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ULTRASONIC DIAGNOSTIC APPARATUS
AND CONTROLLING METHOD OF
ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and a controlling method of the ultrasonic
diagnostic apparatus that generates a 3D image from a signal
obtained by ultrasonic scanning using an ultrasonic probe.
[0003] 2. Description of the Related Art

[0004] There has been provided a technology called a spa-
tio temporal image correlation (STIC) that calculates a cycle
of fluctuation in time of a subject from the 3D data collected
in an ultrasonic diagnostic apparatus, and uses the calculated
cycle of fluctuation to rearrange and display the data in car-
diac cycles.

[0005] The STIC has been used mainly for obtaining a 3D
image of a fetal heart and, distinctively, may display a move-
ment of a fetal heart in real time without requiring heart-rate
synchronization. The STIC uses a mechanically sweeping
mechanical 4D probe to read periodical changes of the heart
with 4D ultrasound, which is developed for the fetal heart,
and thus detect heart rates of the fetus as cardiac cycles
(which may be called heart rate value). The STIC is a system
which an image is obtained by scanning to the entire heart in
approximately 10 seconds, which volume data are synthe-
sized in accordance with the cardiac cycles, and which a
moving image constructed by images for one cardiac cycle is
established. Since the STIC obtains images of 150 frames in
one second, one scanning operation for 10 seconds save the
data for 1,500 cross-sectional images. On the basis of the
volume data containing approximately 40 cross-sectional
images for each cardiac cycle, a 3D image set is reconfigured.
The 3D image set is moved in series for 4D display.

[0006] An ultrasonic diagnostic apparatus applying the
STIC is disclosed in Japanese Patent Application Publication
No. 2005-74225.

[0007] However, the technology in the past extracts analy-
sis sample data from the entire data contained in the volume
data to estimate the cycles of fluctuation. Thus, when, for
example, the heart of the fetus is scanned, real cardiac cycles
may be different from the estimated cardiac cycles. The rea-
sons for the difference may include that the data extracted as
the analysis sample contains data on the other regions in
addition to the data on the heart and components, such as a
fetal movement and maternal cardiac cycles, excluding the
beats of the fetal heart may mix therein as noise. This may
lower the precision of the peak detection with autocorrelation
or fast Fourier transform (FFT) analysis.

[0008] When correct cardiac cycles are not calculated, the
technology in the past may require capturing the volume data
by performing the 2D scanning (or live scanning) again,
which increases the time required for examination.

SUMMARY OF THE INVENTION

[0009] The present invention was made in consideration of
the aforementioned matters, and it is an object of the present
invention to provide an ultrasonic diagnostic apparatus and a
controlling method of the ultrasonic diagnostic apparatus that
can improve the precision of estimation of cardiac cycles and
generate and display 3D images of a fetal heart more simply.
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[0010] The present invention was made in consideration of
the aforementioned matters, and it is another object of the
present invention to provide an ultrasonic diagnostic appara-
tus and a controlling method of the ultrasonic diagnostic
apparatus that can improve the efficiency of generation of
data of a moving image regarding a fetus.

[0011] To solve the above-described problems, the present
invention provides the ultrasonic diagnostic apparatus com-
prising: a display region setting unit configured to set a dis-
play region for displaying a 3D image; a transmitting/receiv-
ing unit configured to transmit and receive ultrasound waves;
a first generating unit configured to control the transmitting/
receiving unit to perform a 3D scanning on the display region,
and generate volume data; an analysis region setting unit
configured to, on the basis of the volume data, set an analysis
region to be used for calculation of a cycle of fluctuation over
time; an analyzing unit configured to, on the basis of the data
on the analysis region contained in the volume data, analyze
a fluctuations in signal intensity over time; a calculating unit
configured to, on the basis of the analysis result, detect a peak
point of power, and calculate a cardiac cycle; a second gen-
erating unit configured to, on the basis of the cardiac cycle and
the volume data, generate data set constructed by data with
substantially equal cardiac cycle, and generate data sets cor-
responding to a plurality of cardiac cycles; and a display unit
configured to perform a rendering processing on each data set
of'the data sets into a 3D image set, and display the 3D images
as a moving image.

[0012] To solve the above-described problems, the present
invention provides the controlling method of the ultrasonic
diagnostic apparatus comprising steps of: display region set-
ting which sets a display region for displaying a 3D image;
first generating, on the basis of a transmitting and reception of
ultrasound waves, which controls the step of transmitting/
receiving to perform a 3D scanning on the display region, and
generates volume data; analysis region setting, on the basis of
the volume data, which sets an analysis region to be used for
calculation of a cycle of fluctuation over time; analyzing, on
the basis of the data on the analysis region contained in the
volume data, which analyzes a fluctuations in signal intensity
over time; calculating, on the basis of the analysis result,
which detects a peak point of power, and calculates a cardiac
cycle; second generating, on the basis of the cardiac cycle and
the volume data, which generates data set constructed by data
with substantially equal cardiac cycle, and generates data sets
corresponding to a plurality of cardiac cycles; and displaying
which performs a rendering processing on each data set of the
data sets into a 3D image set, and displays the 3D images as
a moving image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the accompanying drawings:

