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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGE PRODUCING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 14/520,471 filed on Oct. 22, 2014,
which claims priority under 35 U.S.C §119 to Japanese
Patent Application No. 2014-006088, filed on Jan. 16, 2014.
Each of the above application(s) is hereby expressly incor-
porated by reference, in its entirety, into the present appli-
cation.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound
diagnostic apparatus and an ultrasound image producing
method, and in particular, to an ultrasound diagnostic appa-
ratus and an ultrasound image producing method which
synthesize a plurality of frame images having different
steering angles of an ultrasonic beam to produce an update
image (spatial compound image).

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, in this type of ultrasound
diagnostic apparatus, an ultrasound image is produced by
transmitting an ultrasonic beam from a transducer array
having a plurality of transducers arranged therein toward a
subject, receiving an ultrasonic echo from the subject by the
transducer array, and electrically processing the reception
signal.

[0006] In the ultrasound diagnostic apparatus, while a
two-dimensional tomographic image in the subject can be
acquired in real time by scanning the ultrasonic beam, a
plurality of reflected waves from a fine structure in the
subject interfere with one another to cause speckle noise,
and speckle noise is one of the factors for causing deterio-
ration in image quality of the ultrasound image.

[0007] As a method of reducing speckle noise, for
example, a spatial compounding method disclosed in IJP
2013-141519 A is known. In the spatial compounding
method, a plurality of frame images are produced by trans-
mitting an ultrasonic beam from different directions toward
the same region in the subject, and a plurality of frame
images are synthesized to produce one spatial compound
image. Since the pattern of speckle noise fluctuates accord-
ing to the transmission direction of the ultrasonic beam, a
plurality of frame images produced by transmitting the
ultrasonic beam from different directions are synthesized,
whereby it is possible to reduce speckle noise.

[0008] For example, as shown in FIG. 12, a frame image
A based on reception data acquired by transmitting and
receiving an ultrasonic beam in a direction perpendicular to
a transducer array, that is, in a direction of a steering angle
of 0 degrees, a frame image B based on reception data
acquired by transmitting and receiving an ultrasonic beam in
a direction of a steering angle —a, and a frame image C based
on reception data acquired by transmitting and receiving an
ultrasonic beam in a direction of a steering angle +a are
repeatedly produced in a three-frame cycle in the same
order, and each time reception data of one frame is acquired,
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the frame images for three frames including previous two
frame images are synthesized to produce a spatial compound
image. With this, the spatial compound image made from the
frame images A, B, and C corresponding to the three kinds
of steering angles is constantly updated.

[0009] However, in the ultrasound image, in addition to
speckle noise, patterns, such as acoustic shadow, different
from an actual structure are produced, and these patterns are
generated to have different shapes at different angles accord-
ing to the steering angle of the ultrasonic beam to be
transmitted and received. For this reason, if the inside of the
subject is about to be observed by the spatial compound
image to be sequentially updated while moving the trans-
ducer array along the body surface of the subject, the pattern
shapes and angles of speckle noise and acoustic shadow
fluctuate for each frame, and as a result, there is a problem
in that artifacts in which an image vibrates like a wave occur.

SUMMARY OF THE INVENTION

[0010] The invention has been accomplished in order to
solve the problem in the related art, and an object of the
invention is to provide an ultrasound diagnostic apparatus
and an ultrasound image producing method capable of
producing a spatial compound image with reduced artifacts.
The inventors have carefully studied artifacts which occur
when a synthesis condition of a plurality of frame images
changes in various ways to produce many spatial compound
images (motion image) and have found that the larger the
moving distance of the transducer array among a plurality of
frame images to be synthesized and the larger the angle
difference in steering angle among a plurality of frame
images to be synthesized, the more the artifacts are deterio-
rated.

[0011] In a synthesis method of the related art shown in
FIG. 12, since the synthesis of the three frame images is
performed each time reception data of one frame image is
acquired, the order of the three frame images to be synthe-
sized changes each time a spatial compound image is
updated. For example, if it is assumed that, among the three
frame images for use in producing one spatial compound
image, reception data of the frame image A is acquired as a
first frame F1, reception data of the frame image B is
acquired as a second frame F2, and reception data of the
frame image C is acquired as a third frame F3, in producing
the next spatial compound image to be updated, reception
data is acquired such that the frame image A is allocated as
the first frame F1, the frame image B is allocated as the
second frame F2, and the frame image C is allocated as the
third frame F3.

