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(57) ABSTRACT

In an ultrasonic diagnostic apparatus, a scan controller inputs
a trigger signal corresponding to heartbeat period, scans an
ultrasonic beam such that a particular diagnostic region of a
body under examination is scanned with the ultrasonic beam
a plurality of times in response to each trigger signal, and
controls the scan repetition period by controlling the pulse
repetition period of the transmission pulse. An image genera-
tion unit generates an image corresponding to each of the
pulse repetition periods. The scan controller controls the
pulse repletion period such that an integral multiple of the
scan repetition period is equal to a reference value determined
based on the period of the trigger signal.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD OF CONTROLLING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and a control method thereof, and more
particularly, to an ultrasonic diagnostic apparatus configured
to three-dimensionally scan the inside ofa body under exami-
nation using an ultrasonic wave in response to a trigger signal
generated based on an electrocardiogram signal or the like,
and a method of controlling such an ultrasonic diagnostic
apparatus.

[0003] 2. Description of the Related Art

[0004] In recent years, an ultrasonic diagnostic apparatus
capable of displaying a three-dimensional moving image has
been in active development, and it has become possible to
display a three-dimensional diagnostic image with higher
resolution over a larger region than in conventional two-
dimensional images.

[0005] The ultrasonic diagnostic apparatus generates a
diagnosis image using an ultrasonic wave propagating in a
living body, and thus the time from the transmission of an
ultrasonic pulse to the reception of a reflected wave from a
living body is basically the same for a three-dimensional
ultrasonic diagnostic apparatus and a two-dimensional ultra-
sonic diagnostic apparatus. To scan a three-dimensional
region in a living body with high resolution, a great number of
scanning beam positions are required. Thus, the three-dimen-
sional ultrasonic diagnostic apparatus generally needs a
longer time to scan a specified region than the two-dimen-
sional ultrasonic diagnostic apparatus needs. In other words,
when the spatial resolution is equal, the frame rate of the
three-dimensional image (ie., the frequency at which the
three-dimensional image is updated) obtained by the three-
dimensional ultrasonic diagnostic apparatus is theoretically
lower than the frame rate of the two-dimensional image
obtained by the two-dimensional ultrasonic diagnostic appa-
ratus.

[0006] To solve the problem described above, various tech-
niques have been proposed (see, for example, U.S. Pat. No.
6,544,175, JP-A 2007-20908, etc.). A basic idea of these
techniques is to divide a full region (volume) under examina-
tion for diagnosis (hereinafter, referred to simply as a full
volume) into a plurality of small regions (hereinafter referred
to as sub volumes), and obtain a three-dimensional image of
the full volume by connecting image data obtained by scan-
ning three-dimensional space of the sub volumes at a high
frame rate. In this technique, the observation time of sub
volumes varies from one to another. Therefore, it is important
to connect sub volumes so that good spatial continuity is
achieved.

[0007] Depending on a part under diagnosis, the part can
move due to breathing or a heartbeat. To avoid a problem due
to the motion of the part under diagnosis, for example, U.S.
Pat. No. 6,544,175 discloses a technique to acquire a plurality
of image data in a sub volume in synchronization with the
motion of a heart. In this technique disclosed in U.S. Pat. No.
6,544,175, a three-dimensional moving image of a heart is
produced in real time as described briefly below.

[0008] In this technique, a signal of an electrocardiogram,
i.e., an ECG signal is used as a signal synchronous with
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motion of a heart. More specifically, an R-wave signal, which
appears at the end of a diastolic period, is used as an ECG
trigger signal.

[0009] A three-dimensional full volume of a heart under
examination is divided into, for example, four sub volumes,
and image data of one heartbeat is captured in synchroniza-
tion with the ECG trigger signal for each sub volume. Note
that the image data of one heartbeat includes a plurality of
frames of images. For example, 20 frames of images of one
sub volume are obtained by repeatedly scanning the sub vol-
ume 20 times for one heartbeat (during one interval of the
ECG trigger signal). In this case, if the repetition period of the
heartbeat is assumed to be one second, the image data of each
sub volume is obtained at a frame rate of 20 fps, which is
reasonably high to obtain a moving image representing
motion of a heart.

[0010] The plurality of frames of image data obtained for
each sub volume are connected to obtain a full volume of
image data as follows. That is, frame images that are same in
“time phase” are extracted from the plurality of fame images
of sub volumes and are connected together so as to obtain a
frame image of the full volume. The “time phase” refers to a
delay with respect to a time at which an ECG trigger signal is
generated. The motion associated with contraction and relax-
ation of the heart normally has periodicity synchronous with
the ECG trigger signal. Therefore, by extracting frame
images which are equal in the time phase from the respective
sub volumes and connecting the extracted frame images, it is
possible to obtain good spatial continuity between the sub
volumes. In practice, successive “time phase numbers” are
assigned to frame images in scanning order from one closest
to an ECG trigger signal, and an image of a full volume is
synthesized by connecting frame images having an equal
time phase number. For example, in a case where the full
volume is divided into four sub volumes A, B, C, and D and
each sub volume is scanned repeatedly 20 times, a total of
twenty frame images with time phase numbers of 0 to 19 are
obtained for each sub volume. Frame images with each equal
time phase number are extracted from the sub volumes A, B,
C, and D and the extracted frame images are connected
together thereby obtaining a synthesized image of the full
volume corresponding to the time phase number. The com-
bining of frame images is performed for each of the time
phase numbers so as to obtain synthesized full volume images
with time phase numbers from 0 to 19. Thus, a total of twenty
synthesized full volume frame images are obtained for each
ECG trigger signal. Note that the frame rate of the full volume
images is equal to that of the sub volume images. Thus, for
example, a full volume moving image with a frame rate of 20
fps is obtained.

[0011] As described above, in the conventional technique
disclosed in U.S. Pat. No. 6,544,175, each sub volume is
scanned a plurality of times in response to each ECG trigger
signal. In the repeatedly performed scanning operation
described above, in general, the sub volumes are scanned
while changing the transmission direction of the ultrasonic
beam from one transmission pulse to another. Thus, in gen-
eral, the time needed for each scanning (hereafter, referred to
as a scan repetition period (the reciprocal thereof corresponds
to the frame rate of the sub volumes)) is determined by the
product of the pulse repetition period of the transmission
pulse and the number of beam positions of the transmission
ultrasonic beam.
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[0012] Of these parameters, the pulse repetition period is
limited by the maximum diagnosis distance of a part to be
examined (the depth of the part to be examined). If the pulse
repetition period is too short, the maximum detectable depth
becomes small. Conversely, if the pulse repetition period is
too long, the scan repetition period of each sub volume
becomes long and the frame rate decreases, which results in a
reduction in time resolution of the moving image.

