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ULTRASOUND DIAGNOSIS APPARATUS AND
CONTROLLING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2013/070813 filed on Jul.
31, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-169997 filed on
Jul. 31, 2012; and Japanese Patent Application No. 2013-
159663, filedon Jul. 31, 2013, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and a controlling method.

BACKGROUND

[0003] Conventionally, to perform an ultrasound image
diagnosis process, a method is known by which images indi-
cating moving object information (e.g., bloodstream images
such as color Doppler images) are subject to an imaging
process at a high frame rate. Further, conventionally, to pet-
form an ultrasound image diagnosis process, it is common
practice to display, for example, tissue images (B-mode
images) and bloodstream images at the same time.

[0004] When B-mode images and bloodstream images are
displayed at the same time by using such a conventional
method, however, in order to display the bloodstream images
at a high frame rate, with little noise, and with a high sensi-
tivity, it is necessary to generate and display the B-mode
images from reception signals used for obtaining blood-
stream information, without performing a B-mode-exclusive
scan. As a result, image quality of the tissue images is
degraded in some situations, for example, because the recep-
tion signals saturate, because the density of scanning lines is
low, or because it is not possible to perform tissue harmonic
imaging.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0006] FIG. 2 is a drawing of exemplary processes per-
formed by a B-mode processing unit;

[0007] FIG. 3 is a block diagram of an exemplary configu-
ration of the Doppler processing unit shown in FIG. 1;
[0008] FIG. 4 is a drawing for explaining a wall filtering
process performed by implementing a high frame rate
method,;

[0009] FIG. 5A and FIG. 5B are drawings for explaining
examples of conventional methods;

[0010] FIG. 6is a drawing of an example of a problem with
the conventional methods;

[0011] FIG. 7 and FIG. 8 are drawings for explaining a
controlling unit according to the first embodiment;

[0012] FIG. 9A and FIG. 9B are drawings of examples of
display modes according to the first embodiment;

[0013] FIG. 10 is a flowchart for explaining an example of
an ultrasound scan controlling process performed by the
ultrasound diagnosis apparatus according to the first embodi-
ment;
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[0014] FIG. 11 is a drawing for explaining a second
embodiment;
[0015] FIG. 12 is a flowchart for explaining an example of

an output controlling process performed by an ultrasound
diagnosis apparatus according to the second embodiment;
[0016] FIG. 13A and FIG. 13B are drawings for explaining
a third embodiment;

[0017] FIG. 14A and FIG. 14B are drawings for explaining
a fourth embodiment; and

[0018] FIG. 15, FIG. 16 and FIG. 17 are drawings for
explaining a fifth embodiment.

DETAILED DESCRIPTION

[0019] An ultrasound diagnostic apparatus according to an
embodiment includes an ultrasound probe and a controlling
unit. The ultrasound probe is configured to transmit and
receive an ultrasound wave. The controlling unitis configured
to cause the ultrasound probe to perform a first ultrasound
scan to obtain information related to motion of a moving
object within a first scanned region and causes the ultrasound
probe to perform, as a second ultrasound scan to obtain infor-
mation abouta tissue form within a second scanned region, an
ultrasound scan in each of a plurality of sectioned regions into
whichthe second scanned region is divided, ina time-division
manner between the first ultrasound scans. As the first ultra-
sound scan, the controlling unit causes the ultrasound scan to
be performed according to a method for obtaining the infor-
mation related to the motion of the moving object by which a
high pass filtering process is performed along a frame direc-
tion on reception signals obtained from a plurality of scan-
ning lines structuring the first scanned region.

[0020] Exemplary embodiments of an ultrasound diagnosis
apparatus will be explained in detail below, with reference to
the accompanying drawings.

[0021] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG.1isa block diagram of an exemplary configuration of the
ultrasound diagnosis apparatus according to the first embodi-
ment. As shown in FIG. 1, the ultrasound diagnosis apparatus
according to the first embodiment includes an ultrasound
probe 1, a monitor 2, an input device 3, and an apparatus main
body 10.

[0022] Theultrasound probe 1is connected to the apparatus
main body 10 to transmit and receive ultrasound waves. For
example, the ultrasound probe 1 includes a plurality of piezo-
electric transducer elements, which generate an ultrasound
wave based on adrive signal supplied from a transmitting and
receiving unit 11 included in the apparatus main body 10
(explained later). Further, the plurality of piezoelectric trans-
ducer elements included in the ultrasound probe 1 receive
reflected waves from a subject P and convert the received
reflected waves into electric signals. Further, the ultrasound
probe 1 includes matching layers included in the piezoelectric
transducer elements, as well as a backing member that pre-
vents ultrasound waves from propagating rearward from the
piezoelectric transducer elements. The ultrasound probe 1 is
detachably connected to the apparatus main body 10.

[0023] When an ultrasound wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasound
wave is repeatedly reflected on a surface of discontinuity of
acoustic impedances at a tissue in the body of the subject P
and is received as a reflected-wave signal by the plurality of
piezoelectric transducer elements included in the ultrasound
probe 1. The amplitude of the received reflected-wave signal
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is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When a transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a moving
cardiac wall, the reflected-wave signal is, due to the Doppler
effect. subject to a frequency shift, depending on a velocity
component of the moving objects with respect to the ultra-
sound wave transmission direction.

[0024] The first embodiment is applicable to a situation
where the ultrasound probe 1 is a one-dimensional (1D) array
probe configured to scan the subject P two-dimensionally and
to a situation where the ultrasound probe 1 is a mechanical
four-dimensional (4D) probe or a two-dimensional (2D)
array probe configured to scan the subject P three-dimension-
ally.

[0025] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, ajoystick, and the like. The input device 3
receives various types of setting requests from an operator of
the ultrasound diagnosis apparatus and transfers the received
various types of setting requests to the apparatus main body
10.

[0026] The monitor 2 displays a Graphical User Interface
(GUI) used by the operator of the ultrasound diagnosis appa-
ratus to input the various types of setting requests through the
input device 3 and displays ultrasound image data and the like
generated by the apparatus main body 10.

[0027] The apparatus main body 10 is an apparatus config-
ured to generate ultrasound image data based onthe reflected-
wave signal received by the ultrasound probe 1. The apparatus
main body 10 shown in FIG. 1is an apparatus configured to be
able to generate two-dimensional ultrasound image data
based on a two-dimensional reflected-wave signal and to be
able to generate three-dimensional ultrasound image data
based on a three-dimensional reflected-wave signal. It should
be noted, however, that the first embodiment is also appli-
cable to a situation where the apparatus main body 10 is an
apparatus exclusively for two-dimensional data.

[0028] As shown in FIG. 1, the apparatus main body 10
includes the transmitting and receiving unit 11, a buffer 12, a
B-mode processing unit 13, a Doppler processing unit 14, an
image generating unit 15, an image memory 16, an internal
storage unit 17, and a controlling unit 18.

[0029] Thetransmitting and receiving unit 11 is configured
to control ultrasound transmissions and receptions performed
by the ultrasound probe 1, on the basis of an instruction from
the controlling unit 18 (explained later). The transmitting and
receiving unit 11 includes a pulse generator, a transmission
delaying circuit, a pulser, and the like and supplies the drive
signal to the ultrasound probe 1. The pulse generator repeat-
edly generates a rate pulse for forming a transmission ultra-
sound wave at a predetermined repetition frequency called a
Pulse Repetition Frequency (PRF). Further, the transmission
delaying circuit applies a delay period that is required to
converge the ultrasound wave generated by the ultrasound
probe 1 into the form ofa beam and to determine transmission
directionality and that corresponds to each of the piezoelec-
tric transducer elements, to each of the rate pulses generated
by the pulse generator. Further, the pulser applies a drive
signal (a drive pulse) to the ultrasound probe 1 with timing
based on the rate pulses. In other words, the transmission
delaying circuit arbitrarily adjusts the transmission directions
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of the ultrasound waves transmitted from the piezoelectric
transducer element surfaces, by varying the delay periods
applied to the rate pulses.

[0030] The transmitting and receiving unit 11 has a func-
tion to be able to instantly change the transmission frequency,
the transmission drive voltage, and the like, for the purpose of
executing a predetermined scanning sequence based on an
instruction from the controlling unit 18 (explained later). In
particular, the configuration to change the transmission drive
voltage is realized by using a linear-amplifier-type transmit-
ting circuit of which the value can be instantly switched or by
using a mechanism configured to electrically switch between
a plurality of power source units.

[0031] Further, the transmitting and receiving unit 11
includes an amplifying circuit, an Analog/Digital (A/D) con-
verter, a reception delaying circuit, an adder, a quadrature
detection circuit, and the like and generates reflected-wave
data by performing various types of processes on the
reflected-wave signal received by the ultrasound probe 1. The
amplifying circuit amplifies the reflected-wave signal for
each of channels and performs a gain correcting process. The
A/D converter applies an A/D conversion to the gain-cor-
rected reflected-wave signal. The reception delaying circuit
applies a reception delay period required to determine recep-
tion directionality to the digital data. The adder performs an
adding process on the reflected-wave signals to which the
reception delay periods have been applied by the reception
delaying circuit. As a result of the adding process performed
by the adder, reflected components from the direction corre-
sponding to the reception directionality of the reflected-wave
signals are emphasized.

[0032] Further, the quadrature detection circuit converts the
output signal from the adder into an in-phase signal (an “I
signal”) and a quadrature-phase signal (a “Q signal™) in a
baseband bandwidth. After that, the quadrature detection cir-
cuit stores the I signal and the Q signal (hereinafter, “IQ
signals”) into the buffer 12 as the reflected-wave data. Alter-
natively, the quadrature detection circuit may convert the
output signal from the adder into Radio Frequency (RF) sig-
nals and store the RF signals into the buffer 12. The IQ signals
or the RF signals serve as signals (reception signals) contain-
ing phase information. In the following sections, the
reflected-wave data output by the transmitting and receiving
unit 11 may be referred to as “reception signals™.

[0033] When a two-dimensional scan is performed on the
subject P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit two-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
two-dimensional reflected-wave data from the two-dimen-
sional reflected-wave signals received by the ultrasound
probe 1. In contrast, when a three-dimensional scan is per-
formed on the subject P, the transmitting and receiving unit 11
causes the ultrasound probe 1 to transmit three-dimensional
ultrasound beams. The transmitting and receiving unit 11
then generates three-dimensional reflected-wave data from
the three-dimensional reflected-wave signals received by the
ultrasound probe 1.