[0014] FIG. 1is a schematic diagram illustrating a configu-
ration of ultrasonic diagnostic apparatus of a present embodi-
ment;

[0015] FIG. 2 is a block diagram illustrating functions of
the ultrasonic diagnostic apparatus of the present embodi-
ment;

[0016] FIG. 3 is a diagram illustrating a display example of
a side-A analysis ROI set on a side-A image;

[0017] FIG. 4is a diagram illustrating a display example of
a side-B analysis ROI set on a side-B image;
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[0018] FIGS.5A,5B and 5C are conceptual diagrams illus-
trating an example of an automatic defining method for an
analysis ROI,;

[0019] FIG. 6 is a diagram illustrating an example of a
frequency spectrum corresponding to the related art;

[0020] FIG. 7 is a diagram illustrating an example of a
frequency spectrum corresponding to the present embodi-
ment;

[0021] FIG. 8 is a conceptual diagram of a 3D image of a
fetal heart, which is generated when a heart rate is correctly
calculated;

[0022] FIG. 9 is a conceptual diagram of a 3D image of the
fetal heart, which is generated when the heart rate is miscal-
culated;

[0023] FIG. 10 is a diagram illustrating an example of mul-
tiplane display of a snapshot of a moving image to be dis-
played,;

[0024] FIG. 11 is a flowchart illustrated a first operation by
the ultrasonic diagnostic apparatus of the present embodi-
ment; and

[0025] FIG. 12 is a flowchart illustrated a second operation
by the ultrasonic diagnostic apparatus of the present embodi-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] An embodiment of an ultrasonic diagnostic appara-
tus and a controlling method of the ultrasonic diagnostic
apparatus according to the present invention will be described
with reference to accompanying drawings.

[0027] FIG.1is aschematic diagram illustrating a configu-
ration of ultrasonic diagnostic apparatus of the present
embodiment.

[0028] FIG. 1 illustrates an ultrasonic diagnostic apparatus
10 of the present embodiment applying an STIC. The ultra-
sonic diagnostic apparatus 10 roughly includes an ultrasonic
probe 11, amain body 12, a display 13 and an operation panel
14.

[0029] The ultrasonic probe 11 has a plurality of piezoelec-
tric transducers which transmit ultrasonic pulses to a three-
dimensional (3D) scan region including a subject within a
patient P on the basis of drive pulses from the main body 12,
receive the echoes corresponding to the transmitted ultrasonic
pulses and convert it to electric signals. When ultrasonic
pulses are transmitted from the piezoelectric transducers in
the ultrasonic probe 11 to the scan region, the ultrasonic
beams formed by the ultrasonic pulses are successively
reflected by a discontinuous plane of acoustic impedance of a
body tissue. The reflected echo is received by the piezoelec-
tric transducer set. The received echoes are converted by the
piezoelectric transducers in echo signals. The echo signals
have amplitudes that depend on the differences in acoustic
impedance on the reflecting discontinuous plane. When
reflected by a moving surface of a blood flow or a heart wall,
the echo corresponding to the transmitted ultrasonic pulses
depends on a velocity component in the direction of ultra-
sonic transmission by a moving object because of a Doppler
effect and is shifted in frequency.

[0030] The ultrasonic probe 11 may be, for example, a
mechanical 3D probe or a two-dimensional (2D) probe (or
matrix array probe). The mechanical 3D probe may be a probe
that can mechanically sweep many (such as 100 to 200)
piezoelectric transducers only arranged in the X-axis direc-
tion (or azimuth direction) or a probe that can mechanically
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sweep many piezoelectric transducers arranged in the X-axis
direction and a few (such as three) piezoelectric transducers
arranged in the Y-axis direction (or elevation direction). The
2D probe is a probe having many piezoelectric transducers
arranged in both of the X-axis direction and Y-axis direction.
[0031] The ultrasonic probe 11 being the mechanical 3D
probe electronically focuses with many piezoelectric trans-
ducers arranged in the X-axis direction in order to converge
ultrasonic pulses into the X-axis direction and form a correct
ultrasonic beam extending in the Z-axis direction (or depth
direction). On the other hand, the ultrasonic probe 11 being
the mechanical 3D probe preferably includes acoustic lenses
on the ultrasound irradiation sides of one piezoelectric trans-
ducer in the Y-axis direction or a concave transducer instead
of'the piezoelectric transducer in order to converge ultrasonic
pulses into the Y-axis direction and forms a correct ultrasonic
beam extending in the Z-axis direction. Alternatively, the
ultrasonic probe 11 being the mechanical 3D probe may
include an acoustic lens on the ultrasound irradiation side of
a few piezoelectric transducers in the Y-axis direction or may
change the number of times of driving a few piezoelectric
transducers in the Y-axis direction in accordance with the
positions in the Z-axis direction of the focal point in order to
converge ultrasonic pulses into the Y-axis direction and form
a correct ultrasonic beam extending in the Z-axis direction. In
order to use the mechanical 3D probe to scan plural scan
cross-sections, plural 2D cross-sections (which are X-Z
cross-sections) are scanned with the ultrasonic beam formed
by the ultrasonic pulses by sweeping the piezoelectric trans-
ducers.