[0013] Inview of the above, in general, the pulse repetition
period is set to a constant value that allows the frame rate to
become as high as possible within a range that allows the
required maximum diagnostic distance to be achieved, and
the transmission beam position is changed every pulse rep-
etition period set to the constant value.

[0014] Onthe other hand, the number of transmission beam
positions in the sub volume is determined by the area size of
the sub volume, i.e., the scanning range of the sub volume.
When the number of sub volumes into which the full volume
is divided is constant, the area size of one sub volume is
determined by the area size of the full volume and thus the
number of transmission beam positions is determined by the
area size of the full volume, which is nearly equal to the area
size of the part to be examined for diagnosis.

[0015] Thepulse repetition period and the number of trans-
mission beam positions are determined by the depth and the
area size of the part to be examined for diagnosis in the
above-described manner, and thus the repletion scanning
period is determined. Therefore, when the depth and the area
size of the part to be examined are fixed, the scan repetition
period is allowed to be set to a constant value. Thus, in the
conventional technique, the scan repetition period is set to a
constant value.

[0016] Incidentally, as described above, the repetitive scan-
ning operation of one sub volume is started in response to an
ECG trigger signal, and the same sub volume is scanned
repeatedly until a next ECG trigger signal comes. If the next
ECG trigger signal comes, the repetitive scanning operation
on a next adjacent sub volume is started, and this sub volume
is scanned repeatedly.

[0017] Therefore, if the interval of the ECG trigger signal,
1.e., the heartbeat period is not equal to an integral multiple of
the predetermined constant scan repetition period, the scan-
ning operation in a period immediately before the arrival of an
ECG trigger signal is aborted before the scanning in that
period is completed. As a result, the image acquired in this
repetition period is incomplete and useless, and thus the
obtained image is discarded without being used. This causes
a reduction in the efficiency of using the acquired data.
Besides, it becomes impossible to obtain a heart image in the
state immediately before the ECG trigger signal.

[0018] The above mentioned problems arise not only for
the case where the full volume is divided into the sub volumes
but also for the case where the full volume is scanned without
division into the sub volumes, so long as the ECG trigger
signal is used for a starting signal of the scanning of the sub
volume or the full volume.

[0019] Thus it is desirable to provide an improved tech-
nique to solve the above problem in diagnosis.

SUMMARY OF THE INVENTION

[0020] In view of the above, it is an object of the present
invention to provide an ultrasonic diagnostic apparatus
capable of acquiring whole image data including image data
immediately before an ECG trigger signal without having an
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interrupt in the middle of a scanning operation immediately
before the ECG trigger signal thereby allowing the acquired
data to be used in a highly efficient manner, and a method of
controlling such an ultrasonic diagnostic apparatus.

[0021] 1In an aspect of the present invention, there is pro-
vided an ultrasonic diagnostic apparatus including an ultra-
sonic probe configured to output a transmission pulse while
scanning an ultrasonic beam in a main scanning direction and
a sub scanning direction and detect a reflection signal from
the inside of a body under examination, a scan controller
configured to input a trigger signal output every heartbeat
period from the outside, scan the ultrasonic beam such that a
particular diagnostic region of the body under examination is
scanned with the ultrasonic beam a plurality of times for a
period from one trigger signal to a next trigger signal, and
control the scan repetition period by controlling the pulse
repetition period of the transmission pulse, and an image
generation unit configured to generate an image correspond-
ing to each of the scan repetition periods, the scan controller
being configured to determine the pulse repletion period such
that an integral multiple of the scan repetition period is equal
to a reference value determined based on the period of the
trigger signal, and control the pulse repletion period accord-
ing to the determination.

[0022] In an aspect of the present invention, there is pro-
vided a method of controlling an ultrasonic diagnostic appa-
ratus, including the steps of (a) outputting a transmission
pulse while scanning an ultrasonic beam in a main scanning
direction and a sub scanning direction and detecting a reflec-
tion signal from the inside of a body under examination, (b)
inputting a trigger signal output every heartbeat period from
the outside, scanning the ultrasonic beam such that a particu-
lar diagnostic region of the body under examination is
scanned with the ultrasonic beam a plurality of times for a
period from one trigger signal to a next trigger signal, and
controlling the scan repetition period by controlling the pulse
repetition period of the transmission pulse, and (c) generating
animage corresponding to each of the scan repetition periods,
wherein in the step (b), the pulse repletion period is deter-
mined such that an integral multiple of the scan repetition
period is equal to a reference value determined based on the
period of the trigger signal, and the pulse repletion period is
controlled according to the determination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a diagram schematically illustrating a
beam scanning operation of a three-dimensional ultrasonic
diagnostic apparatus;

[0024] FIG. 2 is a block diagram illustrating an example of
a configuration of an ultrasonic diagnostic apparatus accord-
ing to an embodiment of the present invention;

[0025] FIG. 3 is a diagram illustrating a concept of a gen-
eral operation in a triggered three-dimensional diagnosis
mode (for a full volume scanning with dividing into sub
volumes);

[0026] FIG. 4 is a diagram illustrating a concept of a gen-
eral operation in a triggered three-dimensional diagnosis
mode (for a full volume scanning without dividing into sub
volumes);

[0027] FIG. 5 is a diagram illustrating a problem in a con-
ventional triggered three-dimensional diagnosis mode;
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[0028] FIG. 6 is a diagram illustrating a concept of an
operation of an ultrasonic diagnostic apparatus in a triggered
three-dimensional diagnosis mode according to an embodi-
ment of the present invention;

[0029] FIG. 7 is a flow chart illustrating an example of a
method (first method) of adjusting a scan repetition period;
[0030] FIG. 8A is a diagram illustrating a concept of scan-
ning in a preliminary scanning mode, and FIG. 8B is a dia-
gram illustrating a concept of switching into a triggered three-
dimensional diagnosis mode;

[0031] FIG.9is a diagram illustrating a process of adjust-
ing a scan repetition period according to a first method;
[0032] FIGS.10A and 10B are diagrams illustrating a con-
cept of adjusting a pulse repetition period in a scan repetition
period according to a first method,

[0033] FIGS.11A and 11B are diagrams illustrating a rela-
tionship between a heart rate and an adjusted scan repetition
period for examples of parameter values;

[0034] FIG. 12 is a flow chart illustrating an example of a
method (second method) of adjusting a scan repetition
period;

[0035] FIG.13 is adiagram illustrating a process of adjust-
ing a scan repetition period according to a second method,
and

[0036] FIG. 14 is a flow chart illustrating an example of a
method (third method) of adjusting a scan repetition period.