[0034] Further, the transmitting and receiving unit 11 is
able to generate reflected-wave data having a plurality of
reception focuses, from the reflected-wave signals at the
piezoelectric transducer elements obtained from one-time
ultrasound beam transmission. In other words, the transmit-
ting and receiving unit 11 is a circuit capable of performing a
parallel simultaneous reception process. The first embodi-
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ment, however, is also applicable to a situation where the
transmitting and receiving unit 11 is not capable of perform-
ing a parallel simultaneous reception process.

[0035] The buffer 12 is a buffer configured to temporarily
store therein the reflected-wave data (the 1Q signals) gener-
ated by the transmitting and receiving unit 11. More specifi-
cally, the buffer 12 stores therein the IQ signals corresponding
to a certain number of frames or the 1Q signals corresponding
to a certain number of volumes. For example, the buffer 12
may be a First-In/First-Out (FIFO) memory configured to
store therein the IQ signals corresponding to a predetermined
number of frames. Further, for example, when the transmit-
ting and receiving unit 11 has newly generated IQ signals
corresponding to one frame, the buffer 12 discards the 1Q
signals corresponding to one frame that were generated ear-
liest and stores therein the newly-generated IQ signals corre-
sponding to the one frame.

[0036] The B-mode processing unit 13 and the Doppler
processing unit 14 are signal processing units configured to
perform various types of signal processing processes on the
reflected-wave data generated from the reflected-wave sig-
nals by the transmitting and receiving unit 11. FIG. 2 is a
drawing of exemplary processes performed by the B-mode
processing unit. As shown in FIG. 2, the B-mode processing
unit 13 generates data (B-mode data) in which the strength of
each of the signals at multiple points is expressed by a degree
of brightness, by performing a logarithmic amplification, an
envelope detection process, a logarithmic compression, and
the like on the reflected-wave data (the IQ signals) read from
the buffer 12.

[0037] By performing a filtering process, the B-mode pro-
cessing unit 13 is able to change the frequency band subject to
the imaging process, by varying the detected frequency. By
using the filtering process function of the B-mode processing
unit 13, it is possible to perform a harmonic imaging process
such as a contrast harmonic imaging (CHI) process or a
Tissue Harmonic Imaging (THI) process. In other words,
from the reflected-wave data of the subject P into whom a
contrast agent has been injected, the B-mode processing unit
13 is able to separate reflected-wave data (harmonic data or
subharmonic data) of a harmonic component of which the
contrast agent (microbubbles and bubbles) serves as sources
of the reflections and reflected-wave data (fundamental wave
data) of a fundamental wave component of which a tissue
inside the subject P serves as sources of the reflections. From
the reflected-wave data (the reception signals) of the har-
monic component, the B-mode processing unit 13 is able to
generate B-mode data from which contrast-enhanced image
data is to be generated.

[0038] Further, by using the filtering process function of the
B-mode processing unit 13, it is possible to separate the
harmonic data or the subharmonic data, which is the
reflected-wave data (the reception signals) of the harmonic
component, from the reflected-wave data of the subject P, by
performing the Tissue Harmonic Imaging (THI) process.
Then, from the reflected-wave data (the reception signals) of
the harmonic component, the B-mode processing unit 13 is
able to generate B-mode data from which tissue image data
excluding noise components is to be generated.

[0039] Furthermore, when performing a harmonic imaging
process such as a CHI process or a THI process, the B-mode
processing unit 13 is also able to extract the harmonic com-
ponent by using a method different from the method
described above employing the filtering process. During a
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harmonic imaging process, any of the following imaging
methods may be implemented: an Amplitude Modulation
(AM) method, a Phase Modulation (PM) method, and an
AMPM method combining the AM method and the PM
method. According to the AM method, the PM method, and
the AMPM method, an ultrasound transmission is performed
multiple times on any one scanning line while varying the
amplitude and/or the phase thereof. As a result, the transmit-
ting and receiving unit 11 generates and outputs a plurality of
pieces of reflected-wave data (reception signals) for each of
the scanning lines. Further, the B-mode processing unit 13
extracts the harmonic component by performing an addition/
subtraction process according to the modulation method on
the plurality of pieces of reflected-wave data (the reception
signals) corresponding to each of the scanning lines. After
that, the B-mode processing unit 13 generates B-mode data
by performing an envelope detection process or the like on the
reflected-wave data (the reception signals) of the harmonic
component.

[0040] For example, when implementing the PM method,
the transmitting and receiving unit 11 transmits, according to
a scan sequence set by the controlling unit 18, an ultrasound
wave twice for each of the scanning lines, the ultrasound
waves in the two transmissions having the same amplitude
and opposite phase polarities such as (-1, 1). After that, the
transmitting and receiving unit 11 generates a reception sig-
nal from the “~1” transmission and a reception signal from
the “1” transmission, so that the B-mode processing unit 13
adds these two reception signals together. As a result, it is
possible to generate a signal from which the fundamental
wave component is eliminated and in which the second har-
monic component chiefly remains. After that, the B-mode
processing unit 13 performs an envelope detection process or
the like on the signal and generates THI B-mode data or CHI
B-mode data.

[0041] As another example, to perform the THI process, a
method has been in practical use by which an imaging process
is performed by using a second harmonic component con-
tained in the reception signals and a difference tone compo-
nent. According to an imaging method using a difference tone
component, for example, the ultrasound probe 1 is caused to
transmit a transmission ultrasound wave having a synthesized
waveform obtained by synthesizing a first fundamental wave
of which the center frequency is “f1” with a second funda-
mental wave of which the center frequency is “f2” that is
higher than “f1”. The synthesized waveform is a waveform
obtained by synthesizing the waveform of the first fundamen-
tal wave with the waveform of the second fundamental wave,
both of which have the phases thereof adjusted, so that a
difference tone component having the same polarity as the
second harmonic component occurs. The transmitting and
receiving unit 11 transmits the transmission ultrasound wave
having the synthesized waveform twice, for example, while
inverting the phase thereof. In that situation, for example, by
adding the two reception signals together, the B-mode pro-
cessing unit 13 extracts the harmonic component from which
the fundamental wave component is eliminated and in which
the difference tone component and the second harmonic com-
ponent chiefly remain, before performing an envelope detec-
tion process or the like.

[0042] Returning to the description of FIG. 1, the Doppler
processing unit 14 generates data (Doppler data) by extract-
ing motion information based on the Doppler effect of a
moving object that is present in the scanned region, by per-
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forming a frequency analysis on the reflected-wave data read
from the buffer 12. More specifically, as the motion informa-
tion of the moving object, the Doppler processing unit 14
generates the Doppler data by extracting an average velocity,
adispersion value, a power value, and the like with respect to
multiple points. In this situation, examples of the moving
object include bloodstream, a tissue such as the cardiac wall,
and a contrast agent.

[0043] By using the functionof the Doppler processing unit
14 capable of extracting the motion information of the mov-
ing object, the ultrasound diagnosis apparatus according to
the first embodiment is able to implement a color Doppler
method which may be called a Color Flow Mapping (CFM)
method or a Tissue Doppler Imaging (TDI) method. Further,
by using the function of the Doppler processing unit 14, the
ultrasound diagnosis apparatus according to the first embodi-
ment is also able to perform an elastography process. In a
color Doppler mode, the Doppler processing unit 14 genet-
ates, as the motion information of the moving object, color
Doppler data by extracting an average velocity, a dispersion
value, a power value, and the like with respect to multiple
points in a two-dimensional space or a three-dimensional
space.

[0044] In a tissue Doppler mode, the Doppler processing
unit 14 generates, as the motion information of the tissue
serving as the moving object, tissue Doppler data by extract-
ing anaverage velocity, a dispersion value, a power value, and
the like with respect to multiple points in a two-dimensional
space or a three-dimensional space. In an elastography mode,
the Doppler processing unit 14 calculates a displacement by
time-integrating velocity distribution information obtained
from the tissue Doppler data. Further, by performing a pre-
determined calculation (e.g., a spatial differential) on the
calculated displacement, the Doppler processing unit 14 cal-
culates local strains in the tissue. Further, by color coding
values expressing the local strains in the tissue, the Doppler
processing unit 14 generates strain distribution information.
The harder a tissue is, the lower is the tendency for the tissue
to change the form thereof. Consequently, the strain value of
a harder tissue is smaller, whereas the strain value of a softer
tissue in the subject’s body is larger. In other words, the strain
value is a value that indicates the hardness (the elasticity) of
the tissue. In the elastography mode, for example, the tissue is
caused to change the form thereof, when the operator manu-
ally vibrates the ultrasound probe 1 abutting against the body
surface of the subject so as to apply and release pressure to
and from the tissue. Alternatively, in the elastography mode,
for example, the tissue is caused to change the form thereof,
when a force is applied thereto with acoustic emission pres-
sure.

[0045] In this situation, the B-mode processing unit 13 and
the Doppler processing unit 14 shown in FIG. 1 are able to
process both two-dimensional reflected-wave data and three-
dimensional reflected-wave data. In other words, the B-mode
processing unit 13 is able to generate two-dimensional
B-mode data from the two-dimensional reflected-wave data
and to generate three-dimensional B-mode data from the
three-dimensional reflected-wave data. The Doppler process-
ing unit 14 is able to generate two-dimensional Doppler data
from the two-dimensional reflected-wave data and to gener-
ate three-dimensional Doppler data from the three-dimen-
sional reflected-wave data. Ultrasound scans performed in the
Doppler mode or the elastography mode as well as processes
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performed by the Doppler processing unit 14 in the first
embodiment will be explained later in detail.

[0046] The image generating unit 15 generates ultrasound
image data from the data generated by the B-mode processing
unit 13 and the Doppler processing unit 14. From the two-
dimensional B-mode data generated by the B-mode process-
ing unit 13, the image generating unit 15 generates two-
dimensional B-mode image data in which the strength of the
reflected wave is expressed by a degree of brightness. Further,
from the two-dimensional Doppler data generated by the
Doppler processing unit 14, the image generating unit 15
generates two-dimensional Doppler image data expressing
moving object information. The two-dimensional Doppler
image data is velocity image data, dispersion image data,
power image data, or image data combining any of these types
of image data.