[0032] The ultrasonic probe 11 being the 2D probe elec-
tronically focuses with many piezoelectric transducers
arranged in the X-axis direction and Y-axis direction in order
to converge ultrasonic pulses into the X-axis direction and
Y-axis direction and form a correct ultrasonic beam extending
in the Z-axis direction. In order to use the 2D probe to scan
plural scan cross-sections, plural X-Z cross-sections are
scanned with the ultrasonic beam formed by the ultrasonic
pulses by electronically shifting the transmission plane of
ultrasonic pulses in the Y-axis direction.

[0033] The main body 12 includes a transmitting/receiving
circuit 21, a signal processing circuit 22, an image generating
circuit 23, an image memory 24, a central processing unit
(CPU) 25, a main memory 26, an interface (IF) 27 and a
storage 28. According to the present embodiment, the trans-
mitting/receiving circuit 21, signal processing circuit 22 and
image generating circuit 23 are included in an integrated
circuit. However, all or a part of them may function by the
execution of software programs modularized in software.
[0034] The transmitting/receiving circuit 21 includes a
transmitting circuit and a receiving circuit, not shown. The
transmitting circuit has a pulser circuit, a transmission delay
circuit and a trigger generating circuit, not shown. The pulser
circuit repetitively generates a rate pulse for forming transmit
ultrasound at a predetermined rate frequency fr [Hz] (cycle:
1/fr [second]). The transmission delay circuit converges ultra-
sound into a beam for each channel and gives a delay time
required for determining the transmission directivity to each
rate pulse. The trigger generating circuit applies a drive pulse
to piezoelectric transducers in the ultrasonic probe 11 at the
time based on the rate pulse.

[0035] Note that the transmitting circuit of the transmitting/
receiving circuit 21 has a function that can instantly change
the transmission frequency, transmission drive voltage
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(acoustic pressure), transmission pulse rate, scan region and
the number of times of flashing in accordance with an instruc-
tion by the CPU 25. Particularly, the acoustic pressure may be
changed by a linear-amplifier type transmitting unit that can
instantly change the value or a mechanism that electrically
switches among plural power supply units.

[0036] The receiving circuit of the transmitting/receiving
circuit 21 has an amplifier, a reception delay circuit, an analog
to digital (A/D) converting circuit and an adding circuit, not
shown. The amplifier amplifies an echo signal captured
through the ultrasonic probe 11 for each channel. The recep-
tion delay circuit gives a delay time required for determining
the reception directivity to the echo signal amplified by the
amplifier. The A/D converting circuit converts the echo signal
output from the reception delay circuit to a digital signal. The
adding circuit performs adding processing on the digital echo
signal. The addition by the adding circuit can emphasize the
reflected component from the direction according to the
reception directivity of the echo signal. Thus, the reception
directivity and the transmission directivity form a synthetic
beam to be ultrasonically transmitted and/or received, and a
radio frequency (RF) signal can be generated.

[0037] The signal processing circuit 22 includes a B-mode
processing circuit 22a and a Doppler processing circuit 22b.
The B-mode processing circuit 22a performs logarithmic
amplification and envelop detection processing on the RF
signal obtained by the transmitting/receiving circuit 21 to
generate a B-mode image in which the signal intensity is
expressed by brightness. In this case, the detection frequency
may be changed to change the frequency band for visualiza-
tion. The detection processing with two detection frequencies
may be performed in parallel on one received data piece.
[0038] The Doppler processing circuit 225 performs fre-
quency analysis on the velocity information from the RF
signal obtained by the transmitting/receiving circuit 21,
extracts the echo component of a blood flow, a tissue or a
contract material attributed to a Doppler effect, and obtains
blood flow information such as an average velocity, a variance
and a power, with regard to multiple points. The Doppler
processing circuit 225 generates the blood flow information
such as an average velocity image, a variance image, a power
image and a Doppler image combining them.

[0039] The image generating circuit 23 converts a cross-
sectional image of a scan line signal sequence of ultrasonic
scanning, which is output from the signal processing circuit
22, into a cross-sectional image of a scan line signal sequence
in a general video format typified in, for example, televisions.
The image generating circuit 23 includes a memory (not
shown) that stores an image. For example, after a diagnosis,
anoperator (orauser) can call up an image recorded during an
examination. Further, the image generating circuit 23 forms
volume data on the basis of the cross-sectional images.
[0040] Theimage memory 24 is a storage device that stores
an image output from the signal processing circuit 22 and
image generating circuit 23. The image memory 24 stores in
parallel images obtained under different transmission and
reception conditions. The image memory 24 stores what is
called raw data, which are a cross-sectional image in the data
format before the conversion, and output from the signal
processing circuit 22 and/or the volume data based on the
cross-sectional image. The image memory 24 may store the
volume data based on a cross-sectional image in the data
format after the video-format conversion, which is output
from the image generating circuit 23 and/or a cross-sectional
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image in the data format after the video-format conversion,
which is output from the image generating circuit 23.
[0041] The CPU 25 is a control unit having an integrated
circuit (LSI: large scale integration) contained in a package in
which an electronic circuit configured by a semiconductor
has plural terminals. The CPU 25 has a function of executing
a program stored in the main memory 26. The CPU 25 has a
function of loading into the main memory 26 and executing a
program stored in the storage 28 or a program transferred
from a network N, and received by the IF 27 and installed in
the storage 28.