DESCRIPTION OF THE EMBODIMENTS

[0037] Embodiments of an ultrasonic diagnostic apparatus
and a control method thereof according to the present inven-
tion are described below with reference to the accompanying
drawings.

(1) General Configuration

[0038] FIG. 1 is a diagram schematically illustrating an
ultrasonic beam scanning operation of an ultrasonic diagnos-
tic apparatus 1 according to an embodiment of the present
invention. The ultrasonic diagnostic apparatus 1 generates a
fine ultrasonic beam using an ultrasonic probe 10 including a
two-dimensional array of ultrasonic oscillators 11. The gen-
erated ultrasonic beam is directed to a target part of a body
under examination while being electrically deflected so that
the part under examination is scanned by the ultrasonic beam
in a main scanning direction and a sub scanning direction.
From a reflection signal from the part under examination,
three-dimensional information in terms of the main scanning
direction, the sub scanning direction, and the distance is
obtained.

[0039] Inaconventional one-dimensional ultrasonic probe,
ultrasonic oscillators are arranged in the form ofa one-dimen-
sional array and scanning is performed in a two-dimensional
range, i.e. a plane. In contrast, in the two-dimensional ultra-
sonic probe 10 according to the present embodiment of the
invention, scanning is performed in a three-dimensional
range, i.e. a volume. Furthermore, because the ultrasonic
beam used in the scanning has a small beam width, it is
possible to obtain three-dimensional information with high
resolution over a large region. From the obtained three-di-
mensional information, it is possible to produce a three-di-
mensional image viewed from an arbitrary direction or an
image of an arbitrary cross section thereof.

[0040] However, because the ultrasonic beam is scanned in
both directions, i.e., in the main scanning direction and the
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sub scanning direction, the number of beam positions in the
whole region under examination (the full volume) is much
greater than that in the case in which the beam is scanned in a
plane. Therefore, if the scanning is simply performed sequen-
tially from a start point to an end point in the full volume, it
takes a long time to completely scan the full volume, and thus
the frame rate of the image of the full volume becomes low.

[0041] Inthe ultrasonic diagnostic apparatus 1 according to
the present embodiment of the invention, to solve the above
problem, as described above, the full volume is divided into a
plurality of sub volumes (four sub volumes, for example) and
each sub volume is scanned at a high frame rate (20 fps, for
example). Frame images obtained for the respective sub vol-
umes are connected so as to obtain a synthesized frame image
of the full volume. The resultant image of the full volume has
ahigh frame rate (20 fps, for example) equal to that of the sub
volumes, and thus it is possible to produce a three-dimen-
sional moving image in real time for even a moving region
such as a heart under examination for diagnosis.

[0042] FIG. 2 is a block diagram illustrating an example of
a configuration of the ultrasonic diagnostic apparatus 1. The
ultrasonic diagnostic apparatus 1includes an ultrasonic probe
10, a transmitting/receiving unit 20, a signal processing unit
30, an image generation unit 40, a display unit 50, a system
controller 60, a scan controller 70, and an operation unit 80.

[0043] The ultrasonic probe 10 has a plurality of ultrasonic
oscillators 11 arranged in the form of an array thereby to
generate an ultrasonic pulse in accordance with a transmis-
sion pulse signal output from a transmitting part 21 of the
transmitting/receiving unit 20 so that the generated ultrasonic
pulse is transmitted toward a body under examination. If the
ultrasonic probe 10 receives an ultrasonic reflection signal
reflected from the body under examination, the ultrasonic
probe 10 converts it into an electric signal and supplies the
resultant electric signal to a receiving part 22 of the transmit-
ting/receiving unit 20. In accordance with a beam scanning
control signal output from the scan controller 70, the vltra-
sonic probe 10 scans the ultrasonic beam in the main scanning
direction and the sub scanning direction.

[0044] The transmitting part 21 of the transmitting/receiv-
ing unit 20 generates the transmission pulse to be supplied to
each ultrasonic oscillator 11 in accordance with a timing
signal or the like generated by the scan controller 70. Further-
more, in accordance with the beam scanning control signal
generated by the scan controller 70, the transmitting part 21 of
the transmitting/receiving unit 20 sets a delay for each trans-
mission pulse so as to define the scanning direction of the
transmission ultrasonic beam.

[0045] If the reflection signal from the body under exami-
nation is supplied from each ultrasonic oscillator 11 to the
receiving part 22 of the transmitting/receiving unit 20, the
receiving part 22 of the transmitting/receiving unit 20 ampli-
fies the received reflection signal and converts it from analog
form into digital form. Furthermore, based on the beam scan-
ning control signal generated by the scan controller 70, the
receiving part 22 of the transmitting/receiving unit 20 sets a
delay for the reflection signal of each ultrasonic oscillator 11
so as to determine the scanning direction of the received
ultrasonic beam, and the receiving part 22 of the transmitting/
receiving unit 20 adds the delay to each reflection signal. The
resultant signal is supplied as a reflection signal of the beam
to the signal processing unit 30.

[0046] The signal processing unit 30 performs signal pro-
cessing such as a filtering process on the reflection signal
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supplied from the receiving part 22 and outputs the resultant
signal to the image generation unit 40.

[0047] The image generation unit 40 generates three-di-
mensional image data from the reflection signal correspond-
ing to the beam scanning position. Note that in the present
embodiment, the ultrasonic diagnostic apparatus 1 generates
image data for each of the sub volumes and produces synthe-
sized three-dimensional image data of the full volume from
images of the respective sub volumes. The process of produc-
ing the synthesized three-dimensional image data is per-
formed in conjunction with the operation of the scan control-
ler 70 as will be described in detail later.