[0047] Inthis situation, generally speaking, the image gen-
erating unit 15 converts (by performing a scan convert pro-
cess) a scanning line signal sequence from an ultrasound scan
into a scanning line signal sequence in a video formatused by,
for example, television and generates display-purpose ultra-
sound image data. More specifically, the image generating
unit 15 generates the display-purpose ultrasound image data
by performing a coordinate transformation process compliant
with the ultrasound scanning mode used by the ultrasound
probe 1. Further, as various types of image processing pro-
cesses other than the scan convert process, the image gener-
ating unit 15 performs, for example, an image processing
process (a smoothing process) to re-generate a luminance-
average image or an image processing process (an edge
enhancement process) using a differential filter within
images, while using a plurality of image frames obtained after
the scan convert process is performed. Further, the image
generating unit 15 synthesizes text information of various
parameters, scale graduations, body marks, and the like with
the ultrasound image data.

[0048] In other words, the B-mode data and the Doppler
data are the ultrasound image data before the scan convert
process is performed. The data generated by the image gen-
erating unit 15 is the display-purpose ultrasound image data
obtained after the scan convert process is performed. The
B-mode data and the Doppler data may also be referred to as
raw data. The image generating unit 15 generates display-
purpose two-dimensional ultrasound image data, from the
two-dimensional ultrasound image data before the scan con-
vert process is performed.

[0049] Further, the image generating unit 15 generates
three-dimensional B-mode image data by performing a coor-
dinate transformation process on the three-dimensional
B-mode data generated by the B-mode processing unit 13.
Further, the image generating unit 15 generates three-dimen-
sional Doppler image data by performing a coordinate trans-
formation process on the three-dimensional Doppler data
generated by the Doppler processing unit 14. The image
generating unit 15 generates “the three-dimensional B-mode
image data or the three-dimensional Doppler image data” as
“three-dimensional ultrasound image data (volume data)”.
[0050] Further, the image generating unit 15 performs a
rendering process on the volume data, to generate various
types of two-dimensional image data used for displaying the
volume data on the monitor 2. Examples of the rendering
process performed by the image generating unit 15 include a
process to generate Multi Planar Reconstruction (MPR)
image data from the volume data by implementing an MPR
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method. Another example of the rendering process performed
by the image generating unit 15 is Volume Rendering (VR)
process to generate two-dimensional image data that reflects
three-dimensional information.

[0051] The image memory 16 is a memory for storing
therein the display-purpose image data generated by the
image generating unit 15. Further, the image memory 16 is
also able to store therein the data generated by the B-mode
processing unit 13 and the Doppler processing unit 14. After
a diagnosis process, for example, the operator is able to
invoke the B-mode data or the Doppler data stored in the
image memory 16. The invoked data serves as the display-
purpose ultrasound image data via the image generating unit
15. Further, the image memory 16 is also able to store therein
the reflected-wave data output by the transmitting and receiv-
ing unit 11.

[0052] The internal storage unit 17 stores therein various
types of data such as a control computer program (hereinafter,
“control program”) to realize ultrasound transmissions and
receptions, image processing, and display processing, as well
as diagnosis information (e.g., patients’ IDs, medical doctors’
observations), diagnosis protocols, and various types of body
marks. Further, the internal storage unit 17 may be used, as
necessary, for storing therein any of the image data stored in
the image memory 16. Further, it is possible to transfer the
data stored in the internal storage unit 17 to external appara-
tuses via an interface (not shown). Further, the internal stor-
age unit 17 is also able to store therein data that is transferred
thereto from an external apparatus via an interface (not
shown).

[0053] The controlling unit 18 is configured to control the
entire processes performed by the ultrasound diagnosis appa-
ratus. More specifically, based on the various types of setting
requests input by the operator via the input device 3 and
various types of control programs and various types of data
read from the internal storage unit 17, the controlling unit 18
controls processes performed by the transmitting and receiv-
ing unit 11, the B-mode processing unit 13, the Doppler
processing unit 14, and the image generating unit 15. Further,
the controlling unit 18 exercises control so that the monitor 2
displays the display-purpose ultrasound image data stored in
the image memory 16 and the internal storage unit 17.
[0054] The transmitting and receiving unit 11 and the like
installed in the apparatus main body 10 may be configured
with hardware such as an integrated circuit or may be config-
ured with a computer program that is structured with modules
in the manner of software.

[0055] An overall configuration of the ultrasound diagnosis
apparatus according to the first embodiment has thus been
explained. The ultrasound diagnosis apparatus according to
the first embodiment configured as described above displays,
at the same time, B-mode image data that is tissue image data
and color Doppler image data that is bloodstream image data.
To realize the display, the controlling unit 18 causes the
ultrasound probe 1 to perform a first ultrasound scan to obtain
information related to motion of a moving object withina first
scanned region. The first ultrasound scan is, for example, an
ultrasound scan to acquire color Doppler image data in the
color Doppler mode. Further, together with the first ultra-
sound scan, the controlling unit 18 causes the ultrasound
probe 1 to perform a second ultrasound scan to obtain infor-
mation about a tissue form within a second scanned region.
The second ultrasound scan is, for example, an ultrasound
scan to acquire B-mode image data in the B-mode.
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[0056] By controlling the ultrasound probe 1 via the trans-
mitting and receiving unit 11, the controlling unit 18 causes
the first ultrasound scan and the second ultrasound scan to be
performed. The first scanned region and the second scanned
region may be the same region as each other. Alternatively,
the first scanned region may be smaller than the second
scanned region. Conversely, the second scanned region may
be smaller than the first scanned region.

[0057] According to a commonly-used color Doppler
method, an ultrasound wave is transmitted multiple times in
mutually the same direction, so that motion information of
bloodstream is extracted by performing a frequency analysis
based on the Doppler effect on the signals received as a result
of the transmissions. A data sequence of reflected-wave sig-
nals from mutually the same location in the data obtained by
transmitting an ultrasound wave multiple times in mutually
the same direction will be referred to as a “packet”. According
to the commonly-used color Doppler method, the packet size
ranges from 5 to 16, approximately. The signals from the
bloodstream are extracted by applying a wall filter (as well as
known MTI filter) to the packet, the wall filter being config-
ured to suppress signals from the tissue (which may be
referred to as “clutter signals”). Further, according to the
commonly-used color Doppler method, bloodstream infor-
mation such as an average velocity, a dispersion, a power,
and/or the like is displayed based on the extracted signals.
[0058] The commonly-used color Doppler method, how-
ever, has problems that can be explained as follows: Because
packets are closed in ultrasound scan frames according to the
commonly-used color Doppler method, when the packet size
is arranged to be larger, the frame rate drops. Also, according
to the commonly-used color Doppler method, an Infinite
Impulse Response (IIR) filter is often used as the wall filter.
When the packet size is small, because the IIR filter has a
transient response, the level of performance of the IR filter is
degraded. The IIR filter is a type of Moving Target Indicator
(MTT) filter, which is a High Pass Filter (HPF).

[0059] To solve the problems described above, a high frame
rate method will be used, by which the motion information of
a moving object such as the bloodstream is imaged at a high
frame rate. According to the high frame rate method, instead
of handling the packets as being closed in the frames, signals
from mutually the same location among mutually-different
frames are handled as a packet. According to the high frame
rate method, an ultrasound scan that is similar to a B-mode
scan is performed. In other words, according to the high frame
rate method, an ultrasound transmission/reception is pet-
formed once for each of a plurality of scanning lines struc-
turing a scanned region corresponding to one frame. Further,
according to the high frame rate method, data processing is
performed along the frame direction on a sequence of pieces
of data (hereinafter, a “data sequence”) that are in mutually
the same position among the mutually-different frames.
[0060] As aresult, by using the high frame rate method, it is
possible to arrange the wall filtering process to be a process
performed on data having an infinite length, instead of a
process performed on the packets, which is data having a
finite length. It is therefore possible to enhance the level of
performance of the IIR filter and, at the same time, it is
possible to display the bloodstream information at the same
frame rate as a scan frame rate.

[0061] In other words, according to the high frame rate
method, because the Pulse Repetition Frequency (PRF) is
equal to the frame rate, the aliasing velocity becomes low.
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Thus, the high frame rate method has an advantage where it is
possible to observe the bloodstream even at a low flow rate.

[0062] The Doppler processing unit 14 according to the
first embodiment is able to implement the high frame rate
method, together with the commonly-used color Doppler
method. In the following sections, the Doppler processing
unit 14 will be explained, with reference to FIGS. 3 and 4.
FIG. 3 is ablock diagram of an exemplary configuration of the
Doppler processing unit shown in FIG. 1. FIG. 4 is a drawing
for explaining a wall filtering process performed by imple-
menting the high frame rate method.

[0063] Asillustrated in FIG. 3, the Doppler processing unit
14 includes a wall filter 141, an auto-correlation calculating
unit 142, an average velocity/dispersion calculating unit 143,
a power calculating unit 144, a power adding unit 145, and a
logarithmic compression unit 146. Further, as illustrated in
FIG. 3, the Doppler processing unit 14 includes an average
power calculating unit 147 and a power correcting unit 148.

[0064] The wall filter 141 is a processing unit configured to
perform an IIR filtering process and is configured by using a
biquadratic IIR filter, for example. As illustrated in FIG. 4, to
obtain IR filter output data (a bloodstream signal) for an
“n-th” frame, the wall filter 141 uses reflected-wave data (a
reception signal) in the “n-th” frame, reflected-wave data
(reception signals) in the past four frames (namely, the “(n-
4Hth” to the “(n-1)th” frames), and IIR filter output data
(bloodstream signals) in the past four frames, corresponding
to mutually the same position. Each of these pieces of
reflected-wave data is, as described above, reflected-wave
data that is generated by performing an ultrasound transmis-
sion/reception once for each of the plurality of scanning lines
structuring the scanned region (the first scanned region) cor-
responding to one frame. As a result of the IIR filtering
process performed by the wall filter 141, it is possible to
extract a bloodstream signal from which clutter signals are
eliminated, with a high level of precision. When an ultrasound
scan is performed using the high frame rate method, because
the data having an infinite length is continuously input to the
wall filter 141, no transient response occurs during the wall
filtering process.

[0065] Returning to the description of FIG. 3, the auto-
correlation calculating unit 142 calculates an auto-correlation
value by calculating complex conjugates between the 1Q sig-
nals of the bloodstream signal in the latest frame and the 1Q
signals of the bloodstream signal in the immediately preced-
ing frame. The average velocity/dispersion calculating unit
143 calculates an average velocity and a dispersion from the
auto-correlation value calculated by the auto-correlation cal-
culating unit 142.