[0042] Themain memory 26 is a storage device having both
functions of a read only memory (ROM) and a random access
memory (RAM), for example. The main memory 26 has a
function of storing an initial program loading (IPL), a basic
input/output system (BIOS) and data and possibly being used
as a work memory of the CPU 25 or for temporary storage of
data.

[0043] ThelF 27 includes a connector according to parallel
connection specifications and/or serial connection specifica-
tions. The IF 27 is an interface relating to the operation panel
14, a basic network N of a hospital, such as a local area
network (LAN), and the storage 28, for example. The image
generated by the main body 12 can be transferred through the
IF 27 to the network N to other apparatus.

[0044] The storage 28 is a storage device having a metallic
disk formed by coating or evaporating a magnetic substance
and being irremovably and internally installed in a reader (not
shown). The storage 28 has a function of storing programs
(including an application program and an operating system
(O8)) installed in the main body 12. The OS may provide a
graphical user interface (GUI) allowing an operator to per-
form a basic operation through the operation panel 14 with
reference to many graphically displayed pieces of informa-
tion.

[0045] The main memory 26 or storage 28 stores a control
program, diagnostic information (such as a patient identifi-
cation (ID) and a doctor’s opinion), a diagnostic protocol, a
transmission/reception condition and other data sets. The data
stored in the main memory 26 or storage 28 may be trans-
ferred through the IF 27 and over the network N.

[0046] The display 13 may be a liquid crystal display or a
cathode ray tube (CRT), for example. The display 13 has a
function of displaying 3D data along with text information on
various parameters and the corresponding scale, for example,
on the basis of a video signal from the image generating
circuit 23.

[0047] Theoperation panel 14 may include akeyboard 14a,
a mouse 145, a trackball 14¢ and a touch command screen
(TCS) 14d. The operation panel 14 has a function of inputting
an instruction from an operator, such as an instruction to set a
region of interest (ROI) through the IF 27 to the CPU 25.
[0048] FIG. 2 is a block diagram illustrating functions of
the ultrasonic diagnostic apparatus 10 of the present embodi-
ment.

[0049] The execution of programs by the CPU 25 illus-
trated in FIG. 1 causes the ultrasonic diagnostic apparatus 10
to have an interface unit 31, a 2D scanning control unit 32, a
display ROI setting unit 33, a 3D scanning control unit 34, a
volume data obtaining unit 35, an analysis ROI setting unit
36, an analysis processing unit 37, a cardiac cycle calculating
unit 38, a data set generating unit 39 and a rendering process-
ing unit 40. According to the present embodiment, the units
31 to 40 are caused to function by the execution of software
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programs modularized in software. However, all or a part of
them may be configured by hardware such as an integrated
circuit.

[0050] The interface unit 31 is an interface such as the GUI.
The GUI may mostly graphically display on the display 13 to
an operator, whereby a basic operation can be performed
through the operation panel 14.

[0051] The 2D scanning control unit 32 has a function of, if
2D scanning is instructed from the operation panel 14 through
the interface unit 31, controlling the transmitting/receiving
circuit 21 so as to irradiate ultrasound to a 2D region includ-
ing the vicinity of the fetal heart to perform 2D scanning (live
scanning).

[0052] The display ROI setting unit 33 has a function of,
during 2D scanning by the 2D scanning control unit 32,
defining a region including the fetal heart on the 2D image
displayed through the image generating circuit 23 (illustrated
in FIG. 1) as a display ROI of'a 3D image (4D display). The
display ROI setting unit 33 sets a display ROI in accordance
with the signal input through the interface unit 31 by an
operator using the operation panel 14 on the display screen of
a 2D image.

[0053] The 3D scanning control unit 34 has a function of;
when 3D scanning is instructed from the operation panel 14
through the interface unit 31, controlling the transmitting/
receiving circuit 21 so as to irradiate ultrasound to a 3D region
with the display ROI set by the display ROI setting unit 33 in
the sweep direction to execute the 3D scanning. The 3D
scanning control unit 34 causes to scan the entire fetal heart
for a predetermined period of time such as 10 to 15 seconds.
[0054] The volume data obtaining unit 35 has a function of
obtaining (or reading) the volume data formed by the display
ROI stored in the image memory 24 by the 3D scanning
control unit 34.