[0048] The image generation unit 40 performs processing
such as a rendering process on the synthesized three-dimen-
sional image data of the full volume thereby to generate a
three-dimensional image viewed in a specified arbitrary
direction or an image of a specified arbitrary section thereof.
The generated image data is output to the display unit 70. The
three-dimensional image data may be provided in the form of
a moving image that is updated every frame time, for
example, at 20 fps. The moving image data can be output in
real time to the display unit 70 during diagnosis. The image
data may be stored in a memory, and the moving image may
be output in an off-line mode after diagnosis, or a still image
extracted from the moving image may be output.

[0049] The display unit 70 is a display device such as a
liquid crystal display configured to display the image output
from the image generation unit 40 and various kinds of
parameters for use in diagnosis.

[0050] The operation unit 80 is a man-machine interface
that allows a user to set various diagnosis modes of the ultra-
sonic diagnostic apparatus 1 and various parameters associ-
ated with the respective diagnosis modes. In the present
embodiment, the ultrasonic diagnostic apparatus 1 has a diag-
nosis mode in which motion of a beating heart can be dis-
played in the form of a three-dimensional moving image in
synchronization with the ECG trigger signal (hereinafter,
referred to as a triggered three-dimensional diagnosis mode).
The ultrasonic diagnostic apparatus 1 is also operable in a
conventional two-dimensional diagnosis mode. The setting
as to the respective diagnosis modes and switching between
them are performed via the operation unit 80.

[0051] The system controller 60 controls the whole ultra-
sonic diagnostic apparatus 1 inaccordance with the diagnosis
mode and various parameters set via the operation unit 80.

[0052] The scan controller 70 performs beam management
on the ultrasonic beam and transmission/reception time man-
agement depending on the diagnosis mode. More specifically,
in the triggered three-dimensional diagnosis mode, the scan
controller 70 generates an ECG trigger signal (trigger signal)
from an ECG signal (R wave) output from an electrocardio-
graph 100 and determines the beam scanning position (the
main scanning direction and the sub scanning direction) for
each sub volume in synchronization with the trigger signal
and also determines various parameters associated with the
repetitive scanning operation in the sub volume. The signals
and the parameters are supplied to the transmitting/receiving
unit 20 or the image generation unit 40. Furthermore, the scan
controller 70 determines the various parameters associated
with the transmission pulse such as the pulse repetition fre-
quency of the ultrasonic beam and generates various timing
signals based on the parameters of the transmission pulse.
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(2) Operation in Triggered Three-Dimensional Diagnosis
Mode

[0053] Theoperation of the ultrasonic diagnostic apparatus
1 configured in the above-described manner is described
below, in particular, on the operation in the triggered three-
dimensional diagnosis mode.

[0054] FIG. 3illustrates the principle of the operation in the
triggered three-dimensional diagnosis mode disclosed, for
example, in U.S. Pat. No. 6,544,175. The triggered three-
dimensional diagnosis mode is used mainly in diagnosis of a
heart. In the triggered three-dimensional diagnosis mode,
motion of a beating heart can be displayed as a three-dimen-
sional moving image. In the triggered three-dimensional
diagnosis mode, an ECG signal varying depending on the
beat of aheart of a patient is input from the electrocardiograph
100, and a pulse signal called the ECG trigger signal is gen-
erated from the input ECG signal. As for the ECG signal, an
R wave signal (see (a) in FIG. 3) having a form of a pulse that
is output in an end period of diastole is generally used. The
ECG signal is input to the scan controller 70. The scan con-
troller 70 generates the ECC trigger signal by applying a
properly determined threshold value to the input ECG signal
(see (b) in FIG. 3). The ECG trigger signal is a signal syn-
chronous with beating of a heart. When the heart beats 60
times every minute, the ECG trigger signal has a repetition
period of 1 second.

[0055] Inthe triggered three-dimensional diagnosis mode,
the whole diagnosis region (full volume) is divided into a
plurality of sub volumes (blocks) and the sub volumes are
sequentially scanned in response to one ECG trigger signal.
For example, as shown in (f) of FIG. 3, the full volume is
divided into four sub volumes A, B, C, and D, and the sub
volumes are scanned sequentially in the order A, B, C, D in
response to ECG trigger signals 0, 1, 2, and 3.

[0056] Each sub volume is scanned not once but a plurality
of times (N times). In the example shown in FIG. 3, the
scanning is performed 4 times (N=4). The scanning time T
needed to scan each sub volume once corresponds to the
frame time (the reciprocal of the frame rate) of a moving
image as described in further detail later, and thus, to obtain a
smooth moving image, it is desirable that the scanning time T
be about 50 ms (=V20 fps) or smaller. If it is assumed that the
repetition period of the ECG trigger signal is 1 second and the
unit scanning time is 50 ms, then the number of repetitions of
scanning for each sub volume becomes 20 (N=20). In the
example shown in FIG. 3, for the purpose of simplicity of
explanation, the number of repetitions of scanning for each
sub volume is assumed to be 4 (N=4).

[0057] When the same sub volume is being scanned repeat-
edly, the heart periodically beats, and thus image data gener-
ated during the repetitive scanning process is different
depending on the time phase, 1.e., the delay with respect to the
BCG trigger.

[0058] In (c) of FIG. 3, time phases are defined for the
respective scan repetition periods and time phase numbers are
assigned to the respective time phases in the order “0”, “17,
“27, “3” starting from the time phase closest to the ECG
trigger signal. In (¢) of FIG. 3, each of the scanning periods of
the sub volumes are identified by a combination of a phase
number (one of 07, *“17,“2”, and “3”") and a sub volume name
(one of “A”, “B”, “C”, and “D”) such as “A0” to “A3”, “B0”
to “B3”, “C0” to “C3”, and “D0” to “D3”, and the scanning
periods are arranged in the order in which they are scanned
with the ultrasonic beam.
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[0059] The signal processing unit 30 performs signal pro-
cessing on the reflection signal received from the body under
examination and outputs, in real time, the resultant reflection
signal to the image generation unit 40 in the order correspond-
ing to the scanning order.

[0060] In (e) of FIG. 3, a manner of synthesizing a full
volume in a process performed by the image generation unit
40 is shown. The image generation unit 40 extracts data with
an equal time phase number from the data of the sub volumes
identified by the time phase numbers, and connects the data
corresponding to the sub volumes A, B, C, and D so as to
obtain synthesized data of the full volume. Note that even for
sub volume data having an equal time phase number, there is
a time difference corresponding to one period of the ECG
trigger signal between adjacent sub volumes. However, the
change in shape of the heart can be regarded as having the
same periodicity as that of the ECG trigger signal, and thus
the full volume image obtained by connecting the sub vol-
umes with the same time phase number has good spatial
continuity.

