-
tion) are acquired due to the oscillation of the ultrasonic
transducers 21 by the control of the probe oscillation control
device 8. The plurality of tomographic image data are
outputted from the signal processing device 4 to the three-
dimensional image processing device 9. The three-dimen-
sional image processing device 9 reconstructs three-dimen-
sional image data from the plurality of tomographic image
data. At the time of reconstruction, the three-dimensional
image processing device 9 extracts the three-dimensional
image data included in the region of interest (ROI) which is
determined by the ROI width determining device 61. The
three-dimensional image data extracted from the three-
dimensional image processing device 9 is outputted to the
display device 5 and displayed on the monitor screen of the
display device 5.

[0048] The measurement data processing device 10
obtains the unborn baby development information from the
tomographic image data (two-dimensional information) dis-
played on the monitor screen of the display device 5. When
the tomographic image of the head of the unborn baby is
being displayed on the monitor screen, the measurement
data processing device 10 measures a size (including lon-
gitudinal width and lateral width) of the head of the unborn
baby. For example, the measurement data processing device
10 measures a biparietal diameter and the like. The biparietal
diameter is a diameter of a head portion having a longest
lateral width when the head of the unborn baby is viewed
from the above. Information indicating the size of the head
of the unborn baby which is measured by the measurement
data processing device 10 is outputted to each of the display
device 5 and the control device 6. The outputted information
is displayed on the monitor screen of the display device 5.
The outputted information is used to determine, for example,
the size of the region of interest (ROI) in the control device
6.

[0049] The patient data processing device 11 calculates an
unborn baby age based on patient information of a mother
which is inputted from the operation device 7 and outputs
the calculated unborn baby age information to each of the
display device 5 and the control device 6. The patient
information of the mother corresponds to, for example, the
last menstrual date of the mother. Therefore, the patient data
processing device 11 calculates the unborn baby age from
the last menstrual date. An unborn baby development state
is apparent from the unborn baby age, so the patient data
processing device 11 determines the size of the head of the
unborn baby from the unborn baby age information.

[0050] The memory device including a ROM and a RAM
(not shown) is provided in the ultrasonic diagnostic appa-
ratus 1. Various setting conditions for the ultrasonic diag-
nostic apparatus 1 and programs for controlling the ultra-
sonic diagnostic apparatus 1 are stored in the memory
device.

(Operation)

[0051] Next, a series of operations of the ultrasonic diag-
nostic apparatus 1 according to the embodiment of the
present invention will be described with reference to FIGS.
1A and 1B to 9. In this embodiment, a case where the
ultrasonic probe 2 to be used is the one-dimensional ultra-
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sonic probe and the ultrasonic transducers 21 are mechani-
cally oscillated by the ultrasonic diagnostic apparatus 1 to
acquire three-dimensional image data with respect to a
mother and an unborn baby will be described.

[0052] 1In order to generate the three-dimensional image of
the head of the unborn baby, the tomographic image data
with respect to the mother and the unborn baby is acquired
by the ultrasonic diagnostic apparatus 1. In other words,
before the region of interest (ROI) is set to generate the
three-dimensional image of the head of the unborn baby
which is included in the set region of interest (ROI), the
tomographic image data (two-dimensional information)
with respect to the mother and the unborn baby is acquired
by the ultrasonic diagnostic apparatus 1. For example, in the
ultrasonic diagnostic apparatus 1, an ultrasound wave is
transmitted from the ultrasonic probe 2 to the object to be
examined (mother) without the oscillation of the ultrasonic
transducers 21. Echo waves from the mother are received by
the ultrasonic probe 2. The tomographic image data (two-
dimensional information) with respect to the mother and the
unborn baby is generated based on the received echo waves
and displayed on the monitor screen of the display device 5
(Step S01).

[0053] Echo signals acquired by the ultrasonic probe 2 are
outputted to the transmission and receiving device 3. The
echo signals are amplified for respective receiving channels
by the receiving unit of the transmission and receiving
device 3 and are delayed with delay times necessary to
determine the receiving directivity. The delayed echo signals
are added to one another to generate the RF data. The RF
data is inputted to the signal processing device 4. The
B-mode ultrasonic raster data which is the two-dimensional
information is generated based on the RF data by the signal
processing device 4. The B-mode ultrasonic raster data
which is the two-dimensional information is converted into
data expressed by an orthogonal coordinate system by the
signal processing device 4, thereby generating the tomo-
graphic image data (B-mode image data) as the two-dimen-
sional information.

[0054] The tomographic image data as the two-dimen-
sional information, which is generated as described above, is
outputted to the display device 5 and displayed as the
tomographic image with respect to the mother and the
unborn baby on the monitor screen of the display device 5.
FIG. 5A shows an example of the tomographic image with
respect to the mother and the unborn, which is displayed on
the monitor screen of the display device 5. In order to simply
explain a feature of the ultrasonic diagnostic apparatus 1
according to this embodiment, only the tomographic image
of the head of the unborn baby is shown in FIG. 5A.

[0055] As shown in FIG. 5A, a tomographic image 24
with respect to the mother and the unborn, which is the
two-dimensional information, is displayed on the monitor
screen of the display device 5. A tomographic image 25 of
the head of the unborn baby is included in the tomographic
image 24. The tomographic image 25 of the head of the
unborn baby is a tomographic image on the scanning plane
23 (X-Z plane). To explain it easily in FIG. 5A, the head of
the unborn baby is indicated as an elliptical shape.

[0056] In order to determine the setting conditions of the
region of interest (ROI) before the acquisition of the three-
dimensional image data, the measurement data processing
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device 10 measures the development information of the
unborn baby, more specifically, the size of the head of the
unborn baby using the tomographic image of the head of the
unborn baby as shown in FIG. 5A (Step S02).

[0057] First, in order to measure the lateral width of the
head of the unborn baby (biparietal diameter), while the
operator observes the tomographic image 24 displayed on
the monitor screen of the display device 5, the operator
operates the operation device 7 to specify both ends of the
head. For example, as shown in FIG. 5A, the operator
operates the operation device 7 to specify end points S1 and
S2 in both ends of a head portion having a longest lateral
width. When the end points S1 and S2 are specified by the
operator, a length between the end point S1 and the end point
S2 is measured by the measurement data processing device
10. In this embodiment, a length of a diameter of the portion
having the longest lateral width, of the head (biparietal
diameter) is measured by the measurement data processing
device 10. Assume that the length of the diameter (biparietal
diameter) is a lateral width D1.

[0058] When the lateral width D1 is obtained, a diameter
of a portion having a longest longitudinal width (longitudi-
nal width D2), of the head is calculated by the measurement
data processing device 10. For example, because the head of
the unborn baby can be assumed to be an ellipsoid, the head
of the unborn baby is assumed to be an elliptical shape
having a predetermined elliptical ratio. Therefore, the lon-
gitudinal width D2 is calculated from the elliptical ratio and
the lateral width D1 by the measurement data processing
device 10. The elliptical ratio is stored in the memory device
(not shown), so the measurement data processing device 10
reads out the elliptical ratio from the memory device and
calculates the longitudinal width D2 from the elliptical ratio
and the lateral width D1. The following operation may be
performed as in a case where the lateral width D1 is
obtained. Points in both ends of a portion having a longest
longitudinal width, of the head are specified by the operator.
A length between the points is measured by the measure-
ment data processing device 10 to set the measured length as
the longitudinal width D2.