[0066] Further, the power calculating unit 144 calculates a
power value by adding together a value obtained by raising
the absolute value of the real-part of the IQ signals of the
bloodstream signal to the second power and another value
obtained by raising the absolute value of the imaginary-part to
the second power. The power value is a value indicating the
magnitude of scattering caused by reflecting objects (e.g.,
blood cells) that are smaller than the wavelength of the trans-
mitted ultrasound wave. The power adding unit 145 adds
together the power values at each of the points among arbi-
trary frames. The logarithmic compression unit 146 performs
a logarithmic compression on the output from the power
adding unit 145. The pieces of data output by the average
velocity/dispersion calculating unit 143 and the logarithmic
compression unit 146 are output to the image generating unit
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15 as Doppler data. The Doppler processing unit 14 is able to
implement both the high frame rate method and the com-
monly-used color Doppler method. Further, in addition to the
motion information of the bloodstream, the Doppler process-
ing unit 14 is also able to generate motion information of a
tissue.

[0067] According to the high frame rate method described
above, however, it is easier for clutter signals to pass the wall
filter, and a motion artifact may occur in some situations. In
particular, while the ultrasound probe 1 is being moved, the
entire screen is displayed with clutter signals. In addition,
when an ultrasound scan is performed by implementing the
commonly-used color Doppler method described above, a
motion artifact occurs when the aliasing velocity is lowered.
[0068] To solve these problems, the Doppler processing
unit 14 includes the average power calculating unit 147 and
the power correcting unit 148. The average power calculating
unit 147 is configured to calculate an average power value for
one frame or within a local region, on the basis of a power
addition value on which a logarithmic compression has been
performed. The power correcting unit 148 is configured to
perform a correcting process on each of such points (pixels)
of which the average power value exceeds a threshold value.
More specifically, the power correcting unit 148 subtracts “a
value obtained by multiplying a difference between the aver-
age power value and the threshold value by a predetermined
coefficient” from the power value of each of such pixels of
which the average power value exceeds the threshold value.
With this arrangement, the power correcting unit 148 corrects
the power value of each of such pixels of which the average
power value exceeds the threshold value.

[0069] The operator is able to arrange a setting as to
whether the power correcting process is to be performed or
not. While the power correcting process is performed, the
data output by the power correcting unit 148 is also output to
the image generating unit 15 as Doppler data. While the
power correcting process is performed, the image generating
unit 15 generates, for example, bloodstream image data ren-
dering information about the power and a direction (the sign
of the velocity). It should be noted that the first embodiment
is also applicable to a situation where the power correcting
process is not performed.

[0070] Next, three conventional methods that can be used
for displaying the tissue image data and the bloodstream
image data at the same time will be explained as examples.
These three methods described below, however, have various
problems. The problems will be explained with reference to
FIGS. 4, 5A, 5B, and 6. FIGS. 5A and 5B are drawings for
explaining the examples of the conventional methods. FIG. 6
is adrawing of an example of a problem with the conventional
methods.

[0071] A first method is the high frame rate method by
which, as explained with reference to FIG. 4, an ultrasound
transmission/reception is performed once for each of the plu-
rality of scanning lines structuring the scanned region corre-
sponding to one frame, so that the bloodstream signal and the
tissue signal are extracted and become subject to an imaging
process while using the same piece of reflected-wave data. In
other words, according to the first method, the first ultrasound
scan is the same as the second ultrasound scan.

[0072] The first method, however, has the following three
problems: A first problem of the first method is caused by the
fact that it is necessary to raise the gain of a pre-amplifying
process performed by the amplifying circuit in the transmit-
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ting and receiving unit 11, for the purpose of obtaining the
bloodstream signal with an excellent sensitivity. In other
words, when the gain is raised, the reflected-wave signals
from a tissue having a high reflection intensity are more prone
to saturate in the processes at subsequent stages. If the satu-
ration has occurred, the gray-scale levels of the tissue having
the high reflection intensity become lower, and obtained
B-mode image data has less contrast.

[0073] A second problem of the first method is caused by
the fact that the frame rate according to the first method is a
PRF. In other words, it is necessary to raise the frame rate to
reduce aliasing of the bloodstream velocity. However, if the
raster density is lowered for the purpose of raising the frame
rate, the resolution of the B-mode image data in the azimuth
direction is degraded. As a result, the B-mode image dis-
played on the monitor 2 will be an image experiencing a
significant cross-flow and thus having a lower image quality,
as illustrated in FIG. 6.

[0074] A third problem of the first method is that it is
required to perform fundamental-wave transmissions/recep-
tions in order to obtain the bloodstream signal with an excel-
lent sensitivity. For this reason, it is not possible to generate
and display B-mode image data by performing the THI pro-
cess realized by receiving a second harmonic, which is a
popularly-used method for observing tissues in recent years.

[0075] According to a second method for displaying the
tissue image data and the bloodstream image data at the same
time, the second ultrasound scan to acquire the tissue image
data (the B-mode images) and the first ultrasound scan to
acquire the bloodstream image data (the color Doppler
images) are performed separately and alternately, as illus-
trated in FIG. 5A. In an ultrasound scan procedure illustrated
in FIG. 5A, the first scanned region for a color Doppler
purpose is structured with “60” scanning lines, whereas the
second scanned region for a B-mode purpose is structured
with “120” scanning lines. In the example in FIG. 5A, the first
ultrasound scan and the second ultrasound scan are per-
formed so that an ultrasound scan for each of the scanning
lines is performed at regular interval equal to “1/PRF”. In the
example in FIG. 5A, the frame time period is calculated as
“(60+120)/PRF”, which is a sum of the time period “60/PRF”
required by the first ultrasound scan corresponding to one
frame and the time period “120/PRF” required by the second
ultrasound scan corresponding to one frame.

[0076] According to the second method, although it is pos-
sible to acquire B-mode image data having high image qual-
ity, a problem remains where the velocity is prone to experi-
ence aliasing due to a fall in the frame rate of the bloodstream
image data.

[0077] According to a third method for displaying the tis-
sue image data and the bloodstream image data at the same
time, as illustrated in FIG. 5B, the first ultrasound scan to
acquire the bloodstream image data (the color Doppler
images) is performed constantly, whereas the second ultra-
sound scan to acquire the tissue image data (the B-mode
images) is inserted once in every predetermined time period.
Further, according to the third method, a bloodstream image
signal during a time period when the second ultrasound scan
is performed is estimated by performing an interpolation
process based on the bloodstream signals before and after the
time period when the second ultrasound scan is performed, so
that estimated images can be displayed. In the example illus-
trated in FIG. 5B, the frame time period of the color Doppler
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images including the estimated images is “60/PRF”, whereas
the frame time period of the B-mode images is “(60x4+120)/
PRF”.

[0078] However, because the wall filter is a high pass filter,
a problem remains where using the estimated signals leads to
an occurrence of noise, and the bloodstream image data thus
contains the noise. In addition, because the wall filter is an IIR
filter, the impact of the noise is spread to a certain number of
frames before and after the estimated frames. As a result, the
images contain a large amount of noise as a whole.

[0079] As explained above, according to the first, the sec-
ond, and the third methods, the image quality of the images
indicating the moving object information and the tissue
images that are displayed at the same time may be degraded in
some situations. To cope with these situations, the controlling
unit 18 according to the first embodiment causes the second
ultrasound scan to be performed in the manner described
below, for the purpose of improving the image quality of the
images indicating the moving object information and the
tissue images that are displayed at the same time.

[0080] Specifically, as the second ultrasound scan, the con-
trolling unit 18 according to the first embodiment causes the
ultrasound probe 1 to perform an ultrasound scan in each of a
plurality of sectioned regions into which the second scanned
region is divided, in a time-division manner between the first
ultrasound scans. In other words, according to the first
embodiment, a part of the second ultrasound scan is per-
formed between the first ultrasound scans, so that the second
ultrasound scan corresponding to one frame is completed in a
time period during which the first ultrasound scans corre-
sponding to a certain number of frames are performed. With
this arrangement, according to the first embodiment, it is
possible to set ultrasound transmission/reception conditions
for the first ultrasound scan and for the second ultrasound
scan, independently of each other.

[0081] An example of the controlling process described
above will be explained, with reference to FIGS. 7 and 8.
FIGS. 7 and 8 are drawings for explaining the controlling umt
according to the first embodiment. For example, on the basis
of an instruction from the operator or information in an initial
setting or the like, the controlling unit 18 divides the second
scanned region into four sectioned regions (first to fourth
sectioned regions). The regions each marked with a “B” in
FIG. 7 are the regions in which an ultrasound scan is pet-
formed by using a B-mode transmission/reception condition.
The regions each marked with a “D” in FIG. 7 are the regions
in which an ultrasound scan is performed by using a color
Doppler mode transmission/reception condition. For
example, the regions each marked with a “D”in FIG. 7 are the
regions in which the ultrasound scan is performed by imple-
menting the high frame rate method described above. In other
words, the first ultrasound scan illustrated in FIG. 7 is per-
formed by performing an ultrasound transmission/reception
once for each of the scanning lines, unlike in the commonly-
used color Doppler method by which an ultrasound wave is
transmitted multiple times in mutually the same direction so
as to receive the reflected wave multiple times. In other
words, the controlling unit 18 causes the ultrasound scan to
acquire bloodstream Doppler image data to be performed, as
the first ultrasound scan. Further, as the first ultrasound scan,
the controlling unit 18 causes the ultrasound scan to be per-
formed according to a method for obtaining information
related to motion of the moving object by which a high pass
filtering process (e.g., the IR filtering process) is performed
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along the frame direction on the reception signals (the
reflected-wave data) obtained from the plurality of scanning
lines structuring the first scanned region. As the first ultra-
sound scan, the controlling unit 18 according to the first
embodiment causes the ultrasound scan to be performed
according to a method for obtaining a data sequence along the
frame direction by which the reception signals are obtained
from the plurality of scanning lines structuring the first
scanned region by performing an ultrasound transmission/
reception once for each of the scanning lines, so that the high
pass filtering process is performed on the obtained reception
signals. In other words, as the first ultrasound scan, the con-
trolling unit 18 according to the first embodiment causes the
ultrasound scan to be performed according to the method (the
high frame rate method) for obtaining the information related
to the motion of the moving object by using the reflected
waves corresponding to the plurality of frames, by which an
ultrasound transmission/reception is performed once each for
the plurality of scanning lines structuring the first scanned
region.