[0055] The analysis ROI setting unit 36 has a function of
defining a 3D analysis ROI to be used for cardiac-cycle analy-
sis on the basis of brightness information in the volume data
obtained by the volume data obtaining unit 35. The analysis
ROI setting unit 36 according to a first example manually sets
the 3D analysis ROI on the basis of the volume data. In this
case, the analysis ROI setting unit 36 causes to display a scan
cross-sectional image (side-A image) and sets a side-A analy-
sis ROI in accordance with the signal input through the inter-
face unit 31 by an operator using the operation panel 14 on the
side-A image. The analysis ROI setting unit 36 causes to
display a cross-sectional image (side-B image) of the cross-
sectional orthogonal to the scan plane and sets a side-B analy-
sis ROI in accordance with the signal input through the inter-
face unit 31 by an operator using the operation panel 14 on the
side-B image.

[0056] FIG. 3 is a diagram illustrating a display example of
the side-A analysis ROI set on a side-A image. FIG. 4 is a
diagram illustrating a display example of the side-B analysis
ROI set on a side-B image.

[0057] On the side-A image illustrated in FIG. 3, an opera-
tor may operate the operation panel 14 to change and/or move
the frame indicating a side-A analysis ROI to be displayed so
that the analysis ROI setting unit 36 can set a side-A analysis
ROI. On the side-B image illustrated in FIG. 4, an operator
may operate the operation panel 14 to change and/or move the
frame indicating a side-B analysis ROI to be displayed so that
the analysis ROI setting unit 36 can set a side-B analysis ROI.
[0058] The analysis ROI setting unit 36 according to a
second example automatically sets a 3D analysis ROI on the
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basis of the volume data. The fetal heart moves actively, and
a heart wall changes brightness values with a heart chamber
between a high brightness and a low brightness over time.
Thus, the brightness of the region having the fetal heart
changes largely over time. This increases the variance of the
brightness of the region having the fetal heart, compared with
the other regions. Therefore, by obtaining the brightness vari-
ance, the region having the fetal heart can be extracted.
[0059] FIG. 5A, FIG. 5B and FIG. 5C are conceptual dia-
grams illustrating an example of an automatic defining
method for an analysis ROI.

[0060] FIG. 5A is a diagram illustrating a distribution of
variances based on brightness values in a horizontal direction.
The distribution diagram is divided by shades of the magni-
tudes of the variance values, which are obtained for bright-
ness value sets corresponding to the shown vertical lines on
the basis of the side-A image. Obtaining the variances of the
brightness values at the vertical lines on the side-A image
from the left end to the right end of the side-A image, the
region having the fetal heart has a higher variance value than
the other region, as illustrated in FIG. SA. Thus, referring to
FIG. 5A, the fetal heart may be estimated to exist on the
vertical lines corresponding to the variance values equal to or
higher than threshold value obtained from an average value,
for example, of the variance values at all vertical lines. There-
fore, the vertical lines corresponding to the variance values
beyond the threshold value can be automatically set as a
side-A analysis ROI.

[0061] FIG. 5B is a diagram illustrating a distribution of
variances based on brightness values in a vertical direction.
The distribution diagram is divided by shades of the magni-
tudes of the variance values, which are obtained for bright-
ness value sets corresponding to the shown horizontal lines on
the basis of the side-A image. Referring to FIG. 5B, like the
description referring to FIG. 5A, the fetal heart may be esti-
mated to exist on the horizontal lines corresponding to the
variance values equal to or higher than the threshold value
obtained from an average value, for example, of the variance
values at all horizontal lines. Therefore, the horizontal lines
corresponding to the variance values beyond the threshold
value can be automatically set as a side-A analysis ROI.
[0062] FIG. 5C is a diagram illustrating a distribution of
variances based on brightness values in a depth direction. The
distribution diagram is divided by shades of the magnitudes
of the variance values, which are obtained for brightness
value sets corresponding to the shown vertical lines on the
basis of the side-B image. Referring to FIG. 5C, like the
description referring to FIG. 5A, the fetal heart may be esti-
mated to exist on the vertical lines corresponding to the vari-
ance values equal to or higher than the threshold value
obtained from an average value, for example, of the variance
values at all vertical lines. Therefore, the vertical lines corre-
sponding to the variance values beyond the threshold value
can be automatically set as a side-B analysis ROI.

[0063] Defining a side-A analysis ROI and a side-B analy-
sis ROI on the biplane display of FIG. 5A and FIG. 5C or FIG.
5B and FIG. 5C allows the automatic definition of the 3D
analysis ROI. The automatic defining method for a 3D analy-
sis ROl is given for the illustration purpose only, and the other
methods may be used to obtain the region having the fetal
heart and automatically set a 3D analysis ROI.

[0064] The analysis processing unit 37 illustrated in FIG. 2
has a function of performing analysis processing such as
autocorrelation and fast Fourier transform (FFT) analysis on



US 2010/0198073 Al

the fluctuations in signal intensity over time on the basis of the
data on the part within a 3D analysis ROI set by the analysis
ROI setting unit 36.