[0059] The following operation may be also performed. A
circumference of the head of the unborn baby is measured by
the measurement data processing device 10 without per-
forming direct measurement on the lateral width D1 of the
head of the unborn baby and the longitudinal width D2
thereof. The lateral width D1 and the longitudinal width D2
are calculated from the measured circumference by conver-
sion. Because there is a statistical relationship between the
circumference of the head and the lateral width D1 and the
longitudinal width D2 of the head, when the circumference
of the head is measured by the measurement data processing
device 10, the lateral width and the longitudinal width can
be calculated from the measured circumference by conver-
sion. In such a case, the circumference of the head is stored
in advance in the memory device (not shown) in association
with the lateral width and the longitudinal width. The
measurement data processing device 10 consults the
memory device to obtain the lateral width and the longitu-
dinal width which are associated with the measured circum-
ference of the head.

[0060] Information indicating the lateral width D1 and the
longitudinal width D2 which are obtained through the
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above-mentioned measurement is outputted from the mea-
surement data processing device 10 to each of the control
device 6 and the display device 5. Values such as the lateral
width (biparietal diameter) D1 and the longitudinal width
D2 are displayed on the monitor screen of the display device

[0061] The measurement data processing device 10
obtains a width of the head in a depth direction thereof
(width in the oscillation direction (width in the Y-direction))
based on the lateral width (biparietal diameter) D1 and
outputs information indicating the width of the head in the
depth direction thereof to the control device 6. Because the
head of the unborn baby can be assumed to be an ellipsoid
as described above, when the lateral width (biparietal diam-
eter) D1 of the head is measured, the width in the depth
direction (oscillation direction (Y-direction)) is estimated. In
this embodiment, assume that the width in the depth direc-
tion (oscillation direction (Y-direction)) is D5. A shape of the
head of the unborn baby and a size thereof are statistically
estimated from the biparietal diameter. Therefore, a table in
which the biparietal diameter is associated with the shape of
the head and the size thereof is stored in advance in the
memory device (not shown). The measurement data pro-
cessing device 10 consults the table to obtain the width of
the head in the depth direction thereof (oscillation direction
(Y-direction)).

[0062] Upon receipt of the information indicating the
lateral width D1 and the longitudinal width D2 from the
measurement data processing device 10, the ROI width
determining device 61 determines a lateral width and a
longitudinal width of the region of interest (ROI) on the
tomographic image data (two-dimensional information)
based on the information (Step S03). For example, because
the head of the unborn baby is assumed to be an ellipsoid,
a shape of the region of interest (ROI) 264 is set as an
elliptical shape as shown in FIG. 5B. Therefore, a lateral
width D3 of the region of interest (ROI) 264 and a longi-
tudinal width D4 thereof are determined by the ROI width
determining device 61. Here, in the ROI width determining
device 61, the lateral width D1 and the longitudinal width
D2, each of which is multiplied by a ratio (weighting)
specified by the operator, may be determined as the lateral
width D3 of the elliptical region of interest (ROI) 26a and
the longitudinal width D4 thereof. For example, the lateral
width D3 of the region of interest (ROI) 26a and the
longitudinal width D4 thereof are determined by the ROI
width determining device 61 using the expression (1).
(Lateral width D3 of region of interest (ROI) 26a)=
(lateral width D1 of head of unborn baby)x(ratio)
(Longitudinal width D4 of region of interest (ROI)
26a)=(longitudinal width D2 of head of unborn baby)x
(ratio)
[0063] The ratio in the expression (1) is a parameter
specified by the operator. When the size of the head is equal
to the size of the region of interest (ROI), “standard” is set.
Assume that “standard” indicates 100%. In the case of
“standard” (100%), the lateral width D3 of the region of
interest (ROI) 264 and the longitudinal width D4 thereof are
determined by the ROI width determining device 61 with a
condition in which the ratio is equal to “1”. In this case, the
lateral width D3 of the region of interest (ROI) becomes
equal to the lateral width D1 of the head and the longitudinal
width D4 of the region of interest (ROI) becomes equal to
the longitudinal width D2 of the head.

Expression (1)
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[0064] The size of the region of interest (ROI) to the size
of the head can be adjusted according to the radio selected
by the operator using the operation device 7. For example,
when 110% is selected as “standard”, the lateral width D3 of
the region of interest (ROI) and the longitudinal width D4
thereof are determined by the ROI width determining device
61 with a condition in which the ratio is equal to “1.1”. In
this case, the lateral width D3 of the region of interest (ROI)
becomes “1.1 times” the lateral width D1 of the head and the
longitudinal width D4 of the region of interest (ROI)
becomes “1.1 times” the longitudinal width D2 of the head.

[0065] Such a ratio can be arbitrarily selected. For
example, “standard” (100%), 90% of “standard”, 110% of
“standard”, 120% of “standard”, 130% of “standard”, or the
like can be selected. When the ratio is inputted from the
operation device 7 by the operator, the lateral width D3 of
the region of interest (ROI) and the longitudinal width D4
thereof are determined based on the inputted ratio by the
ROI width determining device 61.

[0066] As described above, the lateral width D3 and the
longitudinal width D4 of the region of interest (ROI) 26a on
the tomographic image data (two-dimensional information)
are determined by the ROI width determining device 61. The
region of interest (ROI) 264 is a region of interest on the
tomographic image data acquired when the ultrasonic trans-
ducers 21 are not oscillated. In other words, the region of
interest (ROI) 26a corresponds to a region of interest on the
tomographic image data acquired when the oscillation angle
6 shown in FIG. 2B is “0°”.

[0067] The last menstrual date of the mother which is
included in the patient information of the mother may be
used for another method of determining the lateral width of
the region of interest (ROI) and the longitudinal width
thereof. In such a case, first, the patient information includ-
ing the last menstrual date of the mother is inputted from the
operation device 7 to the ultrasonic diagnostic apparatus 1
by the operator. The patient data processing device 11
receives the patient information through the control device
6 and calculates the unborn baby age from the last menstrual
date. Because there is a statistical relationship between the
unborn baby age and the size of the unborn baby, the patient
data processing device 11 determines the size of the head of
the unborn baby based on the unborn baby age. For example,
a table in which the unborn baby age is associated with the
size of the head of the unborn baby is stored in advance in
the memory device (not shown). The patient data processing
device 11 consults the table to obtain the size (lateral width
D1, longitudinal width D2, and width D5 in a depth direc-
tion) of the head of the unborn baby based on unborn baby
age. The information indicating the lateral width D1 of the
head and the longitudinal width D2 thereof which are thus
obtained is outputted to the ROI width determining device
61 of the control device 6. As in the operation described
above, the lateral width D3 of the region of interest (ROI)
26a and the longitudinal width D4 thereof are determined by
the ROI width determining device 61.

[0068] As described above, when the lateral width D3 and
the longitudinal width D4 of the region of interest (ROI) 26a
on the tomographic image data acquired at the oscillation
angle 8 of “0°” are determined, the range of the oscillation
angle 0 is then determined by the oscillation angle deter-
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mining device 62 (Step S04). A method of determining the
range of the oscillation angle 6 will be described with
reference to FIG. 6.