[0082] First, the controlling unit 18 causes an ultrasound
scan for the first sectioned region to be performed as the
second ultrasound scan (see FIG. 7(1)) and subsequently
causes the first ultrasound scan for the second scanned region
(corresponding to one frame) to be performed (see F1IG. 7(2)).
After that, the controlling unit 18 causes an ultrasound scan
for the second sectioned region to be performed as the second
ultrasound scan (see F1G. 7(3)) and subsequently causes the
first ultrasound scan for the second scanned region (corre-
sponding to one frame) to be performed (see FIG. 7(4)). After
that, the controlling unit 18 causes an ultrasound scan for the
third sectioned region to be performed as the second ultra-
sound scan (see FIG. 7(5)) and subsequently causes the first
ultrasound scan for the second scanned region (correspond-
ing to one frame) to be performed (see FIG. 7(6)). After that,
the controlling unit 18 causes an ultrasound scan for the
fourth sectioned region to be performed as the second ultra-
sound scan (see FIG. 7(7)) and subsequently causes the first
ultrasound scan for the second scanned region (correspond-
ing to one frame) to be performed (see FIG. 7(8)).

[0083] Inthis situation, as illustrated in FIG. 7, the control-
ling unit 18 arranges the first ultrasound scans to be per-
formed at regular intervals. In other words, a “point X on a
“given scanning line” in the first scanned region is scanned
once each during the first ultrasound scans at steps (2), (4),
(6),and (8) in FIG. 7. At that time, control is exercised so that
each of the scanning intervals has a constant value “T”. More
specifically, the controlling unit 18 arranges the first ultra-
sound scans to be performed at the regular intervals, by
arranging the time periods required by the sectioned scans of
the second ultrasound scan to be equal to one another. For
example, the controlling unit 18 exercises control so that the
time periods required by the sectioned scans of the second
ultrasound scan performed at steps (1), (3), (5), and (7) in
FIG. 7 are always equal. The controlling unit 18 arranges the
size of the sectioned regions into which the second scanned
region is divided, the quantities of scanning lines, and the
densities and the depths of the scanning lines to be equal. For
example, if the quantities of scanning lines are equal, the time
periods required by the sectioned scans of the second ultra-
sound scan are also equal. As illustrated in FIG. 7, the Dop-
pler processing unit 14 outputs the motion information of the
bloodstream at the “point X”, by performing the IIR filtering
process described above on the data sequence (X, 5, X, .,
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X,,.;» and X)) marked with the “D” that are in mutually the
same position and from the mutually-different frames.
[0084] As explained above, according to the first embodi-
ment, because it is possible to set the ultrasound transmission/
reception conditions for the first ultrasound scan and for the
second ultrasound scan independently of each other, it is
possibleto solve the problems described above. First, because
it is possible to optimize the gain of the pre-amplifying pro-
cess separately for the first ultrasound scan and for the second
ultrasound scan, it is possible to avoid the situation where the
reflected-wave signals from the tissue saturate.

[0085] Further, because the second ultrasound scan is per-
formed as the sectioned scans that are performed multiple
times between the first ultrasound scans each corresponding
to one frame, it is possible to lower the degree of the frame
rate drop that is caused by performing the second ultrasound
scan corresponding to one frame. As a result, it is possible to
raise the aliasing velocity of the bloodstream.

[0086] Further, because the second ultrasound scan corre-
sponding to one frame is performed in the form of the sec-
tioned scans performed multiple times, it is possible to
increase the density of the scanning lines in the B-mode, and
it is therefore possible to, for example, avoid the situation
where cross-flows occur in the B-mode image data.

[0087] Further, because it is possible to set the ultrasound
transmission/reception conditions for the first ultrasound
scan and for the second ultrasound scan independently of
each other, it is possible to acquire the tissue image data by
performing the THI process. In other words, it is possible to
perform the second ultrasound scan under an ultrasound
transmission/reception condition suitable for performing the
THI process with the filtering process described above. Fur-
ther, it is possible to perform the second ultrasound scan
under an ultrasound transmission/reception condition suit-
able for performing the THI process according to an imaging
method by which ultrasound transmissions having a plurality
of rates are performed on any one scanning line, such as the
AM method, the PM method, the AMPM method, or the
method using difference tone component.

[0088] It should be noted that, however, according to the
method in the first embodiment, the frame rate of the tissue
images becomes low, as a trade-off. For example, in the
example shown in FIG. 7, the pieces of bloodstream informa-
tion each corresponding to one frame are output at the inter-
vals “T”. In other words, the frame rate of the bloodstream
images (the color Doppler images) is “1/T”. Further, in the
example shown in FIG. 7, although the pieces of partial
B-mode data (the tissue images) are also output at the inter-
vals “T”, only “¥4” of the entire second scanned region is
scanned while the bloodstream images corresponding to one
frame are output.

[0089] Inother words, in the example shown in FIG. 7, the
frame rate to complete the scanning of the entire second
scanned region is “1/(4T)”. Further, when the THI process is
performed according to the imaging method by which the
ultrasound transmissions having a plurality of rates are per-
formed on any one scanning line, the number of times the
ultrasound transmission needs to be performed to obtain the
reception signals corresponding to one frame increases. Thus,
it is necessary to increase the quantity of sections into which
the second scanned region is divided, in comparison to an
ordinary B-mode image taking process and to a situation
where the THI process is performed with the filtering process.
For example, when using the PM method, the quantity of
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sections into which the second scanned region is divided is
changed from four sections to eight sections. In that situation,
the frame rate to complete the scanning of the entire second
scanned region is “1/(8T)”. As explained here, when the
method according to the first embodiment is used, the frame
rate of the tissue images is slower than the frame rate of the
bloodstream images. This is because the purpose of the ultra-
sound scans performed according to the present method is to
raise the frame rate of the bloodstream images. In other
words, the aliasing velocity of the bloodstream is determined
by the frame rate “1/T” of the bloodstream images obtained
by using the high frame rate method.

[0090] In this situation, as explained above, when the high
frame rate method is used, because the PRF is equal to the
frame rate, it is necessary to raise the scan rate “1/T” to view
bloodstream having a high flow rate without aliasing. In other
words, it is necessary to keep the value of “T” small. How-
ever, if the quantity of scanning lines for the tissue images and
the bloodstream images to be eventually displayed is reduced
for the purpose of keeping the value of “T” small, the image
quality of the tissue images and the bloodstream images
becomes low. For this reason, to maintain the image quality of
the tissue images and the bloodstream images, it is desirable
to reduce the quantity of scanning lines while maintaining the
density of the scanning lines corresponding to the one-time
sectioned scan in the B-mode. As a trade-off for performing
such a process, the frame rate to display the complete tissue
images becomes low, as mentioned above. However, gener-
ally speaking, when tissue images and bloodstream images
are displayed at the same time, viewing the bloodstream is the
main purpose, while the tissue images serve as a guide for
viewing the bloodstream images. Thus, the problem caused
by the frame rate of the tissue images becoming low is small.
[0091] However, it should be noted that, according to the
first embodiment, when performing the second ultrasound
scan illustrated in FIG. 7, the controlling unit 18 updates the
tissue images for each of the sectioned scanned regions,
instead of updating the tissue images at the intervals “4T”.
This update control will be explained by using the second
ultrasound scan illustrated in FIG. 7. As illustrated in FIG. 8,
when B-mode image data in the first sectioned region is newly
generated (see “5”in FIG. 8), while B-mode image data in the
first to the fourth sectioned regions (see “1” to “4” in FIG. 8)
is being displayed, the controlling unit 18 updates the B-mode
image data “1” in the first sectioned region to “5”.

[0092] After that, as illustrated in FIG. 8, when B-mode
image data in the second sectioned region is newly generated
(see “6” in FIG. 8), the controlling unit 18 updates the
B-mode image data “2” in the second sectioned region to “6”.
Subsequently, as illustrated in FIG. 8, when B-mode image
data in the third sectioned region is newly generated (see “7”
in FIG. 8), the controlling unit 18 updates the B-mode image
data “3” in the third sectioned region to “7”. After that,
although not shown in the drawing, when B-mode image data
in the fourth sectioned region is newly generated (“8”), the
controlling unit 18 updates the B-mode image data “4” in the
fourth sectioned region to “8”.

[0093] Subsequently, the controlling unit 18 exercises dis-
play control as shown in FIGS. 9A and 9B, for example.
FIGS. 9A and 9B are drawings of examples of display modes
according to the first embodiment. For example, under the
control of the controlling unit 18, the monitor 2 displays the
B-mode images (the tissue images) on the left side, while
displaying superimposed images on the right side in which
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the B-mode images and the color Doppler images (the blood-
stream images) are superimposed together, as shown in FIG.
9A. In the example shown in FIG. 9A, the first scanned region
is set within the second scanned region.

[0094] FIG. 9B illustrates an example in which the B-mode
images shown in FIG. 9A are “B-mode images generated by
performing the THI process”, whereas the color Doppler
images shown in FIG. 9A are power images. Alternatively, the
B-mode images shown in FIG. 9A may be ordinary B-mode
images. Further, the color Doppler images shown in FIG. 9A
may be images in which velocity data and dispersion data are
combined together. In another example, the images displayed
on the right side of the monitor 2 may be the bloodstream
images only. Further, if the power correcting process
described above has been performed, the bloodstream images
displayed on the right side of the monitor 2 may be blood-
stream images in which information about both the power and
the direction (the sign of the velocity) is rendered.

[0095] Next, an example of an ultrasound scan controlling
process performed by the ultrasound diagnosis apparatus
according to the first embodiment will be explained, with
reference to FIG. 10. FIG. 10 is a flowchart for explaining an
example of the ultrasound scan controlling process per-
formed by the ultrasound diagnosis apparatus according to
the first embodiment. FIG. 10 is a flowchart of an example in
which the second scanned region is divided into four sections.
[0096] As shown in FIG. 10, the controlling unit 18
included in the ultrasound diagnosis apparatus according to
the first embodiment judges whether a request to start an
ultrasound scan has been received (step S101). If no request to
start a scan has been received (step S101: No), the controlling
unit 18 stands by until a request to start a scan is received.
[0097] On the contrary, if a request to start a scan has been
received (step S101: Yes), the controlling unit 18 causes the
first sectioned region of the second scanned region to be
scanned under a B-mode condition (step S102) and subse-
quently, causes the first scanned region to be scanned under a
color Doppler mode condition (step S103). After that, the
controlling unit 18 causes the second sectioned region of the
second scanned region to be scanned under the B-mode con-
dition (step S104) and subsequently, causes the first scanned
region to be scanned under the color Doppler mode condition
(step S105).