[0012] For this reason, as shown in FIG. 13, a combination
in which, among the three frame images to be synthesized,
the frame image C of the steering angle +a is allocated as the
first frame F1 for which reception data is acquired at the
earliest time t1 and the frame image C of the steering angle
-a is allocated as the third frame F3 for which reception data
is acquired at the latest time t3 is generated cyclically, and
at this time, the angle difference A0 in steering angle
between the frame F1 and the frame F3 becomes a maximum
value 2-a. In this way, it is considered that, when synthe-
sizing ultrasound images for three frames while moving the
transducer array, in the first frame F1 and the third frame F3
for which the moving distance of the transducer array is
largest, a state in which the angle difference in steering angle
becomes a maximum angle difference among the angle
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differences in steering angle between two frame images
among the three frame images A to C for use in producing
a spatial compound image occurs, causing deterioration in
artifacts.

[0013] Since the faster a frame rate, the shorter the moving
distance of an ultrasound probe in a reception data acquisi-
tion period of one frame image, it is understood that artifacts
are hardly visually recognized. However, in order to increase
the frame rate, it is necessary to reduce the scan line density
of the ultrasound image and the number of focal points.
When a harmonic image of a pulse inversion method is used,
a measure, such as stopping pulse inversion scanning and
using an image by a fundamental harmonic, is required,
causing degradation in image quality.

[0014] As shown in FIG. 14, while reception data of each
frame image is repeatedly acquired in a three-frame cycle,
each time reception data of three frame images is acquired,
if the three frame images are synthesized to update a spatial
compound image, since the order of the three frame images
for use in producing the spatial compound image is fixed, it
is observed that a time-series overlapping method of pat-
terns, such as speckle noise and acoustic shadow, is stable,
and artifacts hardly occur. However, since synthesis is
performed each time reception data of the three frame
images is acquired, the update rate of the spatial compound
image becomes Y5, and operationality as the ultrasound
diagnostic apparatus is degraded.

[0015] Accordingly, in the invention, artifacts are reduced
while suppressing degradation in image quality and degra-
dation in operationality.

[0016] An ultrasound diagnostic apparatus according to an
aspect of the invention includes a transducer array, a trans-
mitter which supplies an actuation signal to the transducer
array to transmit an ultrasonic beam from the transducer
array toward a subject, a receiver which processes a recep-
tion signal output from the transducer array having received
an ultrasonic echo by the subject to acquire reception data,
a transmission and reception controller which controls the
transmitter and the receiver such that reception data of n
(where n is an integer equal to or greater than 3) frame
images is sequentially repeatedly acquired in order to syn-
thesize n frame images having different steering angles of
the ultrasonic beam to produce an update image, and the
angle difference in steering angle between two frame
images, for which the acquisition of reception data is most
temporally separated, among the n frame images for use in
producing the update image is smaller than a maximum
angle difference among the angle differences in steering
angle between two frame images among the n frame images,
and an update image producer which produces each update
image based on reception data acquired by the receiver.
[0017] Here, the steering angle refers to an angle between
the direction of the ultrasonic beam to be transmitted and
received and a direction perpendicular to the arrangement
direction of a plurality of ultrasound transducers constituting
the transducer array. The frame images refer to individual
ultrasound images when a plurality of ultrasound images
having different steering angles of the ultrasonic beam are
synthesized to produce one update image.

[0018] It is preferable that the transmission and reception
controller controls the transmitter and the receiver such that
the angle difference in steering angle between two frame
images, for which the acquisition of reception data is most
temporally separated, among the n frame images for use in
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producing each update image becomes a minimum angle
difference among the angle differences in steering angle
between two frame images among the n frame images.
[0019] Each time reception data of m (where m is an
integer which satisfies 1=m<n) frame images is acquired by
the receiver, the update image producer may synthesize the
previous n frame images, for which reception data is sequen-
tially acquired hitherto, to produce the update image.
[0020] The transmission and reception controller may
control the transmitter and the receiver such that, when n is
an odd number, reception data of n+1 frame images obtained
by adding a new frame image having the same steering angle
of the ultrasonic beam as a k-th (k=(n+1)/2) specific frame
image among the n frame images to the n frame images as
an (n+1)th frame image is sequentially repeatedly acquired,
and each time reception data of k frame images is acquired
by the receiver, the update image producer may synthesize
the previous n frame images, for which reception data is
sequentially acquired hitherto, to produce the update image.
[0021] In this case, it is preferable that the specific frame
image is a frame image having a maximum steering angle
among the n frame images for use in producing each update
image.