[0069] First, the operator specifies a position of the region
of interest (ROI) 26a to be displayed on the monitor screen
of the display device 5. For example, while the operator
observes the tomographic image 24 displayed on the moni-
tor screen of the display device 5, the operator operates the
operation device 7 to specify the position of the region of
interest (ROI) 26a including the head of the unborn baby,
which is to be displayed thereon. The specified position
corresponds to an upper end portion of the region of interest
(ROI) 26a.

[0070] The oscillation angle determining device 62 deter-
mines the range of the oscillation angle 6 based on a distance
between the oscillation center point 21a and the surface of
the ultrasonic probe 2, the specified position of the region of
interest (ROI) 264 to be displayed, the longitudinal width D4
of the region of interest (ROI) 264, and the shape (in the
depth direction (width DS in an oscillation direction)) of the
head of the unborn baby.

[0071] As shown in FIG. 6, the distance between the
oscillation center point 21a of the ultrasonic transducers 21
and the surface of the ultrasonic probe 2 is expressed as a
distance d1. The position of the region of interest (ROI) 26a
to be displayed, which is specified by the operator, is
expressed as a specified position S3. A distance between the
surface of the ultrasonic probe 2 and the specified position
S3 of the region of interest (ROI) 26a is expressed as a
distance d2. Assume that a half value of the longitudinal
width D4 of the region of interest (ROI) 264 is d3 (=D4/2).
The shape of the head, more specifically, the width D5 of the
head in the depth direction (oscillation direction (Y-direc-
tion)) is obtained by the measurement data processing
device 10. Note that FIG. 6 shows a shape of a head 27 of
the unborn baby in the depth direction (oscillation direction
(Y-direction)). To explain it easily in FIG. 6, the shape of the
head in the depth direction (oscillation direction (Y-direc-
tion)) is indicated as an elliptical shape.

[0072] The oscillation angle determining device 62
obtains the oscillation angle 6 based on the above-mentioned
parameters. In order to obtain the oscillation angle 0, first,
the oscillation angle determining device 62 calculates a sum
of the distance d1 between the oscillation center point 21a
and the surface of the ultrasonic probe 2, the distance d2
between the surface of the ultrasonic probe 2 and the
specified position S3 of the region of interest (ROI) 264, and
the half value d3 of the longitudinal width D4. In other
words, the oscillation angle determining device 62 calcu-
lates (d1+d2+d3). Assume that a half value of the width D5
in the depth direction (oscillation direction (Y-direction)) is
d4 (=D5/2). The oscillation angle determining device 62
determines the range of the oscillation angle 6 using the
under-mentioned expression (2).
Oscillation angle O=tan™'{d4/(d1+d2+d3)}
[0073] When the ultrasonic transducers 21 are oscillated
within the oscillation angle 6 expressed by the expression
(2), a tomographic image including both end points S4 and
S5 of the head 27 in the depth direction (oscillation direction
(Y-direction)) and vicinities thereof is acquired.

Expression (2)

[0074] The oscillation angle 6 may be multiplied by the
above-mentioned ratio. For example, when “standard” is
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specified by the operator, the oscillation angle determining
device 62 multiplies the angle calculated by the expression
(2) by the ratio of “1” to obtain the oscillation angle. When
110% of “standard” is specified, the oscillation angle deter-
mining device 62 multiplies the angle calculated by the
expression (2) by the ratio of “1.1” to obtain the oscillation
angle.

[0075] As described above, according to the ultrasonic
diagnostic apparatus 1 according to this embodiment, the
oscillation angle is calculated based on the unborn baby
development information, that is, the size (lateral width,
longitudinal width, and width in a depth direction) of the
head of the unborn baby. Therefore, the ultrasonic transduc-
ers 21 can be oscillated for scanning within the scanning
region based on the shape of the head of the unborn baby,
with the result that the image in a region corresponding to
the size of the head of the unborn baby can be acquired.

[0076] When the oscillation angle 0 is determined, the
information indicating the range of the determined oscilla-
tion angle is outputted to the probe oscillation control device
8. After the oscillation angle is determined, the size of the
region of interest (ROI) which is associated with each
oscillation angle is determined by the ROI width determin-
ing device 61 (Step S05). The operation for obtaining the
size of the region of interest (ROI) associated with the
oscillation angle will be described with reference to FIGS.
7A and 7B.

[0077] As shown in FIG. 7A, the head of the unborn baby
can be assumed to be an ellipsoid. A cross sectional area of
the head at the oscillation angle of “0°” is large and the cross
sectional area becomes gradually smaller as the oscillation
angle increases. Therefore, when the oscillation angle
increases, the lateral width D3 of the region of interest (ROI)
and the longitudinal width D4 thereof are shortened by the
ROI width determining device 61. The shape of the head of
the unborn baby and the size thereof are statistically found,
so the shape of the head of the unborn baby and the size
thereof are stored in advance in the memory device (not
shown) as described above. The ROI width determining
device 61 obtains the lateral width of the region of interest
(ROI) and the longitudinal width thereof which are associ-
ated with each oscillation angle based on the shape of the
head of the unborn baby and the size thereof which are
stored in the memory device, the lateral width D3 of the
region of interest (ROI) 264 and the longitudinal width D4
thereof, and the range of the oscillation angle.

[0078] For example, in the ROI width determining device
61, when the oscillation angle is “0°”, the region of interest
(ROI) 264 is assumed. When the oscillation angle is “10°
and -10°7, the region of interest (ROI) 265 is assumed.
When the oscillation angle is “20° and -20°”, the region of
interest (ROI) 26¢ is assumed. When the oscillation angle is
“30° and -30°”, the region of interest (ROI) 264 is assumed.

[0079] As shown in FIGS. 7A and 7B, the region of
interest (ROI) 26a associated with the oscillation angle of
“0°” has a longest lateral width and a longest longitudinal
width, so that it has a largest size. The lateral width and the
longitudinal width of the region of interest (ROI) 265 which
are associated with the oscillation angle of “10°, -10°”
become shorter than those of the region of interest (ROI)
26a. The lateral width and the longitudinal width of the
region of interest (ROI) 26¢ which are associated with the



US 2006/0184031 Al

oscillation angle of “20°, —=20°” become shorter than those
of the region of interest (ROI) 2654. The lateral width and the
longitudinal width of the region of interest (ROI) 264 which
are associated with the oscillation angle of *“30°, -30°”
become shorter than those of the region of interest (ROI)
26¢. Therefore, when the region of interest (ROI) which is
to be set becomes closer to the end portion of the head 27 of
the unborn baby, the lateral width and the longitudinal width
of the set region of interest (ROI) are shortened by the ROI
width determining device 61, thereby decreasing the size of
the region of interest.

[0080] As described above, in the ultrasonic diagnostic
apparatus 1, when the lateral width and the longitudinal
width (size) of the region of interest (ROI) are adjusted
according to the oscillation angle, it is possible to set the
region of interest (ROI) corresponding to the shape of the
head of the unborn baby. Therefore, the three-dimensional
image of the head of the unborn baby can be preferably
extracted and displayed. The information indicating the
region of interest (ROI) is outputted from the control device
6 to the three-dimensional processing device 9.

[0081] When the range of the oscillation angle is deter-
mined, the rate (oscillation rate) for oscillating the ultrasonic
transducers 21 is determined by the oscillation rate deter-
mining device 63 (Step S06). The operation for determining
the oscillation rate will be described with reference to FIG.
8.