[0098] After that, the controlling unit 18 causes the third
sectioned region of the second scanned region to be scanned
under the B-mode condition (step S106) and subsequently,
causes the first scanned region to be scanned under the color
Doppler mode condition (step S107). After that, the control-
ling unit 18 causes the fourth sectioned region of the second
scanned region to be scanned under the B-mode condition
(step S108) and subsequently, causes the first scanned region
to be scanned under the color Doppler mode condition (step
S109).

[0099] Further, the controlling unit 18 judges whether a
request to end the ultrasound scan has been received (step
S110). If no request to end the scan has been received (step
S110: No), the process returns to step S102 where the con-
trolling unit 18 causes the first sectioned region of the second
scanned region to be scanned under the B-mode condition.
[0100] On the contrary, if a request to end the scan has been
received (step S110: Yes), the controlling unit 18 ends the
ultrasound scan controlling process. FIG. 10 describes the
example in which the sectioned scan of the second ultrasound
scan is performed first. However, the first embodiment may
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be configured so that the first ultrasound scan is performed
first. Further, FIG. 10 describes the example in which it is
judged whether a request to end the scan has been received at
the point in time when all of the sectioned regions of the
second scanned region have finished being processed. How-
ever, the first embodiment is also applicable to a situation
where it is judged whether a request to end the scan has been
received every time a scan for each of the sectioned regions of
the second scanned region or a scan for the first scanned
region is completed.

[0101] As explained above, according to the first embodi-
ment, it is possible to set the ultrasound transmission/recep-
tion conditions for the first ultrasound scan and for the second
ultrasound scan independently of each other, because the
second ultrasound scan is performed in the form of the sec-
tioned scans performed multiple times between the first ultra-
sound scans each corresponding to one frame. In other words,
according to the first embodiment, it is possible to set an
ultrasound transmission/reception condition optimal for the
B-mode and to set an ultrasound transmission/reception con-
dition optimal for the color Doppler mode. For example,
according to the first embodiment, as the ultrasound trans-
mission/reception condition for the second ultrasound scan, it
1s possible to set an ultrasound transmission/reception condi-
tion optimal for the THI process performed by implementing
the PM method. As a result, according to the first embodi-
ment, it is possible to improve the image quality of the blood-
stream images (the images indicating the moving object
information) and the tissue images that are displayed at the
same time.

[0102] Further, according to the first embodiment, by
arranging the first ultrasound scans to be performed at the
regular intervals, it is possible to adjust the frame rate so that
no aliasing occurs in the bloodstream images.

[0103] As a second embodiment, an example will be
explained in which an output controlling process for gener-
ated image data is exercised by applying the scan control
explained in the first embodiment, with reference to FIG. 11
and the like. FIG. 11 is a drawing for explaining the second
embodiment.

[0104] An ultrasound diagnosis apparatus according to the
second embodiment is configured to be similar to the ultra-
sound diagnosis apparatus according to the first embodiment
explained with reference to FIG. 1. It should be noted, how-
ever, that the controlling unit 18 according to the second
embodiment is configured to further exercise control so that
the plurality of pieces of image data in the first scanned region
that have been generated by the first ultrasound scan are
output as one piece of image data, in accordance with the time
period required by the first ultrasound scan performed at one
time and the display frame rate of the monitor 2.

[0105] Inthe first embodiment, the bloodstream image data
corresponding to one frame and the tissue image data updated
by an amount corresponding to “l/the quantity of divided
sections” are output every time the ultrasound scan in the
color Doppler mode (i.e., the first ultrasound scan) and a
sectioned scan of the B-mode ultrasound scan (a sectioned
scan of the second ultrasound scan) is performed once. In this
situation, if the generation frame rate of the bloodstream
image data is higher than the display frame rate of the monitor
2, some of the frames are not displayed. For example, if the
frame rate of the bloodstream images is 120 fps, it is possible
to display only “%2” of the image data output from the image
generating unit 15, on the monitor 2 that is TV-scanned at 60
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fps. In another example, if the frame rate of the bloodstream
images is 1800 fps, it is possible to display only “V30” of the
image data output from the image generating unit 15 on the
monitor 2.

[0106] Theultrasound diagnosis apparatus is configured so
that, when the operator has pressed a freeze button included in
the input device 3, all the frames stored in the image memory
16 are played back slowly, so that even the frames that are not
displayable during a real-time display are displayed on the
monitor 2. However, as for the bloodstream in the abdomen or
the like having a low flow rate, even if bloodstream informa-
tion at 60 fps or higher is output to be played back slowly,
displayed images are almost the same. It is therefore not
possible to provide the viewer with meaningful information.
In fact, when the operator chooses to have a “cine” playback
after the freeze, the operator needs to perform a frame-by-
frame advancing operation on a large number of frames by
using the trackball, which places a burden on the operator.
[0107] To cope with this situation, according to the second
embodiment, the controlling unit 18 outputs, to the monitor 2
or the image memory 16, M pieces of bloodstream image data
generated by repeating M times a pair made up of “B” and
“D” illustrated in FIG. 7, as image data corresponding to one
frame. The value “M” is calculated by the controlling unit 18,
for example. In the example shown in FIG. 11, because
“M=2"1s satisfied, the controlling unit 18 either outputs one
of the two pieces of bloodstream image data or outputs one
averaging image data of the two pieces of bloodstream image
data, as bloodstream image data for the “n-th” frame or the
“(n+1)th” frame.

[0108] In the second embodiment also, the first ultrasound
scan is performed as the first ultrasound scan according to the
high frame rate method explained in the first embodiment. In
that situation, although the display frame rate is “1/(MxT)”,
the PRF remains at “1/T”.

[0109] Next, an example of the output controlling process
performed by the ultrasound diagnosis apparatus according to
the second embodiment will be explained, with reference to
FIG. 12. FIG. 12 is a flowchart for explaining the example of
the output controlling process performed by the ultrasound
diagnosis apparatus according to the second embodiment.
FIG. 12 illustrates an example in which, when a playback
display is realized after a freeze, the frame rate of the output
to the monitor 2 is adjusted.

[0110] As shown in FIG. 12, the controlling unit 18
included in the ultrasound diagnosis apparatus according to
the second embodiment judges whether a request to display
the image data stored in the image memory 16 has been
received (step S201). If no display request has been received
(step S201: No), the controlling unit 18 stands by until a
display request is received.

[0111] On the contrary, if a display request has been
received (step S201: Yes), the controlling unit 18 adjusts the
quantity of output frames in accordance with the frame rate of
the first ultrasound scan and the display frame rate of the
monitor 2 (step S202), and ends the process. As mentioned
above, it is also possible to configure the second embodiment
so that the quantity of output frames is adjusted when the
image data is stored into the image memory 16.

[0112] As explained above, according to the second
embodiment, the quantity of output frames that are output for
the storing purpose or the quantity of output frames that are
output for the display purpose is adjusted in accordance with
the frame rate of the first ultrasound scan and the display
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frame rate of the monitor 2. More specifically, according to
the second embodiment, the output frame rate of the blood-
stream images is adjusted so as to be equal to or lower than the
display frame rate of the monitor 2. With this arrangement,
according to the second embodiment, it is possible to realize
the frame-by-frame advancing operation during the “cine”
playback without creating uncomfortable feelings for the
viewer, by keeping the quantity of pieces of output data small,
for the bloodstream information having a low flow rate, for
example. In the example described above, the control is exet-
cised so that the display frame rate “1/(MxT)” is equal to or
lower than the frame rate (60 fps) of the monitor. Alterna-
tively, as a method for determining the value “M” indicating
the number of times of repetitions, it is also acceptable to
arrange the frame rate to be equal to or lower than an arbitrary
frame rate that is set in advance.

[0113] In the first and the second embodiments, the
example is explained in which the two-dimensional tissue
images and the two-dimensional bloodstream images are dis-
played by performing the two-dimensional scans. However,
the first and the second embodiments are also applicable to a
situation where three-dimensional tissue image data and
three-dimensional bloodstream image data are generated by
performing three-dimensional scans, so as to display MPR
images and volume rendering images from these pieces of
volume data.

[0114] More specifically, according to a third embodiment,
the “Ds” in FIGS. 7 and 11 each represent the first ultrasound
scan corresponding to one volume, whereas the “Bs” in FIGS.
7 and 11 each represent a sectioned scan of the second ultra-
sound scan corresponding to a sectioned volume. The blood-
stream information in the “Ds” in FIGS. 7 and 11 is processed
with respect to the sequence of pieces of data that are in
mutually the same position among the mutually-different
pieces of volume data.

[0115] In the third embodiment, however, the volume rate
corresponds to the PRF of the color Doppler images. For this
reason, to raise the volume rate, the controlling unit 18 exer-
cises control as shown in FIGS. 13A and 13B, for example.
FIGS. 13A and 13B are drawings for explaining the third
embodiment.

[0116] Forexample, as illustrated in FIG. 13 A, the control-
ling unit 18 causes a parallel simultaneous reception to be
performed for the purpose of raising the volume rate. FIG.
13 A illustrates an example in which an 8-beam parallel simul-
taneous reception is performed. In FIG. 13A, the central axis
of a transmitted ultrasound wave in the depth direction is
indicated with a solid arrow, whereas the eight reflected-wave
beams that are simultaneously received at the first time are
indicated with dotted-line arrows. In a one-time ultrasound
transmission/reception, the transmitting and receiving unit 11
receives reflected-wave signals on eight scanning lines from
the ultrasound probe 1. As a result, the transmitting and
receiving unit 11 is able to generate reflected-wave data on the
eight scanning lines as a result of the one-time ultrasound
transmission/reception. The quantity of beams in the parallel
simultaneous reception (hereinafter, the “parallel simulta-
neous reception number”) can be set to an arbitrary value, in
accordance with a required volume rate so as not to exceed an
upper-limit quantity of beams which the transmitting and
receiving unit 11 is able to simultaneously receive in parallel.

[0117] Further, as illustrated in FIG. 13B, for example, to
raise the volume rate, the controlling unit 18 may reduce the
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quantity of scanning lines used in a one-time sectioned scan,
by increasing the quantity of sections.

[0118] To raise the volume rate, the controlling unit 18 may
implement both the parallel simultaneous reception and the
increase of the quantity of sections. Further, to raise the vol-
ume rate, the controlling unit 18 may implement the parallel
simultaneous reception in the first ultrasound scan, or may
implement the parallel simultaneous reception in the second
ultrasound scan, or may implement the parallel simultaneous
reception in both of the first and the second ultrasound scans.
The second ultrasound scan performed as a three-dimen-
sional scan is, for example, an vltrasound scan for the THI
process according to the AM method, the PM method, or the
like.