[0022] An vltrasound image producing method according
to another aspect of the invention includes performing
transmission and reception of an ultrasonic beam by a
transducer array such that reception data of n (where n is an
integer equal to or greater than 3) frame images is sequen-
tially repeatedly acquired in order to synthesize n frame
images having different steering angles of the ultrasonic
beam to produce an update image, and the angle difference
in steering angle between two frame images, for which the
acquisition of reception data is most temporally separated,
among the n frame images for use in producing the update
image is smaller than a maximum angle difference among
the angle differences in steering angle between two frame
images among the n frame images, and producing each
update image based on the acquired reception data.

[0023] According to the aspects of the invention, the
transmission and reception of the ultrasonic beam by the
transducer array are performed such that reception data of n
(where n is an integer equal to or greater than 3) frame
images is sequentially repeatedly acquired in order to syn-
thesize the n frame images having different steering angles
of the ultrasonic beam to produce an update image, and the
angle difference in steering angle between two frame
images, for which the acquisition of reception data is most
temporally separated, among the n frame images for use in
producing each update image is smaller than a maximum
angle difference among the angle differences in steering
angle between two frame images among the n frame images.
For this reason, it is possible to produce an update image
(spatial compound image) with reduced artifacts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus according to
Embodiment 1 of the invention.

[0025] FIG. 2 is a diagram showing steering angles of
three kinds of frame images in Embodiment 1.

[0026] FIG. 3 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in Embodiment 1.
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[0027] FIG. 4 is a diagram showing the angle difference in
steering angle between a first frame and a third frame among
three frame images for use in producing a spatial compound
image in Embodiment 1.

[0028] FIG.5is a diagram showing steering angles of five
kinds of frame images in Embodiment 2.

[0029] FIG. 6 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in Embodiment 2.

[0030] FIG. 7 is a diagram showing the angle difference in
steering angle between a first frame and a fifth frame and the
angle difference in steering angle between a second frame
and a fourth frame among five frame images for use in
producing a spatial compound image in Embodiment 2.
[0031] FIG. 8 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in a modification example of Embodiment 2.

[0032] FIG. 9 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in Embodiment 3.

[0033] FIG. 10 is a diagram showing the angle difference
in steering angle between a first frame and a fourth frame
among four frame images for use in producing a spatial
compound image in Embodiment 3.

[0034] FIG. 11 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in a modification example of Embodiment 3.

[0035] FIG. 12 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in a related art example.

[0036] FIG. 13 is a diagram showing the angle difference
in steering angle between a first frame and a third frame
among three frame images for use in producing a spatial
compound image in the related art example.

[0037] FIG. 14 is a diagram showing the relationship
between a data acquisition cycle and frame image synthesis
in another related art example.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0038] Hereinafter, embodiments of the invention will be
described referring to the accompanying drawings.

Embodiment 1

[0039] FIG. 1 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
invention. The ultrasound diagnostic apparatus has a trans-
ducer array 1, a transmitter 2 and a receiver 3 are connected
to the transducer array 1, and an update image producer 4 is
connected to the receiver 3. A display controller 5 is con-
nected to the update image producer 4, and a display unit 6
is connected to the display controller 5. A transmission and
reception controller 7 is connected to the transmitter 2 and
the receiver 3, and an apparatus controller 8 is connected to
the update image producer 4, the display controller 5, and
the transmission and reception controller 7. An operating
unit 9 and a storage unit 10 are connected to the apparatus
controller 8.

[0040] The update image producer 4 produces an update
image (a spatial compound image to be sequentially
updated), and has a signal processor 21 connected to the
receiver 3. An image synthesizer 22, an image processor 23,
and a digital scan converter (DSC) 24 are sequentially
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connected to the signal processor 21, a data memory 25 is
connected to the signal processor 21, and an image memory
26 is connected to the DSC 24.