[0061] At atime when data of the sub volume “D0” corre-
sponding to the time phase number “0” is acquired, data of the
sub volumes “A0”, “B0”, and “C0” has already been
acquired. Thus, at this point of time, the full volume image
corresponding to the time phase number “0” is generated.
[0062] At a time when next data of the sub volume “D1”
corresponding to the time phase number “1” is acquired, data
of the sub volumes “A1”, “B1”, and “C1” has already been
acquired. Thus, at this point of time, the full volume image
corresponding to the time phase number “1” is generated.
Subsequently, full volume images for time phase numbers 2
and 3 are generated in a similar manner.

[0063] If the scanning “D3” for the sub volume D is com-
pleted, the scanning is repeated from the sub volume A. In this
case, the data “A0” obtained in this scanning operation
replaces the full volume data “A0” with the time phase num-
ber “0” generated in the previous scanning, and thus the full
volume image with the time phase number “0” is updated.
[0064] As described above, the full volume image is gen-
erated and updated every one scanning period of each sub
volume (hereinafter referred to as a scan repetition period
TSV) .

[0065] The technique described above allows the obtained
image to be seemed as if the whole full volume were scanned
every one scanning period of one sub volume although the
actual scanning time for the whole full volume is longer. That
is, it is possible to obtain a full volume image updated at a
frame rate that is apparently, but not actually, equal to the
frame rate of sub volumes.

[0066] For example, when the highest possible frame rate
of the full volume is limited to 5 fps due to a limitation on the
scanning time, if the full volume is divided into four sub
volumes, it is allowed to scan each sub volume in a scanning
period thatis one-fourth the scanning time for the full volume,
and thus the frame rate of sub volume image becomes 20 fps
thatis 4 times greater than that of the full volume image. In the
triggered three-dimensional diagnosis mode, the frame rate
of the full volume image is equal to the frame rate of the sub
volume image, and thus it is possible to achieve the frame rate
as high as 4 times the frame rate achieved in the conventional
technique.

[0067] As described above, in the triggered three-dimen-
sional diagnosis mode, it is possible to obtain a high-resolu-
tion image with a high frame rate for a great three-dimen-
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sional diagnostic region, and thus it is possible to generate a
real-time moving image for a moving diagnostic object such
as a heart.

[0068] However, in the conventional triggered three-di-
mensional diagnosis mode, as described above, the scan rep-
etition period is set to a predetermined fixed value. Therefore,
if the interval of the ECG trigger signal, i.e., the heartbeat
period T 1s not equal to an integral multiple of the prede-
termined constant scan repetition period, the scanning opera-
tion in a repetition period immediately before the arrival of an
BCG trigger signal is aborted in the middle of that period.
[0069] If the scanning time for the full volume can be
decreased by, for example, increasing the number of beams
which are capable of receiving signals simultaneously from
different positions, a sufficiently high frame rate can be
obtained without dividing the full volume into a plurality of
the sub volume. In FIG. 4, a full volume A is scanned without
dividing into sub volumes, while using the ECG trigger sig-
nal, is illustrated. Even in this case, the same problem also
arises. That is, when the heartbeat period Ty is not equal to
an integral multiple of the predetermined constant scan rep-
etition period, the scanning operation in a repetition period
immediately before the arrival of an ECG trigger signal is
aborted in the middle of that period.

[0070] With reference to FIG. 5, the problem described
above is described in further detail below. In the following
descriptions, the case where the sub volume is scanned is
taken as an example; however, the case where the full volume
is scanned without dividing into the sub volumes is not
excluded.

[0071] InFIG. 5, (a) illustrates an ECG trigger signal with
a repetition period equal to a heartbeat period T In FIG.
5, (b) illustrates a manner in which the sub volume A is
scanned repeatedly. In this example, the sub volume A is to be
scanned with a constant period T, (hereinafter, referred to
as an initial scan repetition period Tgy,) 20 times (from time
phase number 0 to time phase number 19).

[0072] However, the heartbeat period T ., is not necessar-
ily equal to an integral multiple of the initial scan repetition
period T, Therefore, a next ECG trigger signal (trigger 1)
comes a remaining time T, before the end of the last scan
repetition period (time phase number 19). In response to the
arrival of the ECGtrigger signal (trigger 1) the scanning of the
sub volume A is stopped and scanning of the sub volume B is
started (see (c) in FIG. 5). As a result, the data of the period
with the time phase number 19 is incomplete, and it cannot be
used in synthesis of the full volume image.

[0073] Inthe ultrasonic diagnostic apparatus 1according to
the present embodiment, to avoid the above problem, the scan
repetition period is not fixed, but a variable scan repetition
period T,;-1s employed. More specifically, the scan repetition
period Ty, is determined so that an integral multiple of the
scan repetition period Ty, is equal to the heartbeat period
Trco, and the operation in the triggered three-dimensional
diagnosis mode is performed using the scan repetition period
Ty, instead of the initial scan repetition period Tg-

[0074] The basic concept of this technique is described in
further detail below with reference to FIG. 6. In FIG. 6, (b)
illustrates a scanning operation using the unadjusted initial
scan repetition period T;,,, while (c) illustrates a scanning
operation using an adjusted scan repetition period Ty
[0075] In the scanning operation using the adjusted scan
repetition period T, because the scan repetition period T,
is adjusted so as to be equal to an integral multiple of the
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heartbeat period T, scanning is performed completely for
all scanning periods from the time phase number 0 to the time
phase number 18 without having an incomplete scanning
period. Thus, it is possible to acquire complete data associ-
ated with motion of the heart even in the period immediately
before the trigger 1. A method of adjusting the scan repetition
period is described in further detail below.

(3) Adjusting of Scan Repetition Period (According to First
Method)

[0076] FIG. 7 is a flow chart illustrating an example of a
process of adjusting the scan repetition period according to a
first method, and FIG. 9 illustrates a manner in which this
process is performed. Note that the process is performed
mainly by the scan controller 70. In this first method, the scan
repetition period T, is adjusted by equally changing the
pulse repetition period T, of transmission pulses in the scan
repetition period T, Note that the pulse repetition period T,
is the reciprocal of the pulse repetition frequency.

[0077] Intheultrasonic diagnostic apparatus 1 according to
the present embodiment, before the operation enters the trig-
gered three-dimensional diagnosis mode, two-dimensional
scanning is performed in a preliminary scanning mode (step
STI).