[0065] The cardiac cycle calculating unit 38 has a function
of detecting a peak point of power and calculating the cardiac
cycle (140 to 200 [bpm]) of a fetus on the basis of the fre-
quency spectrum as an analysis result generated by the analy-
sis processing unit 37.

[0066] FIG. 6 is a diagram illustrating an example of a
frequency spectrum corresponding to the related art.

[0067] In the related art, a maximum peak p0 has been
detected from power values at frequencies in a predetermined
frequency range f mintof max, and a heart rate of a fetus has
been calculated by handling the frequency f0 at the peak p0 as
a cardiac cycle.

[0068] However, other frequency components such as a
fetal movement may mix thereinto, and large power values
may also occur at other frequencies such as peaks p1 and p2
excluding the peak p0. Thus, when the components at the
peaks pl and p2 are higher than that at the peak p0, the
frequencies fl1 and f2, which are frequencies excluding the
cardiac cycle, might be miscalculated as a real fetal heart rate,
instead of the frequency 0. As a result, the correct heart rate
is not used to reconstruct the volume data, and it is difficult to
obtain a correct moving image. F1G. 9 illustrates a conceptual
diagram of a 3D image of the fetal heart, which is generated
when the heart rate is miscalculated (where the frequency 0
at the peak p0 is not equal to the fetal heart rate).

[0069] FIG. 7 is a diagram illustrating an example of a
frequency spectrum corresponding to the present embodi-
ment.

[0070] The frequency spectrum illustrated in FIG. 7, which
is the analysis result by the analysis processing unit 37, has
lower components at the peaks pl and p2, compared with the
frequency spectrum in the past illustrated in FIG. 6. Thus, the
heart rate can be correctly calculated. FIG. 8 illustrates a
conceptual diagram of the 3D image of the fetal heart, which
is generated when the heart rate is correctly calculated (where
the frequency 10 at the peak p0 is equal to the fetal heart rate).
[0071] The data set generating unit 39 illustrated in FIG. 2
has a function of generating data set group for each substan-
tially equal cardiac cycle from the volume data obtained by
the volume data obtaining unit 35 on the basis of the cardiac
cycles calculated by the cardiac cycle calculating unit 38.
[0072] The rendering processing unit 40 has a function of
performing rendering processing on data set groups for car-
diac cycles into a 3D image set and displaying the 3D image
set as a moving image on the display 13. FIG. 10 is a diagram
illustrating an example of multiplane display of a snapshot (or
one still image) of the moving image to be displayed.
[0073] Next, a first operation (or step) by the ultrasonic
diagnostic apparatus of the present embodiment will be
described with reference to the flowchart illustrated in FIG.
11.

[0074] Ifan operator uses the operation panel 14 to instruct
2D scanning, the ultrasonic diagnostic apparatus 10 controls
the transmitting/receiving circuit 21 so as to irradiate ultra-
sound to a 2D region including the vicinity of the fetal heart
and cause to execute 2D scanning (live scanning) (step S1).
[0075] During the 2D scanning in step S1, the ultrasonic
diagnostic apparatus 10 sets a region including the fetal heart
onthe 2D image to be displayed through the image generating
circuit 23 as a display ROI being a 3D image (step S2). The
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display ROI set by step S2 is based on the signal input by an
operator using the operation panel 14 on the display screen of
a 2D image.

[0076] Next, if an operator uses the operation panel 14 to
instruct 3D scanning, the ultrasonic diagnostic apparatus 10
controls the transmitting/receiving circuit 21 so as to irradiate
ultrasound to the 3D region with the display ROI set in step S2
in the sweep direction and cause to execute the 3D scanning
(step S3). In step S3, the entire fetal heart is scanned in
approximately 10 seconds.

[0077] Next, the ultrasonic diagnostic apparatus 10 obtains
a volume data stored in the image memory 24 by the 3D
scanning in step S3 (step S4).

[0078] Next, the ultrasonic diagnostic apparatus 10 sets the
3D analysis ROI to be used for cardiac-cycle analysis on the
basis of the volume data obtained by step S4 (step S5). In step
S5, the analysis ROI may be set manually on the basis of the
volume data, as described above, or may be set automatically.
[0079] Alternatively, in step S5, as illustrated in FIG. 9, the
ultrasonic diagnostic apparatus 10 may determine whether a
3D analysis ROI is to be set automatically or not (step S5a).
IfYES instep S5a, the ultrasonic diagnostic apparatus 10 may
automatically set a 3D analysis ROI (step S5b4). If NO, the
ultrasonic diagnostic apparatus 10 may manually set a 3D
analysis ROI (step S5¢).

[0080] Next, on the basis of the data on the part within the
3D analysis ROI set by step S5, the ultrasonic diagnostic
apparatus 10 performs autocorrelation or Fast Fourier trans-
form (FFT) analysis on the fluctuations in signal intensity
over time (step S6). On the basis of the frequency spectrum,
which is the analysis result generated by step S6, the ultra-
sonic diagnostic apparatus 10 detects a peak point of power
and calculates the cardiac cycle (140 to 200 [bpm]) of the
fetus (step S7).