[0041] The transducer array 1 has a plurality of ultrasound
transducers arranged in a one-dimensional or two-dimen-
sional manner. Hach ultrasound transducer transmits an
ultrasonic wave according to an actuation signal supplied
from the transmitter 2 and receives an ultrasonic echo from
a subject to output a reception signal. Each ultrasound
transducer 1s constituted by a vibrator in which electrodes
are formed at both ends of a piezoelectric substance made of
piezoelectric ceramic represented by PZT (lead zirconate
titanate), a polymer piezoelectric element represented by
PVDF (polyvinylidene difluoride), piezoelectric single crys-
tal represented by PMN-PT (lead magnesium niobate-lead
titanate solid solution), or the like.

[0042] Ifapulsed or continuous-wave voltage is applied to
the electrodes of the vibrator, the piezoelectric substance
expands and contracts, whereby pulsed or continuous-wave
ultrasonic waves are generated from the vibrators, and an
ultrasonic beam is formed by synthesizing the ultrasonic
waves. When receiving the propagating ultrasonic waves,
the respective vibrators expand and contract to generate
electrical signals, and the electrical signals are output as the
reception signals of the ultrasonic waves.

[0043] The transmitter 2 includes, for example, a plurality
of pulse generators, adjusts the delay amount of each of
actuation signals based on a transmission delay pattern
selected according to a control signal supplied from the
transmission and reception controller 7 such that the ultra-
sonic waves transmitted from the plurality of ultrasound
transducers of the transducer array 1 forming a transmission
opening form an ultrasonic beam, and supplies the adjusted
actuation signals to the plurality of ultrasound transducers.
[0044] The receiver 3 amplifies the reception signal output
from each ultrasound transducer of the transducer array 1
and performs A/D conversion to produce digitized reception
data.

[0045] The update image producer 4 updates a spatial
compound image made from a plurality of frame images
based on reception data acquired by the receiver 3 at a
predetermined update rate to produce the spatial compound
image as a motion image.

[0046] The signal processor 21 executes reception focus
processing and detection processing on reception data pro-
duced by the receiver 3 corresponding to the plurality of
ultrasound transducers of the transducer array 1 based on a
command signal from the apparatus controller 8 to produce
B-mode image signals. That is, reception data generated by
the receiver 3 is subjected to the corresponding delay
correction to produce delay-corrected data, and delay-cor-
rected data is added, whereby the focus of the ultrasonic
echo is narrowed to produce a sound ray signal. Further-
more, attenuation according to the depth of the reflection
point of the ultrasonic wave is corrected for the produced
sound ray signal, envelope detection processing is per-
formed, log compression is performed to produce B-mode
image signals, and the B-mode image signals are output to
the data memory 25.

[0047] The image synthesizer 22 synthesizes B-mode
image signals for a plurality of frames stored in the data
memory 25 under the control of the apparatus controller 8 to
produce a spatial compound image signal and outputs the
spatial compound image signal to the image processor 23.
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Here, the term “synthesis” refers to the calculation of the
mean value of the B-mode image signals for a plurality of
frames for each pixel. Various kinds of mean calculation,
such as arithmetic mean and geometric mean, can be used.
[0048] The image processor 23 performs various kinds of
necessary image processing, such as gradation processing,
on the spatial compound image signal produced by the
image synthesizer 22, and outputs the spatial compound
image signal to the DSC 24.

[0049] The DSC 24 converts (raster-converts) the spatial
compound image signal subjected to image processing by
the image processor 23 to an image signal according to a
television signal scan system, stores the image signal in the
image memory 26, and outputs the image signal to the
display controller 5.

[0050] The display controller 5 causes the display unit 6 to
display a spatial compound image as an update image based
on the image signal converted by the DSC 24 or the image
signal stored in the image memory 26.

[0051] The display unit 6 includes, for example, a display
device, such as an LCD, and displays the spatial compound
image under the control of the display controller 5.