[0078] FIG.8A illustrates an example of a manner in which
two-dimensional scanning is performed in the preliminary
scanning mode. In the preliminary scanning mode, the ultra-
sonic beam is scanned alternately in two planes perpendicular
to each other, and two images obtained from the respective
scanning planes are displayed on the display unit 50. The
main purpose of the preliminary scanning mode is position-
ing of the ultrasonic probe 10. That is, based on the two
images obtained in the preliminary scanning mode, it is
checked whether the ultrasonic probe 10 is in a proper posi-
tion with respect to a part of a body to be examined in the
triggered three-dimensional diagnosis mode. In the prelimi-
nary scanning mode, the scanning is performed only for the
two planes, and thus the scanning time for the whole range is
very short compared with the scanning time (three-dimen-
sional scanning time) in the triggered three-dimensional diag-
nosis mode. Therefore, a high frame rate is possible in the
preliminary scanning mode. The high frame rate makes it
possibleto easily find a part to be examined while moving the
ultrasonic probe 10.

[0079] In the preliminary scanning mode, an ECG trigger
signal is also input (step ST5 in FIG. 7) and the repetition
period of the ECG trigger signal (the heartbeat period T, ')
is detected (step ST6). The detected heartbeat period T .;' is
multiplied by a factor K (K=1), and the reference value of the
ECG trigger period T (i.e., the reference value based on
the period of the trigger signal), based on which to change
parameters including the scan repetition period T, is deter-
mined (step ST7). The factor K is a margin factor to handle a
change in the heartbeat period and is preferably set to about
0.9.Inthe following description, for the purpose of simplicity
of explanation, it is assumed that K=1. That is, the term
“heartbeat period Tr.;" is used without distinguishing
between the heartbeat period T ;' and the reference value of
the ECG trigger period T

[0080] During the operation in the preliminary scanning
mode, ifa command to switch the operation into the triggered
three-dimensional diagnostic mode is input via the operation
unit 80 (step ST2), initial values are read from a memory (step
ST3). The initial values read in step ST3 include, for example,
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an initial pulse repetition period T, (or initial PRFo), the
number of transmission positions N, etc.

[0081] The initial pulse repetition period T, is a value
predetermined depending on the depth of the part to be exam-
ined for diagnosis. For example, the initial pulse repetition
period T, is set such that T ,,=200 ps (P, -~,=5000 Hz).
[0082] The number of transmission beam positions N is a
value predetermined depending on the area size of the part to
be examined for diagnosis. For example, the number of trans-
mission beam positions Ny is set such that N;=261 (29 lines
in the main scanning direction (AZ direction) and 9 lines in
the sub scanning direction (EL direction)).

[0083] Next, the initial scan repetition period T, and the
scan repetition rate, which is the reciprocal of the initial scan
repetition period, are calculated (step ST4). The scan repeti-
tion rate is substantially equal to the frame rate of the moving
image. Hereinafter, the reciprocal of the scan repetition
period T, is referred to as the frame rate FR g, and the initial
value thereof is referred to as the initial frame rate FR ;.
[0084] The initial scan repetition period T gy, can be deter-
mined according to the following equation (see (b)in FIG. 9):

Tsyo=Tpo*Np

Substituting the values described above into this equation
vields the initial scan repetition period Tg,, as
Topo=T po*N5=200 us*261=52.2 ms. Furthermore, the ini-
tial frame rate FR;,, is calculated as FR ¢, ,=1/T,,,=1/52.2
ms=19.2 fps.

[0085] Next, a calculation is performed to determine the
number of repetitions of scanning N that allows data to be
completely acquired without yielding incomplete data for the
heartbeat period Tx; calculated from the heart rate detected
in the preliminary scanning mode (step ST8). More specifi-
cally, the number of repetitions of scanning N is calculated,
for example, as N=int(T ../T s;,0), where int( ) is an operator
that yields an integer by rounding off a given value.

[0086] In the examples shown in (b) and (c) in FIG. 6 and
(a) and (c) in FIG. 9, the number of repetitions of scanning N
is determined as 19 (corresponding to time phase numbers 0
to 18) by performing the above-described calculation.
[0087] In next step ST9, the scan repetition period T, is
determined such that T g, 1s equally distributed over the whole
heartbeat period T,; without yielding an incomplete period
or a remaining period. The scan repetition period T, can be
calculated, for example, according to an equation:

Tsy=Tgco/N.

The adjusted scan repetition period T, used in (c) of FIG. 6
or (¢) of FIG. 9 is determined by performing the calculation
described above.

[0088] 1In step ST10, the scan repetition period Ty, is
divided by the number of transmission beam positions N
thereby determining the transmission pulse repetition period
Tpequally distributed over the scan repetition period T, The
transmission pulse repetition period T, can be determined
according to an equation (see (d) of FIG. 9):

Tp=Tsp/Np.

[0089] Finally, the scanning in the triggered three-dimen-
sional diagnosis mode is started using the parameters deter-
mined in steps ST8 to ST19, i.e., the number of repetitions of
scanning N, the scan repetition period T, the transmission
pulse repetition period T, etc. (step ST11).

[0090] Inacasewhere the heart rate is measured as 74 bpm
(beats per minute) in the preliminary scanning mode, the
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heartbeat period Ty is determined as about 810 ms by
calculating the reciprocal of the heart rate (steps ST6 and
ST7). On the other hand, as described above, the initial scan
repetition period Ty, is given as Tgp,,=T,,*Nz=200
ums*261=52.2 ms.

[0091] If these values are applied to the integral number
calculation process in step ST8, then the number of repeti-
tions of scanning is calculated as N=int(T zr-o/ T 50 =int(810
ms/52.2 ms)=15.

[0092] In this case, the adjusted scan repetition period T,
is determined as about 53.8 ms. Thus, a remaining period of
about 3 ms (810 ms-15%53.8 ms=3 ms) occurs in the heart-
beat period 810 ms. On the other hand, the frame rate FR;-is
determined as about 18.5 fps, and PRF is determined as 4844
Hz (the pulse repetition period T is equal to about 206 ps).
[0093] On the other hand, in a case where the scan repeti-
tion period is not adjusted and the initial parameters are
maintained, the initial scan repetition period T, is about
52.2 ms, and thus a remaining period of about 27 ms (810
ms-15%52.2 ms=27 ms) occurs in the heartbeat period 810
ms. In this case, the frame rate FR,, is about 19.2 fps, and
PRF is 5000 Hz (the pulse repetition period T, is 200 ps).
[0094] As described above, in the ultrasonic diagnostic
apparatus 1 according to the present embodiment of the
invention, by adjusting the scan repetition period T, it is
possible to greatly reduce the remaining period, in which
useful data is not obtained, immediately before the ECG
trigger signal, for example, from about 27 ms to about 3 ms.