[0082] A table of FIG. 8 shows information stored in
advance in a memory device (not shown) of the ultrasonic
diagnostic apparatus 1. This table includes the range of the
oscillation angle for oscillating the ultrasonic transducers
21, the information indicating image quality, and the oscil-
lation rate, which are associated with one another. The range
of the oscillation angle is obtained by the oscillation angle
determining device 62. The information indicating image
quality is determined by the selection of the operator and
corresponds to information inputted from the operation
device 7.

[0083] Upon receipt of the information indicating the
range of the oscillation angle and image quality, the oscil-
lation rate determining device 63 consults the table shown in
FIG. 8 to determine the rate (oscillation rate) for oscillating
the ultrasonic transducers 21. For example, assume that the
maximum range of the oscillation angle is “45°, -45°”. In
such a case, when “high quality” is selected by the operator,
the oscillation rate determining device 63 selects the rate of
“90” from the table. When “intermediate quality” is
selected, the rate of “110” is selected. When “low quality”
is selected, the rate of “130” is selected. Therefore, the
oscillation rate increases as the image quality is shifted from
the high quality to the low quality. In other words, when a
high quality image is to be acquired, the ultrasonic diagnos-
tic apparatus 1 performs scanning with a state in which the
oscillation rate of the ultrasonic transducers 21 is low. On
the other hand, when the priority of the scanning speed is to
be made higher than that of the image quality, the scanning
is performed with a state in which the oscillation rate of the
ultrasonic transducers 21 is high.

[0084] The oscillation rate is related to an ultrasonic
scanning line density. In other words, the ultrasonic scan-
ning line density becomes less dense as the oscillation rate
increases. The ultrasonic scanning line density becomes
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denser as the oscillation rate decreases. Because the ultra-
sonic scanning line density becomes less dense as the
oscillation rate increases, the quality of an acquired ultra-
sonic image is changed from high quality to low quality.
However, the scanning speed increases as the oscillation rate
increases, so the real time operation of the ultrasonic diag-
nostic apparatus 1 can be improved. On the other hand,
because the ultrasonic scanning line density becomes denser
as the oscillation rate decreases, the quality of an acquired
ultrasonic image is changed from low quality to high quality.

[0085] As described above, a relative relationship is held
between the quality (scanning line density) of the ultrasonic
image and the ultrasonic scanning speed. When “high qual-
ity” is selected by the operator, a high quality ultrasonic
image can be obtained. When “low quality” is selected to
acquire an image such as a blood flow image, a frame rate
can be increased, so that the image can be obtained with an
improved realtimeness.

[0086] Thus, when the oscillation rate of the ultrasonic
transducers 21 is determined by the oscillation rate deter-
mining device 63, the information indicating the oscillation
rate thereof is outputted to the probe oscillation control
device 8.

[0087] The probe oscillation control device 8 controls the
oscillation of the ultrasonic transducers 21 based on the
information indicating the oscillation angle and the infor-
mation indicating the oscillation speed which are outputted
from the control device 6. When the oscillation control of the
ultrasonic transducers 21 is performed by the probe oscil-
lation control device 8 and the ultrasonic transmission and
receiving control is performed by the transmission and
receiving device 3, an echo signal is acquired at each
oscillation angle by the ultrasonic probe 2. The echo signal
acquired at each oscillation angle is outputted to the signal
processing device 4. The signal processing device 4 gener-
ates tomographic data associated with each oscillation angle
based on the echo signal and outputs the tomographic data
associated with each oscillation angle to the three-dimen-
sional image processing device 9 (Step S07).

[0088] The three-dimensional image processing device 9
reconstructs three-dimensional image data from the tomo-
graphic image data associated with each oscillation angle
using a known method. At the time of reconstruction, the
information indicating the size (lateral width and longitudi-
nal width) of the region of interest (ROI) which is associated
with each oscillation angle is outputted from the control
device 6 to the three-dimensional image processing device
9. Therefore, the three-dimensional image processing device
9 extracts, from the tomographic image data associated with
each oscillation angle, image data included in the region of
interest (ROI) which is associated with a corresponding
oscillation angle (Step S08). For example, the region of
interest (ROI) 264 is associated with the oscillation angle of
“0°”, so the three-dimensional image processing device 9
extracts the image data included in the region of interest
(ROI) 26a associated therewith from the tomographic image
data acquired at the oscillation angle of “0°”. With respect
to another oscillation angle, the same operation is per-
formed. For example, the region of interest (ROI) 264 is
associated with the oscillation angle of “10°, =10°”, so the
three-dimensional image processing device 9 extracts the
image data included in the region of interest (ROI) 265
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associated therewith from the tomographic image data
acquired at the oscillation angle of “10°, -10°”. Then, the
three-dimensional image processing device 9 reconstructs
the three-dimensional image data from the extracted tomo-
graphic image data associated with each oscillation angle.
The reconstructed three-dimensional image data is outputted
to the display device 5, so that the three-dimensional image
of the head of the unborn baby is displayed on the display
device 5.

[0089] As described above, according to the ultrasonic
diagnostic apparatus 1 according to this embodiment, when
the size (lateral width and longitudinal width) of the region
of interest (ROI), the oscillation angle, the oscillation rate,
and the size of the region of interest (ROI) associated with
each oscillation angle are obtained from the size (lateral
width, longitudinal width, and width in a depth direction) of
the head of the unborn baby, it is possible to reconstruct the
three-dimensional data based on the shape of the head of the
unborn baby. Therefore, the ultrasonic diagnostic apparatus
1 can suitably extract and display the three-dimensional
image of the head of the unborn baby.

[0090] Up to now, the size of the region of interest (ROI),
the oscillation angle, and the oscillation rate are determined
by the operator on experience or intuition. According to the
ultrasonic diagnostic apparatus 1 according to this embodi-
ment, when the unborn baby development information or the
unborn baby age information is obtained, the size of the
region of interest (ROI), the oscillation angle, and the
oscillation rate which are suitable to extract the three-
dimensional image of the head of the unborn baby are
automatically determined. Therefore, the setting of the
region of interest which is performed by the operator can be
omitted.

[0091] When the three-dimensional image of the head of
the unborn baby is not suitably extracted using the size of the
region of interest (ROI), the oscillation angle, and the
oscillation rate which are determined by the above-men-
tioned operation, it is necessary to reset the size of the region
of interest, the oscillation angle, and the oscillation rate to
perform scanning again. Even when such resetting is nec-
essary, the frequency of the resetting can be reduced by
using the ultrasonic diagnostic apparatus 1 according to this
embodiment. In other words, even when the parameters such
as the size of the region of interest and the oscillation angle
which are set to suitably extract the three-dimensional image
of the head of the unborn baby are outside an optimum
condition, such deviation from the optimum condition may
be slight because the size of the region of interest, the
oscillation angle, and the like which are suitable for the
shape of the head of the unborn baby are obtained by the
ROI width determining device 61 and the like. Because the
parameters are slightly deviated from the optimum condi-
tion, the frequency of the resetting performed by the opera-
tor can be reduced. Further in a case of resetting, it is only
necessary to change the above-mentioned ratio to a suitable
ratio by the operator, with the result that the size of the
region of interest, the oscillation angle, and the like which
are suitable to extract the three-dimensional image of the
head of the unborn baby are obtained. Therefore, even when
suitable setting conditions of the region of interest are not
obtained in first setting, the frequency of the resetting
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performed by the operator can be reduced. As a result, an
examination time can be shortened to reduce burdens on a
patient and the operator.