[0052] The transmission and reception controller 7 con-
trols the operations of the transmitter 2 and the receiver 3
based on a command signal from the apparatus controller 8.
[0053] The apparatus controller 8 controls the respective
units of the ultrasound diagnostic apparatus based on a
command input from the operating unit 9 by an operator.
[0054] The operating unit 9 is used when the operator
performs an input operation, and can be formed of a key-
board, a mouse, a trackball, a touch panel, or the like.
[0055] The storage unit 10 stores an operating program or
the like, and a recording medium, such as a hard disk, a
flexible disk, a magnetic optical disk (MO disk), a masking
tape (MT), a random access memory (RAM), a compact
disk-read only memory (CD-ROM), a digital versatile disc-
read only memory (DVD-ROM), a secure digital card (SD
card), a compact flash card (CF card), a universal serial bus
memory (USB memory), or a server may be used.

[0056] Although the signal processor 21, the image syn-
thesizer 22, the image processor 23, and the DSC 24 of the
update image producer 4, the display controller 5, and the
transmission and reception controller 7 are constituted by a
CPU and an operating program for causing the CPU to
perform various kinds of processing, these units may be
constituted by digital circuits.

[0057] Here, a transmission and reception method of an
ultrasonic wave and a synthesis method of reception data in
Embodiment 1 will be described.

[0058] In Embodiment 1, as shown in FIG. 2, frame
images corresponding three kinds of steering angles includ-
ing a frame image A based on reception data acquired by
transmitting and receiving an ultrasonic beam in a direction
perpendicular to the arrangement direction of the plurality of
ultrasound transducers la constituting the transducer array
1, that is, in a direction of a steering angle of 0 degrees, a
frame image B based on reception data acquired by the
transmitting and receiving an ultrasonic beam in a direction
of a steering angle -a, and a frame image C based on
reception data acquired by transmitting and receiving an
ultrasonic beam in a direction of a steering angle +a are
produced.

[0059] That is, while the angle differences in steering
angle between the frame image A and the frame image B and
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between the frame image A and the frame image C are
respectively “0”, a maximum angle difference 2-a among the
angle differences in steering angle between two frame
images among the three kinds of frame images A to C is
formed between the frame image B and the frame image C.
[0060] For this reason, as in the related art example shown
in FIG. 12, if reception data corresponding to the frame
images A to C is repeatedly acquired in a three-frame cycle
in the same order, and each time reception data of one frame
is acquired, ultrasound images for three frames including
images of previous two frames are synthesized to produce a
spatial compound image, among the three frame images for
use in producing the spatial compound image, the frame
image C of the steering angle +a and the frame image B of
the steering angle —a are respectively allocated as the first
frame F1 and the third frame F3 for which the acquisition
time of reception data is most separated, and a combination
in which the maximum angle difference 2-a in steering angle
is formed between these frames F1 and F3 is generated
cyclically, causing deterioration in artifacts.

[0061] Accordingly, in Embodiment 1, as shown in FIG. 3,
the transmission and reception controller 7 controls the
operations of the transmitter 2 and the receiver 3 such that
reception data corresponding to the first frame image A of
the steering angle of 0 degrees, reception data corresponding
to the second frame image B of the steering angle —a, and
reception data corresponding to the third frame image C of
the steering angle +a are acquired, then, reception data is
acquired at the same steering angle —a as the second frame
image B ordered at the center of the first to third frame
images A to C to form a new fourth frame image B, and
reception data of these four frame images is sequentially
repeatedly acquired. That is, reception data corresponding to
the frame images A, B, C, and B is repeatedly acquired in the
data acquisition cycle of four frames.

[0062] The apparatus controller 8 controls the operation of
the image synthesizer 22 such that, each time reception data
of the two frame images B and C or reception data of the two
frame images B and A is acquired, three frame images
sequentially produced by the update image producer 4 based
on reception data for previous three frames sequentially
acquired hitherto are synthesized to produce a spatial com-
pound image. For example, if reception data of the third
frame image C is acquired in one data acquisition cycle in
which reception data of four frames is sequentially acquired,
three frame images including the frame image C produced
based on reception data and the previous two frame images
A and B are synthesized to produce a spatial compound
image, thereafter, image synthesis is not performed when
reception data of the fourth frame image B is acquired, and
when reception data of the first frame image A is acquired in
the next data acquisition cycle, three frame images including
the frame image A produced based on reception data and the
previous two frame images, that is, the third frame image C
and the fourth frame image B in the previous data acquisi-
tion cycle to produce a spatial compound image.