[0119] According to the third embodiment, even if the
scans are performed three-dimensionally, it is possible to
improve the image quality of the bloodstream images and the
tissue images that are displayed at the same time. To raise the
frame rate, the controlling unit 18 may implement one or both
of the parallel simultaneous reception and the increase of the
quantity of sections. Also, when the scans are performed
two-dimensionally as explained in the first embodiment, the
controlling unit 18 may implement one or both of the parallel
simultaneous reception and the increase of the quantity of
sections, for the purpose of raising the frame rate.

[0120] In the first to the third embodiments, the examples
are explained in which the first ultrasound scan implementing
the high frame rate method is performed for the purpose of
obtaining the bloodstream information. However, the first
ultrasound scan implementing the high frame rate method is
also applicable to the TDI or the elastography described
above. More specifically, any reflected-wave signals from a
moving object with motion are usable as the Doppler infor-
mation. Accordingly, the processes described in the first to the
third embodiments are applicable, even if the information
related to the motion of'a moving object is information related
to motion of a tissue. In other words, the controlling unit 18
may cause an ultrasound scan to acquire Doppler image data
of a tissue to be performed as the first ultrasound scan. Alter-
natively, the controlling unit 18 may cause an ultrasound scan
to acquire elastography to be performed as the firstultrasound
scan.

[0121] FIGS. 14A and 14B are drawings for explaining a
fourth embodiment. In the fourth embodiment, when the
ultrasound diagnosis apparatus is set in a tissue Doppler
mode, the monitor 2 displays, under control of the controlling
unit 18, the B-mode images (the tissue images) on the left
side, while displaying superimposed images on the right side
in which the B-mode images and tissue Doppler images are
superimposed together, as shown in FIG. 14A.

[0122] Further, according to the fourth embodiment, when
the ultrasound diagnosis apparatus is set in an elastography
mode, the monitor 2 displays, under control of the controlling
unit 18, the B-mode images (the tissue images) on the left
side, while displaying superimposed images on the right side
in which the B-mode images and elastography images are
superimposed together, as shown in FIG. 14B.

[0123] According to the fourth embodiment, it is possible
to improve the image quality of the images indicating the
motion information of the tissue and the tissue images that are
displayed at the same time.

[0124] Ina fifth embodiment, an example will be explained
in which an ultrasound scan that is in a mode different from
that of the first ultrasound scan explained in the first to the
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fourth embodiments is performed as the first ultrasound scan,
with reference to FIGS. 1510 17. FIGS. 15 to 17 are drawings
for explaining the fifth embodiment.

[0125] In the first ultrasound scan described in the first to
the fourth embodiments, the reflected waves are received by
performing an ultrasound transmission/reception once for
any one scanning line, so as to obtain the reflected-wave data
(the reception signals) generated from the received reflected
waves. Thus, the reception signals are obtained from the
scanning lines structuring the first scanned region. Further,
the Doppler processing unit 14 generates the Doppler data by
performing the MTT filtering process (e.g., the IR filtering
process) on the data sequence including the reception signals
in the latest frame and the groups of reception signals corre-
sponding to a certain number of past frames, for each of the
scanning lines.

[0126] Similarly to the first ultrasound scan described in the
first to the fourth embodiments, the first ultrasound scan
according to a fifth embodiment is an ultrasound scan accord-
ing to a method for performing a high pass filtering process on
the data sequence along the frame direction. However, the
controlling unit 18 according to the fifth embodiment causes
an ultrasound scan in which an ultrasound transmission/re-
ception is performed multiple times for each of the scanning
lines, to be performed as the first ultrasound scan. Further,
under control of the controlling unit 18 according to the fifth
embodiment, the transmitting and receiving unit 11 or the
Doppler processing unit 14 performs a signal averaging pro-
cess on the plurality of reception signals from each of the
scanning lines. As a result, a reception signal for each of the
plurality of scanning lines structuring the first scanned range
is obtained. After that, the Doppler processing unit 14 gener-
ates the Doppler data by performing a high pass filtering
process on the data sequence along the frame direction.
[0127] In the first ultrasound scan according to the fifth
embodiment, first, a plurality of reception signals are
obtained from any one scanning line. After that, in the first
ultrasound scan according to the fifth embodiment, a signal
averaging process is performed on the plurality of reception
signals obtained from any one scanning line so that one recep-
tion signal is eventually output for each scanning line. The
plurality of reception signals on which the signal averaging
process is performed are signals having phase information,
such as the IQ signals and the RF signals. In other words, the
signal averaging process performed inthe fifth embodiment is
acoherent addition process. By performing the coherent addi-
tion process, it is possible to improve the signal/noise (S/N)
ratio of the reception signals. As a result, according to the fifth
embodiment, for example, it is possible to improve the S/N
ratio of the color Doppler image data.

[0128] For example, in the first ultrasound scan according
to the fifth embodiment, an ultrasound transmission/recep-
tion 1is performed four times for each of the scanning lines
structuring the first scanned region. After that, in the first
ultrasound scan according to the fifth embodiment, for
example, the signal averaging process is performed on the
four sets of pieces of reflected-wave data (the reception sig-
nals) obtained from any one scanning line, so that one recep-
tion signal is eventually output for each scanning line. For
example, by performing the signal averaging process on the
four sets of reception signals, the S/N ratio is improved by “6
dB”.

[0129] It should be noted, however, that in the first ultra-
sound scandescribed above, because the ultrasound transmis-
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sion/reception is performed four times for each of the scan-
ning lines during the ultrasound scan corresponding to one
frame, the frame rate becomes low. To cope with this situa-
tion, it is also acceptable to configure the first ultrasound scan
according to the fifth embodiment, so that the controlling unit
18 causes a parallel simultaneous reception to be performed
when the ultrasound transmission/reception is performed
multiple times for each of the scanning lines structuring the
first scanned region. An example of'the first ultrasound scan to
which the parallel simultaneous reception explained in the
third embodiment is applied will be explained with reference
to FIG. 15, before explaining an example in which the first
ultrasound scan according to the fifth embodiment is per-
formed with a parallel simultaneous reception.

[0130] InFIG. 15, the raster direction (the scanning direc-
tion) extends in the left-and-right direction, whereas the time
direction (the frame direction) extends in the up-and-down
direction. In the example shown in FIG. 15, the quantity of
scanning lines (i.e., the raster number) structuring the first
scanned region is “16”, while reflected waves in four direc-
tions are simultaneously received by performing a parallel
simultaneous reception. Further, in the example shown in
FIG. 15, because the quantity of scanning lines is “16”,
whereas the parallel simultaneous reception number is “4”,
the first scanned region is divided into four regions (a first
region, a second region, a third region, and a fourth region)
each structured with four scanning lines.

[0131] The ultrasound probe 1 performs an ultrasound
transmission by using the center of the first region in the raster
direction as a transmission scanning line and simultaneously
receives reflected waves from the scanning lines in the four
directions structuring the first region. As a result, reception
signals from the four scanning lines in the first region are
generated. The same process is performed for the second
region, the third region, and the fourth region. As a result,
reception signals from the sixteen scanning lines structuring
the first scanned region are obtained. In FIG. 15, “A”, “B”,
and “C” indicate the reception signals from mutually the
same scanning line in “the (n-2)th frame, the (n-1)th frame,
and the n-th frame”, respectively. The Doppler processing
unit 14 performs the MTI filtering process on the data
sequence “A, B, and C” in mutually the same location in these
consecutive frames.

[0132] In contrast, when a parallel simultaneous reception
is applied to the first ultrasound scan according to the fifth
embodiment, the controlling unit 18 implements either a first
method or a second method. According to the first method, the
controlling unit 18 causes a parallel simultaneous reception to
be performed by dividing the first scanned region into a
plurality of regions in such a manner that none of regions that
are positioned adjacent to each other overlaps each other.
According to the second method, the controlling unit 18
causes a parallel simultaneous reception to be performed by
dividing the first scanned region into a plurality of regions in
such a manner that any regions that are positioned adjacent to
each other overlap each other.

[0133] FIG. 16 is a drawing of an example in which the
parallel simultaneous reception is applied to the first ultra-
sound scan according to the fifth embodiment, on the basis of
the first method. FIG. 17 is a drawing of an example in which
the parallel simultaneous reception is applied to the first ultra-
sound scan according to the fifth embodiment, on the basis of
the second method.
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[0134] In FIGS. 16 and 17, similarly to the example
explained with reference to FIG. 15, the raster direction (the
scanning direction) extends in the left-and-right direction,
whereas the time direction (the frame direction) extends in the
up-and-down direction. Further, in FIGS. 16 and 17, similarly
to the example explained with reference to FIG. 15, the quan-
tity of scanning lines (i.e., the raster number) structuring the
first scanned region is “16”, while reflected waves in four
directions are simultaneously received by performing the par-
allel simultaneous reception. In FIGS. 16 and 17, “T1”
denotes the sampling time period. In FIGS. 16 and 17, “T2”
denotes the added width. In FIGS. 16 and 17, “T3” denotes
the frame time period. The frame time period “T3” corre-
sponds to a pulse repetition time period in an ordinary Dop-
pler mode.

[0135] According to the first method, as illustrated in FIG.
16, similarly to the example shown in FIG. 15, the first
scanned region is divided into four regions (a first region, a
second region, a third region, and a fourth region) each struc-
tured with four scanning lines. According to the first method,
however, it should be noted that the parallel simultaneous
reception is repeated four times for each of the regions, as
illustrated in FIG. 16. As a result, as illustrated in FIG. 16,
four sets of reception signals in mutually the same location
from mutually the same reception scanning line are obtained
in the (n-2)th frame. In FIG. 16, these four sets of pieces of
data are marked as “al, a2, a3, and a4”. Similarly, as illus-
trated in FIG. 16, four sets of reception signals in mutually the
same location from mutually the same reception scanning
line are obtained in the (n-1)th frame. In FIG. 16, these four
sets of pieces of data are marked as “b1, b2, b3, and b4”.
Similarly, as illustrated in FIG. 16, four sets of reception
signals in mutually the same location from mutually the same
reception scanning line are obtained in the n-th frame. In FIG.
16, these four sets of pieces of data are marked as “cl, ¢2, ¢3,
and c4”.