[0092] According to the ultrasonic diagnostic apparatus 1
according to this embodiment, the position of the region of
interest (ROI) can be automatically determined. Such an
operation will be described with reference to FIGS. 9A and
9B. When the end points S1 and S2 are specified as shown
in FIG. 9A by the operator to measure the lateral width of
the head of the unborn baby (biparietal diameter) in Step
S02, the ROI position determining device 64 obtains a
position (coordinates) of a center point O1 of the lateral
width D1 from the positions (coordinates) of the end points
S1 and S2. Then, the ROI position determining device 64
determines a position (coordinates) of a center point O2 of
the region of interest (ROI) 26a shown in FIG. 9B based on
the position (coordinates) of the center point O1 using the
under-mentioned expression (3).

Position (coordinates) of center point O2 of region of

interest (ROI) 26a=(Position (coordinates) of center

point O1)x(ratio)
[0093] As described above, the ratio is the parameter
arbitrarily determined by the operator and “standard” is
assumed to be 100%. It is possible to select 110% of
“standard”, 120% of “standard”, or the like. For example,
when “standard” is selected by the operator, the ratio
becomes “1.0”, so that the position (coordinates) of the
center point O2 of the region of interest (ROI) 26a coincides
with the center point O1 (coordinates). When 110% of
“standard” is selected, the ratio becomes “1.1”. In this case,
the ROI position determining device 64 multiplies the
coordinates of the region of interest (ROI) 26a in the
Z-direction (depth direction) by “1.1”.
[0094] Therefore, according to the ultrasonic diagnostic
apparatus 1 according to this embodiment, the position
(coordinates) of the region of interest (ROI) 264 on the X-Z
plane can be automatically determined based on the end
points S1 and S2 specified to measure the lateral width of the
head of the unborn baby (biparietal diameter).

Expression (3)

[0095] Next, an example with respect to another diagnos-
tic region will be described. In the above-mentioned
example, a region including the mother and the unborn baby
is set as a target region for image taking. Even when a region
other than target region including the mother and the unborn
baby is subjected to image taking, a three-dimensional
image based on the shape of such region is obtained by the
ultrasonic diagnostic apparatus 1. Hereinafter, an example in
which a three-dimensional image of a tumor which is the
target region for image taking is displayed will be described.

[0096] Assume that the target region for image taking is a
tumor of a thyroid. In order to generate three-dimensional
image data of the tumor, tomographic image data of the
tumor caused in the thyroid is acquired by the ultrasonic
diagnostic apparatus 1. In the ultrasonic diagnostic appara-
tus 1, an ultrasonic wave is transmitted from the ultrasonic
probe 2 to the object to be examined (thyroid) without the
oscillation of the ultrasonic transducers 2. Echo waves from
the object to be examined are received by the ultrasonic
probe 2. The tomographic image data of a region including
the tumor is generated based on the received echo waves and
displayed on the monitor screen of the display device 5.

[0097] The tomographic image data as the two-dimen-
sional information, which is generated as described above, is
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outputted to the display device 5 and displayed as a tomo-
graphic image of the region including the tumor on the
monitor screen of the display device 5. FIG. 10 shows an
example of the tomographic image of the region including
the tumor, which is displayed on the monitor screen of the
display device 5.

[0098] As shown in FIG. 10, a tomographic image 30 of
the region including the tumor is displayed as the two-
dimensional information on the monitor screen of the dis-
play device 5. A tomographic image 31 of the tumor is
included in the tomographic image 30. The tomographic
image 31 of the tumor is a tomographic image on the
scanning plane 23 (X-Z plane).

[0099] In order to determine the setting conditions of the
region of interest (ROI) before the acquisition of the three-
dimensional image data, the measurement data processing
device 10 measures the size of the tumor using the tomo-
graphic image 31 of the tumor as shown in FIG. 10.

[0100] First, in order to measure the lateral width of the
tumor, while the operator observes the tomographic image
30 displayed on the monitor screen of the display device 5,
the operator operates the operation device 7 to specify both
ends of the tumor. For example, as shown in FIG. 10, when
end points S10 and S20 located in both ends of a tumor
portion having a longest lateral width are specified by the
operator, a length between the end point S10 and the end
point S20 is measured by the measurement data processing
device 10. In this case, a length of the portion having the
longest lateral width, of the tumor is measured by the
measurement data processing device 10. Assume that the
length of the portion having the longest lateral width is a
lateral width D10.

[0101] When the lateral width D10 is obtained, a length of
a portion having a longest longitudinal width, of the tumor
(longitudinal width D11) is calculated by the measurement
data processing device 10. As in the case where the lateral
width D10 is obtained, both end points of the portion having
the longest longitudinal width, of the tumor are specified by
the operator and a length between the points is measured by
the measurement data processing device 10 to set the
measured length as the longitudinal width D11.

[0102] The following operation may be performed iden-
tically as in the example with respect to the mother and the
unborn baby. A circumference of the tumor is measured by
the measurement data processing device 10 without per-
forming direct measurement on the lateral width D10 of the
tumor and the longitudinal width D11 thereof. The lateral
width D10 and the longitudinal width D11 are calculated
from the measured circumference by conversion.

[0103] The lateral width D10 and the longitudinal width
D11 which are obtained through the above-mentioned mea-
surement are outputted from the measurement data process-
ing device 10 to each of the control device 6 and the display
device 5. Obtained values such as the lateral width D10 and
the longitudinal width D11 are displayed on the monitor
screen of the display device 5.

[0104] The measurement data processing device 10
obtains a width of the tumor in a depth direction thereof
(width in the oscillation direction (width in the Y-direction))
based on the lateral width D10 (or longitudinal width D11)
and outputs information indicating the width of the tumor in
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the depth direction thereof to the control device 6. Assume
that the width in the depth direction (oscillation direction
(Y-direction)) is D12. A shape of the tumor and a size thereof
are statistically estimated from the lateral width D10 (or
longitudinal width D11). Therefore, a table in which the
lateral width D10 (or longitudinal width D11) is associated
with the shape of the tumor and the size thereof is stored in
advance in the memory device (not shown). The measure-
ment data processing device 10 consults the table to obtain
the width D12 of the tumor in the depth direction (oscillation
direction (Y-direction)).

[0105] Upon receipt of the information indicating the
lateral width D10 and the longitudinal width D11 from the
measurement data processing device 10, the ROI width
determining device 61 determines the lateral width and the
longitudinal width of the region of interest (ROI) on the
tomographic image (two-dimensional information) based on
the received information. As in the example with respect to
the mother and the unborn baby, the tumor which is the
diagnostic region is assumed to be an ellipsoid, so the shape
of the region of interest (ROI) 264 is set as the elliptical
shape as shown in FIG. 5B. Therefore, the lateral width D3
of the region of interest (ROI) 26a and the longitudinal
width D4 thereof are determined by the ROI width deter-
mining device 61. As in the above-mentioned embodiment,
in the ROI width determining device 61, the lateral width
D10 and the longitudinal width D11, each of which is
multiplied by the ratio (weighting) specified by the operator,
may be determined as the lateral width D3 of the elliptical
region of interest (ROI) 264 and the longitudinal width D4
thereof. For example, as in the above-mentioned embodi-
ment, the lateral width D3 of the region of interest (ROI) 26a
and the longitudinal width D4 thereof are determined by the
ROI width determining device 61 using the expression (1).