[0081] Next, on the basis of the cardiac cycle calculated by
step S7, the ultrasonic diagnostic apparatus 10 generates data
set groups for substantially equal cardiac cycles from the
volume data (step S8). The ultrasonic diagnostic apparatus 10
performs rendering processing on the data set groups for
cardiac cycles into 3D image sets and causes the display 13 to
display the 3D image set as a moving image (step S9).
[0082] The ultrasonic diagnostic apparatus 10 determines
whether the moving image displayed in step S9 is correct or
not on the basis of the signal input by an operator using the
operation panel 14 (step S10). Ifthe determination in step S10
results in YES, that is, if it is determined that the moving
image displayed in step S9 is correct, as illustrated in FIG. 8,
the ultrasonic diagnostic apparatus 10 ends the operation.
[0083] If, on the other hand, the determination in step S10
results in NO, that is, if it is determined that the moving image
displayed in step S9 is not correct, as illustrated in FIG. 9, the
ultrasonic diagnostic apparatus 10 performs the 2D scanning
again in order to change the moving image to be displayed
(step S1).

[0084] Next, a second operation by the ultrasonic diagnos-
tic apparatus of the present embodiment will be described
with reference to the flowchart illustrated in FIG. 12. In the
description and illustration of the second operation by the
ultrasonic diagnostic apparatus of the present embodiment
illustrated in FIG. 12, like numerals reference like operations
to those in the operation illustrated in FIG. 11, and the
description will be omitted.

[0085] On the basis of the signal input by an operator using
the operation panel 14, the ultrasonic diagnostic apparatus 10
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determines whether a 3D analysis ROI is to be automatically
set or not (step S5a). If the determination in step S5a results
in YES, that is, if it is determined that a 3D analysis ROl is to
be automatically set, the ultrasonic diagnostic apparatus 10
automatically sets a 3D analysis ROI on the basis of the
volume data obtained in step S4 (step S5b).

[0086] If, on the other hand, the determination in step S5a
results in NO, that is, if it is determined that a 3D analysis ROI
is not to be automatically set, the ultrasonic diagnostic appa-
ratus 10 manually sets a 3D analysis ROI on the basis of the
signal input by an operator using the operation panel 14 (step
S5¢).

[0087] On the basis of the signal input by an operator using
the operation panel 14, the ultrasonic diagnostic apparatus 10
determines whether the moving image displayed in step S9 is
correct or not (step S10). If the determination in step S10
results in YES, that is, if it is determined that the moving
image displayed in step S9 is correct, as illustrated in FIG. 8,
the ultrasonic diagnostic apparatus 10 ends the operation.
[0088] If, on the other hand, the determination in step S10
results in NO, that s, if it is determined that the moving image
displayed in step S9 is not correct, as illustrated in FIG. 9, the
ultrasonic diagnostic apparatus 10 determines whether the
scanning is to be performed again or not on the basis of the
signal input by an operator using the operation panel 14 (step
S11). If the determination in step S11 results in YES, that is,
if it is determined that the scanning is to be performed again,
the ultrasonic diagnostic apparatus 10 performs the 2D scan-
ning again (step S1).

[0089] If, on the other hand, the determination in step S11
results in NO, that is, if the scanning is not to be performed
again, the ultrasonic diagnostic apparatus 10 manually sets a
3D analysis ROI on the basis of the signal input by an operator
using the operation panel 14 (step S5¢).

[0090] In the ultrasonic diagnostic apparatus 10 of the
present embodiment, the region to be used for cardiac-cycle
analysis is limited by the analysis ROI setting unit 36. This
can minimize the reduction in precision of detection due to
the other components, such as a fetal movement, than the
beats of the fetal heart, and allows analysis with higher pre-
cision. As a result, the ultrasonic diagnostic apparatus 10 can
display correct 3D images (4D display). In other words, the
ultrasonic diagnostic apparatus 10 can improve the precision
of estimation of cardiac cycles and allows more simple gen-
eration and display of 3D images of the fetal heart.

[0091] In the second operation using the ultrasonic diag-
nostic apparatus 10 of the present embodiment (described
with reference to the flowchart illustrated in FIG. 12), if it is
determined that the displayed moving image is not correct,
other processing may be performed instead of the re-scan-
ning. This can improve the efficiency of generation of data of
a moving image regarding a fetus.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a display region setting unit configured to set a display
region for displaying a 3D image;

a transmitting/receiving unit configured to transmit and
receive ultrasound waves;

a first generating unit configured to control the transmit-
ting/receiving unit to perform a 3D scanning on the
display region, and generate volume data;

an analysis region setting unit configured to, on the basis of
the volume data, set an analysis region to be used for
calculation of a cycle of fluctuation over time;
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an analyzing unit configured to, on the basis of the data on
the analysis region contained in the volume data, ana-
lyze a fluctuations in signal intensity over time;

a calculating unit configured to, on the basis of the analysis
result, detect a peak point of power, and calculate a
cardiac cycle;

a second generating unit configured to, on the basis of the
cardiac cycle and the volume data, generate data set
constructed by data with substantially equal cardiac
cycle, and generate data sets corresponding to a plurality
of cardiac cycles; and

a display unit configured to perform a rendering processing
on each data set of the data sets into a 3D image set, and
display the 3D images as a moving image.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the transmitting/receiving unit includes a
mechanical 3D probe as an ultrasonic probe.