[0095] Inthe process of determining the integral number in
step ST8, the integral number may be determined by rounding
up instead of rounding off. However, rounding up yields an
adjusted scan repetition period shorter than the initial value,
and thus the adjusted pulse repetition period also becomes
shorter than its initial value. The reduction in the pulse rep-
etition period causes a reduction in the depth of the part under
examination for diagnosis compared with the targeted value
(initial value).

[0096] Instep ST8, in view of the above, the integral num-
ber is determined by rounding off, and the scan repetition
period is adjusted to be longer than its initial value. Accord-
ingly, the pulse repetition period is adjusted to be longer than
its initial value. As a result, the adjusted pulse repetition
period allows the depth of the part under examination to be
greater than is allowed by the initial value, and thus it is
ensured to acquire data at the targeted depth.

[0097] FIGS.10A and 10B schematically illustrate a man-
ner in which the above-described process is performed. FIG.
10A illustrates a state in which the parameters are not
adjusted, and thus the scan repetition period Ty, 1s about
52.2 ms and the pulse repetition period T, is about 200 ys.
FIG. 10B illustrates a state in which the scan repetition period
T, is adjusted to about 53.8 ms and the pulse repetition
period T, is adjusted about 206 ps. As a result of the increase
in the pulse repetition period T from the initial value of 200
us to about 206 s, the examinable depth is increased by an
amount corresponding to a shaded region in FIG. 10B.
[0098] In the example shown in FIG. 10B, the heart rate is
74 bpm, and the scan repetition period T ¢;-1s adjusted to about
53.8 ms. FIGS. 11A and 11B illustrate examples of values of
the scan repetition period T, adjusted for different heart
rates.

[0099] FIG. 11A illustrates an example in which the scan
repetition period T, is adjusted to about 55.5 ms for a heart
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rate of 72 bpm. In this case, the PRF is about 4699 Hz and the
pulse repetition period T is about 213 us.

[0100] In the example shown in FIG. 11B, the scan repeti-
tion period T ;- is adjusted to about 52.6 ms for a heart rate of
76 bpm. In this case, the PRF is about 4960 Hz and the pulse
repetition period T is about 202 ps.

[0101] For any heart rate, the pulse repetition period Tp is
longer than the initial value, i.e., 200 ps.

(4) Adjusting of Scan Repetition Period (According to Sec-
ond Method)

[0102] FIG. 12 is a flow chart illustrating an example of a
method (second method) of adjusting the scan repetition
period, and FIG. 13 illustrates a manner in which this process
is performed. In this method, steps ST100 and ST111 at the
end of the process are different from those of the process
according to the first method described above with reference
to the flow chart shown in FIG. 7. However, the other steps are
similar to those of the first method.

[0103] Inthe first method described above, the scan repeti-
tion period T, is adjusted by equally changing the pulse
repetition period T,. In the second method, in contrast to the
first method, the pulse repetition period T is changed only for
some transmission pulses, and the pulse repetition period is
maintained at the initial value for the other transmission
pulses whereby the scan repetition period T, is adjusted.

[0104] In the simplest case in the second method, of all
transmission pulses in the scan repetition period T, only the
pulse period of the last transmission pulse is adjusted as the
adjustment transmission pulse period T , and the initial value
To is employed as the pulse repletion period for the other
transmission pulses. The adjustment transmission pulse
period T, is determined in step ST100 in FIG. 12.

[0105] This process is performed as shown in (c) and (d) of
FIG. 13. From the scan repetition period Ty, determined in
step ST9, the adjustment transmission pulse period T, is
calculated as Tp=T¢p~Tspo=Ts;~Tpo*Ng, and this adjust-
ment transmission pulse period T, is employed as the pulse
period for the last transmission pulse.

[0106] Also in this second method, the requirement that the
heartbeat period T, should be substantially equal to an
integral multiple of the scan repetition period T, is satisfied,
and thus it is possible to minimize a useless period immedi-
ately before the ECG trigger signal.

(5) Adjusting of Scan Repetition Period (According to Third
Method)

[0107] FIG. 14 is a flow chart illustrating an example of a
method (third method) of adjusting the scan repetition period.
In the first and second methods described above, when amode
change command is issued, the triggered three-dimensional
diagnosis mode is automatically started based on the calcu-
lated diagnostic parameters (the scan repetition period Ty,
the pulse repetition period T, etc.).

[0108] Incontrast, in the third method, the calculated diag-
nostic parameters are once displayed on the display unit 50
(step ST201) to allow a user to check the diagnostic param-
eters. The user then inputs acommand to change the operation
into the triggered three-dimensional diagnosis mode via the
operation unit 80. A determination as to whether the mode
change command has been input is performed in step ST202.



US 2009/0156937 A1l

[0109] The frame rate FRg, is one of important diagnostic
parameters, and the process of this third method includes a
step (ST200) in which the frame rate FR, is calculated.
[0110] Inthe third method, because the operation enters the
triggered three-dimensional diagnosis mode after the user
checks the calculated diagnostic parameters, it is possible to
perform diagnosis in a highly reliable manner.

[0111] In the ultrasonic diagnostic apparatus 1 and the
method thereof according to the embodiments of the inven-
tion, as described above, it is possible to prevent the scanning
operation from being aborted in a period immediately before
the ECG trigger signal. Thus, an increase in the efficiency of
using the acquired data is achieved, and it is possible to
generate an image in the period immediately before the ECG
trigger.

[0112] Note that the present invention is not limited to
details of the embodiments described above, but many modi-
fications are possible without departing from the spirit and
scope of the present invention. Elements disclosed in the
embodiments described above may be properly combined to
embody the invention in various aspects. One or more ele-
ments may be removed from the configurations disclosed in
the embodiments described above. Elements disclosed in dif-
ferent embodiments may be combined.