[0106] In some cases, a doctor observes the tumor and
blood vessels located around the tumor to conduct diagnosis.
In such cases, it is necessary to display an ultrasonic image
including the tumor and the blood vessels located around the
tumor on the display device 5. Therefore, the ratio in the
expression (1) increases to increase the size of the region of
interest (ROI). For example, when 110% of “standard” is
selected by the operator so as to include the blood vessels
located around the tumor in the ultrasonic image, the lateral
width D3 of the region of interest (ROI) 26a and the
longitudinal width D4 thereof are determined by the ROI
width determining device 61 with a condition in which the
ratio is equal to “1.1”. In this case, the lateral width D3 of
the region of interest (ROI) becomes “1.1 times” the lateral
width D10 of the tumor and the longitudinal width D4 of the
region of interest (ROI) also becomes “1.1 times” the
longitudinal width D11 of the tumor. As in the above-
mentioned embodiment, the ratio can be arbitrarily selected
by the operator. The ratio is changed to 120% or 130% by
the operator so as to include the blood vessels located around
the tumor in the ultrasonic image.

[0107] As described above, the lateral width D3 and the
longitudinal width D4 of the region of interest (ROI) 264 on
the tomographic image data (two-dimensional information)
are determined by the ROI width determining device 61. The
region of interest (ROI) 264 is a region of interest on the
tomographic image data acquired when the ultrasonic trans-
ducers 21 are not oscillated.
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[0108] As described above, after the lateral width D3 and
the longitudinal width D4 of the region of interest (ROI) 26a
on the tomographic image data acquired at the oscillation
angle 0 of “0°” are determined, the range of the oscillation
angle 0 is determined by the oscillation angle determining
device 62.

[0109] As in the example with respect to the mother and
the unborn baby, for example, while the operator observes
the tomographic image 30 displayed on the monitor screen
of the display device 5, the operator operates the operation
device 7 to specify the position of the region of interest
(ROI) 264 including the tumor, which is to be displayed
thereon. The specified position corresponds to an upper end
portion of the region of interest (ROI) 26a.

[0110] The oscillation angle determining device 62 deter-
mines the range of the oscillation angle 0 based on a distance
between the oscillation center point 21a and the surface of
the ultrasonic probe 2, the specified position of the region of
interest (ROI) 264 to be displayed, the longitudinal width D4
of the region of interest (ROI) 264, and the shape (width D5
in the depth direction (oscillation direction)) of the tumor.

[0111] A specific method of determining the range of the
oscillation angle 0 is identical to the method with respect to
the mother and the unborn baby. The oscillation angle
determining device 62 determines the oscillation angle 6
using the above-mentioned expression (2). When the ultra-
sonic transducers 21 are oscillated within the oscillation
angle 0 determined using the expression (2), a tomographic
image including the ends of the tumor in the depth direction
and vicinities thereof is acquired.

[0112] The oscillation angle 8 may be multiplied by the
above-mentioned ratio. For example, when the tumor and
the blood vessels located around the tumor are to be
observed to conduct diagnosis, the angle obtained using the
expression (2) may be increased to widen the range in which
the ultrasonic transducers 21 are oscillated. For example,
when 110% of “standard” with respect to the oscillation
angle is selected by the operator so as to include the blood
vessels located around the tumor in the ultrasonic image, the
oscillation angle 0 is calculated by the oscillation angle
determining device 62 with a condition in which the ratio is
equal to “1.1”. As in the example with respect to the mother
and the unborn baby, the ratio can be arbitrarily selected by
the operator. The ratio is changed to 120% or 130% by the
operator so as to include the blood vessels located around the
tumor in the ultrasonic image.

[0113] As described above, when the oscillation angle 0 is
determined, the information indicating the range of the
determined oscillation angle is outputted to the probe oscil-
lation control device 8. After the oscillation angle is deter-
mined, the size of the region of interest (ROI) which is
associated with each oscillation angle is determined by the
ROI width determining device 61. For example, when the
tumor is assumed to be an ellipsoid, a cross sectional area of
the tumor at the oscillation angle of “0” is large and the cross
sectional area of the tumor becomes gradually smaller as the
oscillation angle increases. Therefore, as the oscillation
angle increases, the lateral width D3 of the region of interest
(ROI) and the longitudinal width D4 thereof are shortened
by the ROI width determining device 61. The shape of the
tumor of the unborn baby and the size thereof are stored in
advance in the memory device (not shown). The ROI width
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determining device 61 obtains the lateral width of the region
of interest (ROI) and the longitudinal width thereof which
are associated with each oscillation angle based on the shape
of the tumor and the size thereof which are stored in the
memory device, the lateral width D3 of the region of interest
(ROI) 264 and the longitudinal width D4 thereof, and the
range of the oscillation angle.

[0114] For example, as shown in FIG. 7B, in the ROI
width determining device 61, the lateral width of the region
of interest (ROI) and the longitudinal width thereof are
shortened as the oscillation angle increases. In addition, as
the region of interest (ROI) becomes closer to the end
portion of the tumor, the lateral width and the longitudinal
width of the region of interest are shortened to decrease the
size of the region of interest.

[0115] As described above, in the ultrasonic diagnostic
apparatus 1, when the lateral width and the longitudinal
width (size) of the region of interest (ROI) are adjusted
according to the oscillation angle, it is possible to set the
region of interest (ROI) suitable for the shape of the tumor.
Therefore, the three-dimensional image of the tumor can be
preferably extracted and displayed. The information indi-
cating the region of interest (ROI) is outputted from the
control device 6 to the three-dimensional processing device
9.

[0116] When the range of the oscillation angle is deter-
mined, as in the example with respect to the mother and the
unborn baby, the oscillation rate determining device 63
consults the table shown in FIG. 8 to determine the oscil-
lation rate of the ultrasonic transducers 21. Upon receipt of
the information indicating the range of the oscillation angle
which is determined by the oscillation angle determining
device 62 and the information indicating image quality
which is selected by the operator, the oscillation rate deter-
mining device 63 consults the table shown in FIG. 8 to
determine the oscillation rate of ultrasonic transducers 21.
When a high quality image is to be acquired, scanning is
performed with a low oscillation rate of the ultrasonic
transducers 21. On the other hand, when the priority of the
scanning speed is to be made higher than that of the image
quality, the scanning is performed with a high oscillation
rate of the ultrasonic transducers 21.

[0117] For example, when image display is performed by
color flow mapping (CFM) to allow observation of the blood
flow of the blood vessels located around the tumor, it is
necessary to increase the scanning speed to the extent in
which the blood flow can be observed. In such a case, when
“intermediate quality” or “high quality” is selected by the
operator, the frame rate can be increased, so that the image
can be obtained with an improved realtimeness.

[0118] Thus, when the oscillation rate of the ultrasonic
transducers 21 is determined by the oscillation rate deter-
mining device 63, the information indicating the oscillation
rate thereof is outputted to the probe oscillation control
device 8.

[0119] The probe oscillation control device 8 controls the
oscillation of the ultrasonic transducers 21 based on the
information indicating the oscillation angle and the infor-
mation indicating the oscillation rate which are outputted
from the control device 6. When the oscillation control of the
ultrasonic transducers 21 is performed by the probe oscil-
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lation control device 8 and the ultrasonic transmission and
receiving control is performed by the transmission and
receiving device 3, an echo signal is acquired at each
oscillation angle. The signal processing device 4 generates
tomographic image data associated with each oscillation
angle based on the echo signal and outputs the tomographic
image data to the three-dimensional image processing
device 9.