3. The ultrasonic diagnostic apparatus according to claim

1, further comprising a cross-sectional image generating unit
configured to perform a 2D scanning with the ultrasound
waves, and generate a cross-sectional image to set the display
region, wherein the display unit displays the cross-sectional
image.

4. The ultrasonic diagnostic apparatus according to claim

3, further comprising an input unit configured to be able to be
input by an operator about whether the moving image is to be
changed or not, wherein, if the moving image is changed by
the input unit, the cross-sectional image generating unit per-
forms the 2D scanning again.

5. The ultrasonic diagnostic apparatus according to claim

3, further comprising an input unit configured to be able to be
input by an operator about whether the moving image is to be
changed or not, and to be input by the operator about the
analysis region, wherein, if the moving image is changed by
the input unit, the analysis region setting unit sets the analysis
region in accordance with the input through the input unit.

6. The ultrasonic diagnostic apparatus according to claim

1, further comprising an input unit configured to be able to be
input by an operator about the analysis region.

7. The ultrasonic diagnostic apparatus according to claim

6, further comprising a unit configured to, on the basis of the
volume data, generate a cross-sectional image in a sweep
direction and a cross-sectional image in the orthogonal direc-
tion to the sweep direction, wherein the display unit displays
the cross-sectional image in the sweep direction and the
cross-sectional image in the orthogonal direction, and the
analysis region setting unit sets the 3D analysis region in
accordance with the input of the analysis region through the
input unit on each of the cross-sectional images.

8. The ultrasonic diagnostic apparatus according to claim

1, wherein the analysis region setting unit sets the 3D analysis
region on the basis of the variance values in brightness infor-
mation in the volume data.

9. An controlling method of an ultrasonic diagnostic appa-

ratus comprising steps of:

display region setting which sets a display region for dis-
playing a 3D image;

first generating, on the basis of a transmitting and reception
of ultrasound waves, which controls the step of trans-
mitting/receiving to perform a 3D scanning on the dis-
play region, and generates volume data;

analysis region setting, on the basis of the volume data,
which sets an analysis region to be used for calculation
of a cycle of fluctuation over time;



US 2010/0198073 Al

analyzing, on the basis of the data on the analysis region
contained in the volume data, which analyzes a fluctua-
tions in signal intensity over time;

calculating, on the basis of the analysis result, which

detects a peak point of power, and calculates a cardiac
cycle;

second generating, on the basis of the cardiac cycle and the

volume data, which generates data set constructed by
data with substantially equal cardiac cycle, and gener-
ates data sets corresponding to a plurality of cardiac
cycles; and

displaying which performs a rendering processing on each

data set of the data sets into a 3D image set, and displays
the 3D images as a moving image.

10. The controlling method of the ultrasonic diagnostic
apparatus according to claim 9, wherein the step of first
generating transmits and receives the ultrasound waves by
sweeping a mechanical 3D probe as an ultrasonic probe.

11. The controlling method of the ultrasonic diagnostic
apparatus according to claim 9, further comprising a step of
cross-sectional image generating which performs a 2D scan-
ning with the ultrasound waves, and generates a cross-sec-
tional image to set the display region, and a step of displaying
which displays the cross-sectional image.

12. The controlling method of the ultrasonic diagnostic
apparatus according to claim 11, further comprising a step of
inputting which is input by an operator about whether the
moving image is to be changed or not, wherein, if the moving
image is changed by the step of inputting, the step of cross-
sectional image generating performs the 2D scanning again.
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13. The controlling method of the ultrasonic diagnostic
apparatus according to claim 11, further comprising a step of
inputting which is input by an operator about whether the
moving image is to be changed or not, and which is input by
the operator about the analysis region, wherein, if the moving
image is changed by the step of inputting, the step of analysis
region setting sets the analysis region in accordance with the
input through the step of inputting.

14. The controlling method of the ultrasonic diagnostic
apparatus according to claim 9, further comprising a step of
inputting which is input by an operator about the analysis
region.

15. The controlling method of the ultrasonic diagnostic
apparatus according to claim 14, further comprising a step, on
the basis of the volume data, which generates a cross-sec-
tional image in a sweep direction and a cross-sectional image
in the orthogonal direction to the sweep direction, wherein the
step of displaying displays the cross-sectional image in the
sweep direction and the cross-sectional image in the orthogo-
nal direction, and the step of analysis region setting sets the
3D analysis region in accordance with the input of the analy-
sis region through the step of inputting on each of the cross-
sectional images.

16. The controlling method of the ultrasonic diagnostic
apparatus according to claim 9, wherein the step of analysis
region setting sets the 3D analysis region on the basis of the
variance values in brightness information in the volume data.
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