What is claimed is:
1. An ultrasonic diagnostic apparatus comprising;
an ultrasonic probe configured to output a transmission
pulse while scanning an ultrasonic beam in a main scan-
ning direction and a sub scanning direction and detect a
reflection signal from the inside of a body under exami-
nation;
ascan controller configured to input a trigger signal output
every heartbeat period from the outside, scan the ultra-
sonic beam such thata particular diagnostic region of the
body under examination is scanned with the ultrasonic
beam a plurality of times for a period from one trigger
signal to a next trigger signal, and control the scan rep-
etition period by controlling the pulse repetition period
of the transmission pulse; and
an image generation unit configured to generate an image
corresponding to each of the scan repetition periods,
the scan controller being configured to determine the pulse
repletion period such that an integral multiple of the scan
repetition period is equal to a reference value determined
based on the period of the trigger signal, and control the
pulse repletion period according to the determination.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the scan controller scans the ultrasonic beam such
that each of a predetermined number of blocks obtained by
dividing the particular diagnostic region of the body under
examination is scanned with the ultrasonic beam a plurality of
times for a period from one trigger signal to a next trigger
signal, and controls the scan repetition period by controlling
the pulse repetition period of the transmission pulse; and
the image generation unit generates the image of the whole
diagnostic region by connecting data acquired as a result
of repetitive scanning of each block in an order corre-
sponding to the order in which the repetitive scanning is
performed.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein the scan controller determines the pulse repetition
period such that the pulse repetition period is equally distrib-
uted over the scan repetition period and controls the pulse
repetition period according to the determination.
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4. The ultrasonic diagnostic apparatus according to claim
3, wherein

the scan controller stores an initial value of the pulse rep-
etition period predetermined depending on the depth of
the body under examination, and

the scan controller determines the pulse repetition period
such that the pulse repetition period is longer than or
equal to the initial value of the pulse repetition period.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein

the scan controller stores an initial value of the pulse rep-
etition period predetermined depending on the depth of
the body under examination, and

the scan controller determines the pulse repetition period
such that, if an integral multiple of the scan repetition
period determined based on the initial value of the pulse
repetition period is not equal to the period of the trigger
signal, then an adjustment transmission pulse is pro-
vided in a part of the scan repetition period and the
period of the adjustment transmission pulse is deter-
mined such that an integral multiple of the scan repeti-
tion period is equal to the period of the trigger signal.

6. The ultrasonic diagnostic apparatus according to claim
5, wherein the adjustment transmission pulse is a single trans-
mission pulse disposed at the end of the scan repetition
period.

7. The ultrasonic diagnostic apparatus according to claim
1, further comprising:

an operation unit configured to allow a user to operate to
start controlling based on the determined pulse repeti-
tion period; and

a display unit configured to display one or more diagnostic
parameters determined based on the determined pulse
repetition period.

8. The ultrasonic diagnostic apparatus according to claim
7, wherein the one or more diagnostic parameters include at
least one of the followings: the scan repetition period or the
scan repetition rate; the number of repetitions of scanning; the
area size of the diagnostic region; the depth of the diagnostic
region; and a data acquisition disabled period.

9. A method of controlling an ultrasonic diagnostic appa-
ratus, comprising the steps of:

(a) outputting a transmission pulse while scanning an ultra-
sonic beam in a main scanning direction and a sub scan-
ning direction and detecting a reflection signal from the
inside of a body under examination;

(b) inputting a trigger signal output every heartbeat period
from the outside, scanning the ultrasonic beam such that
a particular diagnostic region of the body under exami-
nation is scanned with the ultrasonic beam a plurality of
times for a period from one trigger signal to a next
trigger signal, and controlling the scan repetition period
by controlling the pulse repetition period of the trans-
mission pulse; and

(c) generating an image corresponding to each of the scan
repetition periods,

wherein in the step (b), the pulse repletion period is deter-
mined such that an integral multiple of the scan repeti-
tion period is equal to a reference value determined
based on the period of the trigger signal, and the pulse
repletion period is controlled according to the determi-
nation.

10. The method of controlling the ultrasonic diagnostic

apparatus according to claim 9, wherein in the step (b), each
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of a predetermined number of blocks obtained by dividing the
particular diagnostic region of the body under examination is
scanned with the ultrasonic beam a plurality of times for a
period from one trigger signal to a next trigger signal, and the
scan repetition period is controlled by controlling the pulse
repetition period of the transmission pulse; and

in the step (c), the image of the whole diagnostic region is

generated by connecting data acquired as a result of
repetitive scanning of each block inan order correspond-
ing to the order in which the repetitive scanning is pet-
formed.

11. The method of controlling the ultrasonic diagnostic
apparatus according to claim 9, wherein in the step (b), the
pulse repetition period is determined such that the pulse rep-
etition period is equally distributed over the scan repetition
period, and the pulse repetition period is controlled according
to the determination.

12. The method of controlling the ultrasonic diagnostic
apparatus according to claim 11, wherein in the step (b), an
initial value of the pulse repetition period predetermined
depending on the depth of the body under examination is
stored, and the pulse repetition period is determined such that
the pulse repetition period is longer than or equal to the initial
value of the pulse repetition period.

13. The method of controlling the ultrasonic diagnostic
apparatus according to claim 9, wherein in the step (b), an
initial value of the pulse repetition period predetermined
depending on the depth of the body under examination is
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stored, and the pulse repetition period is determined such that,
ifanintegral multiple of the scan repetition period determined
based on the initial value of the pulse repetition period is not
equal to the period of the trigger signal, then an adjustment
transmission pulse is provided in a part of the scan repetition
period and the period of the adjustment transmission pulse is
determined such that an integral multiple of the scan repeti-
tion period is equal to the period of the trigger signal.

14. The method of controlling the ultrasonic diagnostic
apparatus according to claim 13, wherein the adjustment
transmission pulse is a single transmission pulse disposed at
the end of the scan repetition period.

15. The method of controlling the ultrasonic diagnostic
apparatus according to claim 9, further comprising the steps
of:

in response to an operation performed by a user, starting

controlling based on the determined pulse repetition
period; and

displaying one or more diagnostic parameters determined

based on the determined pulse repetition period.

16. The method of controlling the ultrasonic diagnostic
apparatus according to claim 15, wherein the one or more
diagnostic parameters include at least one of the followings:
the scan repetition period or the scan repetition rate; the
number of repetitions of scanning; the area size of the diag-
nostic region; the depth of the diagnostic region; and a data
acquisition disabled period.
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