[0120] The three-dimensional image processing device 9
reconstructs three-dimensional image data from the tomo-
graphic image data associated with each oscillation angle. At
the time of reconstruction, the three-dimensional image
processing device 9 extracts, from the tomographic image
data associated with each oscillation angle, image data
included in the region of interest (ROI) which is associated
with a corresponding oscillation angle. Then, the three-
dimensional image processing device 9 reconstructs the
three-dimensional image data from the extracted tomo-
graphic image data associated with each oscillation angle.
The reconstructed three-dimensional image data is outputted
to the display device 5, so that the three-dimensional image
of the tumor is displayed thereon.

[0121] As described above, according to the ultrasonic
diagnostic apparatus 1, when the size (lateral width and
longitudinal width) of the region of interest (ROI), the
oscillation angle, the oscillation rate, and the size of the
region of interest (ROI) associated with each oscillation
angle are obtained from the size (lateral width, longitudinal
width, and width in depth direction) of the tumor, it is
possible to reconstruct the three-dimensional image data
based on the shape of the tumor. Therefore, the ultrasonic
diagnostic apparatus 1 can suitably extract and display the
three-dimensional image of the tumor.

[0122] As in the example with respect to the mother and
the unborn baby, the position of the region of interest (ROI)
may be automatically determined by the ultrasonic diagnos-
tic apparatus 1. For example, when the end points S10 and
S20 shown in FIG. 10 are specified by the operator, the ROI
position determining device 64 obtains the position (coor-
dinates) of the center point of the lateral width D10 from the
positions (coordinates) of the end points S10 and S20. Then,
the ROI position determining device 64 determines the
position (coordinates) of the center point of the region of
interest (ROI) 264 based on the position (coordinates) of the
center point of the lateral width D10 using the above-
mentioned expression (3).

[0123] The example in which the mother and the unborn
baby are subjected to image taking and the example in which
the tumor is subjected to image taking are described in this
embodiment. Even when another diagnostic region is sub-
jected to image taking, the region of interest (ROI) and the
oscillation angle which are suitable for the shape of the
diagnostic region can be set by the ultrasonic diagnostic
apparatus 1, so that a three-dimensional image of the diag-
nostic region can be preferably extracted and displayed. For
example, even when an internal organ such as a heart or a
liver is set as the diagnostic region, the region of interest
(ROD) and the oscillation angle which are suitable for the
shape of the heart or the like can be set by the ultrasonic
diagnostic apparatus 1, so that a three-dimensional image of
the heart or the like can be preferably extracted and dis-
played.
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[0124] As described above, according to the ultrasonic
diagnostic apparatus 1 in this embodiment, the size (lateral
width and longitudinal width) of the diagnostic region are
measured based on the tomographic image as the two-
dimensional information. The size of the region of interest,
the oscillation angle, and the oscillation rate (scanning line
density) are determined based on the obtained values and the
position of the interest. Therefore, it is possible to automati-
cally determine the region of interest, the oscillation angle,
and the oscillation rate (scanning line density), which are
suitable to extract the image of the diagnostic region. Thus,
the image necessary to observe the diagnostic region is
efficiently obtained, with the result that the diagnostic effi-
ciency using the ultrasonic diagnostic apparatus can be
improved.

What is claimed is:
1. An ultrasonic diagnostic apparatus, comprising:

a condition determining device for determining a three-
dimensional image taking region set with an ultrasonic
wave in an object to be examined based on information
of the object to be examined; and

a scanning device for scanning the object to be examined
with the ultrasonic wave in the determined three-
dimensional image taking region to acquire a three-
dimensional ultrasonic image.

2. An ultrasonic diagnostic apparatus according to claim

1, wherein the condition determining device determines the
three-dimensional image taking region based on information
obtained from a two-dimensional ultrasonic image of the
object to be examined, which is acquired in advance.

3. An ultrasonic diagnostic apparatus according to claim

1, wherein the scanning device comprises a plurality of
ultrasonic transducers arranged in a predetermined direction
and acquires the three-dimensional ultrasonic image by
scanning the object to be examined with the ultrasonic wave
in the three-dimensional image taking region while the
ultrasonic transducers are oscillated in a direction orthogo-
nal to a scanning plane corresponding to the predetermined
direction.

4. An ultrasonic diagnostic apparatus according to claim

35

wherein the condition determining device determines a
size of a region of interest on the scanning plane based
on the information of the object to be examined, and

wherein the scanning device acquires the three-dimen-
sional ultrasonic image based on the determined size of
the region of interest.
5. An ultrasonic diagnostic apparatus according to claim
35

wherein the condition determining device determines, as
the three-dimensional image taking region, an angle
range for oscillating the ultrasonic transducers in the
direction orthogonal to the scanning plane based on the
information of the object to be examined, and

wherein the scanning device acquires the three-dimen-
sional ultrasonic image by scanning the object to be
examined with the ultrasonic wave while the ultrasonic
transducers are oscillated in the determined angle
range.
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6. An ultrasonic diagnostic apparatus according to claim
4’

wherein the object to be examined comprises a mother
and an unborn baby, and

wherein the condition determining device determines the
size of the region of interest on the scanning plane
based on a two-dimensional ultrasonic image including
the mother and the unborn baby, which is acquired in
advance by scanning the object to be examined.

7. An ultrasonic diagnostic apparatus according to claim
6, further comprising a display device for displaying the
two-dimensional ultrasonic image including the mother and
the unborn baby,

wherein the condition determining device determines the
size of the region of interest on the scanning plane
based on the object to be examined included in the
displayed two-dimensional ultrasonic image, which is
specified by an operator.

8. An ultrasonic diagnostic apparatus according to claim
6, wherein the condition determining device determines the
size of the region of interest on the scanning plane based on
the development information of the unborn baby obtained
from the two-dimensional ultrasonic image including the
object to be examined.

9. An ultrasonic diagnostic apparatus according to claim
5,

wherein the object to be examined comprises a mother
and an unborn baby, and

wherein the condition determining device determines the
angle range for oscillating the ultrasonic transducers in
the direction orthogonal to the scanning plane based on
a two-dimensional ultrasonic image including the
mother and the unborn baby, which is acquired in
advance by scanning the mother.

10. An ultrasonic diagnostic apparatus according to claim
9, wherein the condition determining device determines the
angle range for oscillating the ultrasonic transducers in the
direction orthogonal to the scanning plane based on the
development information of the unborn baby obtained from
the two-dimensional ultrasonic image including the mother
and the unborn baby.

11. An ultrasonic diagnostic apparatus according to claim
6, wherein the condition determining device obtains a shape
of a head of the unborn baby from the two-dimensional
ultrasonic image including the mother and the unborn baby,
which is acquired in advance and determines the size of the
region of interest on the scanning plane based on the shape
of the head of the unborn baby.

12. An ultrasonic diagnostic apparatus according to claim
6, wherein the condition determining device obtains a lon-
gitudinal width and lateral width of a head of the unborn
baby from the two-dimensional ultrasonic image including
the mother and the unborn baby, which is acquired in
advance and determines the size of the region of interest on
the scanning plane based on the longitudinal width and
lateral width of the head of the unborn baby.