[0136] For example, the transmitting and receiving unit 11
outputs “A=(al+a2+a3+a4)/4”. Further, for example, the
transmitting and receiving unit 11 outputs “B=(b1+b2+b3+
b4)/4”. Further, for example, the transmitting and receiving
unit 11 outputs “C=(c1+c2+c3+c4)/4”. As a result, the S/N
ratio is improved by “6 dB” in comparison to the ratio prior to
the signal averaging process. Further, the Doppler processing
unit 14 performs the MTT filtering process on the data
sequence “A, B, and C” in mutually the same location in the
consecutive frames.

[0137] Interms ofthe Doppler frequency, alow pass filter is
applied as a result of adding together the four pieces of data.
However, because the velocity component that is cut off due
to the sampling time period “T1” and the added width “T2”
has a sufficiently higher velocity compared to the frame time
period “T3”, no problem occurs in viewing moving objects
having a low flow rate.

[0138] According to the second method, as shown in FIG.
17 for example, a four-direction parallel simultaneous recep-
tion is performed by staggering the position of the transmis-
sion scanning line by one scanning line at a time. As a result,
similarly to the first method, as shown in FIG. 17, four sets of
reception signals “al, a2, a3, and a4” in mutually the same
location from mutually the same reception scanning line are
obtained in the (n-2)th frame, so that “A=(al+a2+a3+ad)/4”
is output. Further, similarly to the first method, as shown in
FIG. 17, four sets of reception signals “b1, b2, b3, and b4” in
mutually the same location from mutually the same reception
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scanning line are obtained in the (n-1)th frame, so that “B=
(b1+b2+b3+b4)/4” is output. Further, similarly to the first
method, as shown in FIG. 17, four sets of reception signals
“cl, ¢2, 3, and c¢4” in mutually the same location from
mutually the same reception scanning line are obtained in the
n-th frame, so that “C=(cl+c2+c3+c4)/4” is output. As a
result, the S/N ratio is improved by “6 dB” in comparison to
the ratio prior to the signal averaging process. InFIGS. 16 and
17, the frame rate of the Doppler image data is the same.
[0139] Inthe example shown in FIG.17, for ascanning line
from which only two sets of reception signals are obtained,
the signal averaging process is performed on the two sets of
reception signals. For a scanning line from which only three
sets of reception signals are obtained, the signal averaging
process is performed on the three sets of reception signals.
Further, in the example shown in FIG. 17, for a scanning line
from which only one set of reception signals is obtained, these
reception signals is the data that serves as a processing target
of the Doppler processing unit 14. Further, according to the
second method, for example, the position of the transmission
scanning line may be staggered by two scanning lines at a
time, in accordance with the number of sets of reception
signals used as the target of the signal averaging process.
[0140] An advantage of implementing the second method
will be explained below. When the first method is imple-
mented, in the first ultrasound scan, the regions on which the
parallel simultaneous reception is performed multiple times
do not overlap each other. According to the first method
illustrated in FIG. 16, because the transmission positions for
obtaining the four reception signals from mutually the same
scanning line is the same, the phase of the transmission beams
does not change. However, in the first method illustrated in
FIG. 16, the regions on which the parallel simultaneous
reception is performed four times do not overlap each other.
For this reason, according to the first method illustrated in
FIG. 16, a striped artifact may occur between the regions each
corresponding to four raster units.

[0141] In contrast, when the second method is imple-
mented, in the first ultrasound scan, the parallel simultaneous
reception is performed once for each of the regions that are
arranged so that the regions positioned adjacent to each other
overlap each other. According to the second method illus-
trated in FIG. 17, because the transmission positions for
obtaining the four reception signals from mutually the same
scanning line varies, a minor phase shift occurs. However, it
is possible to eliminate such a phase shift by using an MTI
filter. Further, according to the second method illustrated in
FIG. 17, because the regions on which the parallel simulta-
neous reception is performed are arranged so to overlap each
other by three scanning lines, no striped artifact occurs.
[0142] As explained above, according to the fifth embodi-
ment, the HPF process in the frame direction is performed by
using the reception signals resulting from the coherent addi-
tion process performed on the plurality of reception signals
obtained from each of the scanning lines. As a result, accord-
ing to the fifth embodiment, although the frame rate becomes
lower than those in the first ultrasound scan explained in the
first to the fourth embodiments, it is possible to improve the
S/N ratio of the reception signals used for generating the
images indicating the moving object information. In the
description above, the example in which the parallel simul-
taneous reception number is “4” is explained; however, the
parallel simultaneous reception number may be set to an
arbitrary value. Further, as explained at first, the first ultra-
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sound scan according to the fifth embodiment is also possible
even if no parallel simultaneous reception is performed. Fut-
ther, another arrangement is also acceptable in which, under
the control of the controlling unit 18 according to the fifth
embodiment, the transmitting and receiving unit 11 or the
Doppler processing unit 14 performs an LPF process similar
to the signal averaging process on the plurality of reception
signals obtained from each of the scanning lines. Further, the
configurations explained in the first to the fourth embodi-
ments are also applicable to the fifth embodiment, except that
the mode of the first ultrasound scan is different.
[0143] The constituent elements of the apparatuses that are
shown in the drawings in relation to the description of the
exemplary embodiments are based on functional concepts.
Thus, it is not necessary to physically configure the elements
as indicated in the drawings. In other words, the specific mode
of distribution and integration of the apparatuses is not lim-
ited to the ones shown in the drawings. It is acceptable to
functionally or physically distribute or integrate all or a part
of the apparatuses in any arbitrary units, depending on various
loads and the status of use. Further, all or an arbitrary part of
the processing functions performed by the apparatuses may
be realized by a Central Processing Unit (CPU) and a com-
puter program that is analyzed and executed by the CPU or
may be realized as hardware using wired logic.
[0144] Further, the controlling methods related to the ultra-
sound scans described in the first to the fifth embodiments
may be realized by causing a computer such as a personal
computer or a workstation to execute a control computer
program (hereinafter, the “control program”) prepared in
advance. The control program may be distributed via a net-
work such as the Internet. Furthermore, it is also possible to
record the control program onto a computer-readable non-
transitory recording medium such as a hard disk, a flexible
disk (FD), a Compact Disk Read-Only Memory (CD-ROM),
a Magneto-optical (MO) disk, a Digital Versatile Disk
(DVD), or a flash memory such as a Universal Serial Bus
(USB) memory or a Secure Digital (SD) card memory, so that
a computer is able to read the control program from the
non-transitory recording medium and to execute the read
control program.
[0145] As explained above, according to at least one aspect
of the first to the fifth embodiments, it is possible to improve
the image quality of the images indicating the moving object
information and the tissue images that are displayed at the
same time.
[0146] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
an ultrasound probe configured to transmit and receive an
ultrasound wave; and
a controlling unit configured to cause the ultrasound probe
to perform a first ultrasound scan to obtain information
related to motion of a moving object within a first
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scanned region and causes the ultrasound probe to pet-
form, as a second ultrasound scan to obtain information
about a tissue form within a second scanned region, an
ultrasound scan in each of a plurality of sectioned
regions into which the second scanned region is divided,
in a time-division manner between the first ultrasound
scans, wherein
as the first ultrasound scan, the controlling unit causes the
ultrasound scan to be performed according to a method
for obtaining the information related to the motion of the
moving object by which a high pass filtering process is
performed along a frame direction on reception signals
obtained from a plurality of scanning lines structuring
the first scanned region.
2. The ultrasound diagnosis apparatus according to claim
1, wherein, as the first ultrasound scan, the controlling unit
causes the ultrasound scan to be performed according to a
method for obtaining a data sequence along the frame direc-
tion by which the reception signals are obtained from the
plurality of scanning lines structuring the first scanned region
by performing an ultrasound transmission/reception once for
each of the scanning lines, so that the high pass filtering
process is performed on the obtained reception signals.
3. The ultrasound diagnosis apparatus according to claim
1, wherein, as the first ultrasound scan, the controlling unit
causes the ultrasound scan to be performed according to a
method for obtaining a data sequence along the frame direc-
tion by which the reception signals are obtained from the
plurality of scanning lines structuring the first scanned region,
either by performing a signal averaging process or by pet-
forming a low pass filtering process similar to the signal
averaging process on the plurality of reception signals
obtained from each of the scanning lines by performing an
ultrasound transmission/reception multiple times for each of
the scanning lines, so that the high pass filtering process is
performed on the obtained reception signals.
4. The ultrasound diagnosis apparatus according to claim
3, wherein, during the first ultrasound scan, the controlling
unit causes a parallel simultaneous reception to be performed
when an ultrasound transmission/reception is performed
multiple times for each of the scanning lines structuring the
first scanned region.
5. The ultrasound diagnosis apparatus according to claim
4, wherein the controlling unit either causes the parallel
simultaneous reception to be performed by dividing the first
scanned region into a plurality of regions or causes the par-
allel simultaneous reception to be performed by dividing the
first scanned region into a plurality of regions in such a
manner that regions positioned adjacent to each other overlap
each other.
6. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit arranges the first ultrasound
scans to be performed at regular intervals, by arranging time
periods required by sectioned scans of the second ultrasound
scan to be equal to one another.
7. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit exercises control so that a
plurality of pieces of image data in the first scanned region
that have been generated by the first ultrasound scan are
output as one piece of image data, in accordance with a time
period required by the first ultrasound scan performed at one
time and a display frame rate.
8. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit causes a parallel simultaneous
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reception to be performedinone or both of the first ultrasound
scan and the second ultrasound scan.

9. The ultrasound diagnosis apparatus according to claim

1, wherein, the controlling unit causes an ultrasound scan to
acquire either Doppler image data or elastography to be per-
formed as the first ultrasound scan.

10. A controlling method comprising:

a step performed by a controlling unit to cause an ultra-
sound probe configured to transmit and receive an ultra-
sound wave to perform a first ultrasound scan to obtain
information related to motion of a moving object within
a first scanned region and to cause the ultrasound probe
to perform, as a second ultrasound scan to obtain infor-
mation about a tissue form within a second scanned
region, an ultrasound scan in each of a plurality of sec-
tioned regions into which the second scanned region is
divided, in a time-division manner between the first
ultrasound scans, wherein

as the first ultrasound scan, the controlling unit causes the
ultrasound scan to be performed according to a method
for obtaining the information related to the motion of the
moving object by which a high pass filtering process is
performed along a frame direction on reception signals
obtained from a plurality of scanning lines structuring
the first scanned region.
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