13. An ultrasonic diagnostic apparatus according to claim
11, wherein the condition determining device determines an
angle range for oscillating the ultrasonic transducers in the
direction orthogonal to the scanning plane based on the
determined size of the region of interest, the shape of the

13
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head of the unborn baby, and a position of the region of
interest on the two-dimensional ultrasonic image, which is
specified by an operator.

14. An ultrasonic diagnostic apparatus according to claim
11, wherein the condition determining device obtains a
width of the head of the unborn baby in a depth direction
from the shape of the head of the unborn baby and deter-
mines an angle range for oscillating the ultrasonic transduc-
ers in the direction orthogonal to the scanning plane based
on the determined size of the region of interest, the shape of
the head of the unborn baby, the width of the head of the
unborn baby in the depth direction, and a position of the
region of interest on the two-dimensional ultrasonic image,
which is specified by an operator.

15. An ultrasonic diagnostic apparatus according to claim
13, wherein the condition determining device determines the
size of the region of interest which is associated with the
angle range for oscillating the ultrasonic transducers based
on the shape of the head of the unborn baby.

16. An ultrasonic diagnostic apparatus according to claim
5, further comprising a memory device for storing rates for
oscillating the ultrasonic transducers in association with
angle ranges for oscillating the ultrasonic transducers and
information indicating image qualities;

wherein the condition determining device determines an
associated rate for oscillating the ultrasonic transduc-
ers, which is stored in the memory device, based on the
determined angle range for oscillating the ultrasonic
transducers and information indicating image quality
which is specified by an operator.

17. An ultrasonic diagnostic apparatus according to claim
13, wherein the condition determining device determines the
position of the region of interest by setting an intermediate
position between two points on the two-dimensional ultra-
sonic image, which are specified by the operator, as a center
position of the region of interest.

18. An ultrasonic image acquiring method, comprising:

a condition determining for determining a three-dimen-
sional image taking region set with an ultrasonic wave
in an object to be examined based on information of the
object to be examined; and

a scanning for scanning the object to be examined with the
ultrasonic wave in the determined three-dimensional
image taking region to acquire a three-dimensional
ultrasonic image.

19. An ultrasonic image acquiring method according to
claim 18, wherein the condition determining step comprises
determining the three-dimensional image taking region
based on information obtained from a two-dimensional
ultrasonic image of the object to be examined, which is
acquired in advance.

20. An ultrasonic image acquiring method according to
claim 18, wherein the scanning step comprises acquiring the
three-dimensional ultrasonic image by scanning the object to
be examined with the ultrasonic wave in the three-dimen-
sional image taking region while a plurality of ultrasonic
transducers arranged in a predetermined direction are oscil-
lated in a direction orthogonal to a scanning plane corre-
sponding to the predetermined direction.
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21. An ultrasonic image acquiring method according to
claim 20,

wherein the condition determining step comprises deter-
mining a size of a region of interest on the scanning
plane based on the information of the object to be
examined, and

wherein the scanning step comprises acquiring the three-
dimensional ultrasonic image based on the determined
size of the region of interest.
22. An ultrasonic image acquiring method according to
claim 20,

wherein the condition determining step comprises deter-
mining, as the three-dimensional image taking region,
an angle range for oscillating the ultrasonic transducers
in the direction orthogonal to the scanning plane based
on the information of the object to be examined, and

wherein the scanning step comprises acquiring the three-
dimensional ultrasonic image by scanning the object to
be examined with the ultrasonic wave while the ultra-
sonic transducers are oscillated in the determined angle
range.
23. An ultrasonic image acquiring method according to
claim 21,

wherein the object to be examined comprises a mother
and an unborn baby, and

wherein the condition determining step determines the
size of the region of interest on the scanning plane
based on a two-dimensional ultrasonic image including
the mother and the unborn baby, which is acquired in
advance by scanning the mother.

24. An ultrasonic image acquiring method according to
claim 23, further comprising a display step of displaying the
two-dimensional ultrasonic image including the mother and
the unborn baby,

wherein the condition determining step comprises deter-
mining the size of the region of interest on the scanning
plane based on the unborn baby included in the dis-
played two-dimensional ultrasonic image, which is
specified by an operator.

25. An ultrasonic image acquiring method according to
claim 23, wherein the condition determining step comprises
determining the size of the region of interest on the scanning
plane based on the development information of the unborn
body obtained from the two-dimensional ultrasonic image
including the mother and the unborn baby.

26. An ultrasonic image acquiring method according to
claim 22,

wherein the object to be examined comprises a mother
and an unborn baby, and

wherein the condition determining step comprises deter-
mining the angle range for oscillating the ultrasonic
transducers in the direction orthogonal to the scanning
plane based on a two-dimensional ultrasonic image
including the mother and the unborn baby, which is
acquired in advance by scanning the mother.
27. An ultrasonic image acquiring method according to
claim 26, wherein the condition determining step comprises
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determining the angle range for oscillating the ultrasonic
transducers in the direction orthogonal to the scanning plane
based on unborn development information obtained from the
two-dimensional ultrasonic image including the mother and
the unborn baby.

28. An ultrasonic image acquiring method according to
claim 23, wherein the condition determining step comprises
obtaining a shape of a head of the unborn baby from the
two-dimensional ultrasonic image including the mother and
the unborn baby, which is acquired in advance and deter-
mines the size of the region of interest on the scanning plane
based on the shape of the head of the unborn baby.

29. An ultrasonic image acquiring method according to
claim 23, wherein the condition determining step comprises
obtaining a longitudinal width and lateral width of a head of
the unborn baby from the two-dimensional ultrasonic image
including the mother and the unborn baby, which is acquired
in advance and determines the size of the region of interest
on the scanning plane based on the longitudinal width and
lateral width of the head of the unborn baby.

30. ultrasonic image acquiring method according to claim
28, wherein the condition determining step comprises deter-
mining an angle range for oscillating the ultrasonic trans-
ducers in the direction orthogonal to the scanning plane
based on the determined size of the region of interest, the
shape of the head of the unborn baby, and a position of the
region of interest on the two-dimensional ultrasonic image,
which is specified by an operator.

31. An ultrasonic image acquiring method according to
claim 28, wherein the condition determining step comprises
obtaining a width of the head of the unborn baby in a depth
direction from the shape of the head of the unborn baby and
determining an angle range for oscillating the ultrasonic
transducers in the direction orthogonal to the scanning plane
based on the determined size of the region of interest, the
shape of the head of the unborn baby, the width of the head
of the unborn baby in the depth direction, and a position of
the region of interest on the two-dimensional ultrasonic
image, which is specified by an operator.

32. An ultrasonic image acquiring method according to
claim 30, wherein the condition determining step comprises
determining the size of the region of interest which is
associated with the angle range for oscillating the ultrasonic
transducers based on the shape of the head of the unborn
baby.

33. An ultrasonic image acquiring method according to
claim 22, wherein the condition determining step comprises
determining a rate for oscillating the ultrasonic transducers
based on the determined angle range for oscillating the
ultrasonic transducers and information indicating image
quality which is specified by an operator.

34. An ultrasonic image acquiring method according to
claim 30, wherein the condition determining step comprises
determining the position of the region of interest by setting
an intermediate position between two points on the two-
dimensional ultrasonic image, which are specified by the
operator, as a center position of the region of interest.
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