[0063] In this way, each time reception data of two frame
images is acquired, three frame images based on reception
data for three frames sequentially acquired hitherto are
synthesized to produce a spatial compound image, whereby,
among the three frame images for use in producing the
spatial compound image, the frame image B is constantly
allocated as the second frame F2 located at the center in a
time-series manner, the frame image A is allocated in one of
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the first frame F1 and the third frame F3, and the frame
image C is allocated in the other frame.

[0064] That is, as shown in FIG. 4, among three frame
images to be synthesized, a combination of the first frame F1
for which reception data is acquired at the earliest time t1
and the third frame F3 for which reception data is acquired
at the latest time t3 constantly become the frame image A of
the steering angle of 0 degrees and the frame image C of the
steering angle +a, and the angle difference A8 in steering

ety

angle between the frame F1 and the frame F3 becomes “a”.

[0065] For this reason, even if frame images are synthe-
sized three by three to perform spatial compounding while
moving the transducer array 1 along the body surface of the
subject, a state in which, among the three frame images for
use in producing the spatial compound image, the angle
difference A8 in steering angle between the first frame F1
and the third frame F3, for which the moving distance of the
transducer array 1 is largest, becomes the maximum value
2-a is not generated, and it is possible to reduce artifacts
compared to the related art example shown in FIG. 12.

[0066] Each time reception data of two frames is acquired,
since synthesis of ultrasound images is performed, the
update rate of the compound image becomes 2 compared to
the related art example shown in FIG. 12 where frame
images are synthesized each time reception data of one
frame is acquired. Meanwhile, there is no case where the
image update rate is lowered to %5 as in the related art
example shown in FIG. 14 where ultrasound images are
synthesized each time reception data of three frames to be
synthesized is acquired, and it is possible to reduce artifacts
while suppressing degradation in operationality.

[0067] Next, the operation of Embodiment 1 will be
described.
[0068] First, if a command to execute spatial compound-

ing is input from the operating unit 9 by the operator, as
shown in FIG. 3, a command signal is output from the
apparatus controller 8 to the transmission and reception
controller 7 such that reception data corresponding to the
first frame image A, reception data corresponding to the
second frame image B, and reception data corresponding to
the third frame image C are sequentially acquired, then,
reception data corresponding to the fourth frame image B at
the same steering angle as the second frame image B is
acquired, and reception data of these four frame images is
sequentially repeatedly acquired in this order.

[0069] With this, first, the ultrasonic beam is transmitted
from the transducer array 1 in the direction of the steering
angle of 0 degrees by the transmitter 2, and the reception
signal output from the transducer array 1 having received the
ultrasonic echo by the subject is processed by the receiver 3
to acquire reception data of the first frame image. Reception
data is transmitted to the signal processor 21 of the update
image producer 4, delay-corrected data is produced by
subjecting delay correction to reception data such that
reception focus is performed in the direction of the steering
angle of 0 degrees, and the sound ray signal is produced by
adding delay-corrected data. Furthermore, attenuation
according to the depth of the reflection position of the
ultrasonic wave is corrected for the sound ray signal, then,
envelope detection processing and log compression are
performed to produce the B-mode image signal of the frame
image A, and the B-mode image signal is stored in the data
memory 25.
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[0070] Subsequent to the acquisition of reception data of
the first frame image, the ultrasonic beam is transmitted
from the transducer array 1 in the direction of the steering
angle -a by the transmitter 2, reception data of the second
frame image is acquired by the receiver 3, and similarly, the
B-mode image signal of the frame image B is produced by
the signal processor 21 of the update image producer 4 and
stored in the data memory 25.

[0071] Subsequent to the acquisition of reception data of
the second frame image, the ultrasonic beam is transmitted
from the transducer array 1 in the direction of the steering
angle +a by the transmitter 2, reception data of the third
frame image is acquired by the receiver 3, and similarly, the
B-mode image signal of the frame image C is produced by
the signal processor 21 of the update image producer 4 and
stored in the data memory 25.

[0072] In this way, if reception data of the first to third
frame images are sequentially acquired, and the three
B-mode image signal of the frame images A to C are
produced by the signal processor 21 of the update image
producer 4 and stored in the data memory 25, the image
synthesizer 22 synthesizes the frame images A to C for three
frames stored in the data memory 25 to produce a spatial
compound image signal based on a command signal from
the apparatus controller 8. The spatial compound image
signal is subjected to image processing, such as gradation
processing, by the image processor 23, is raster-converted
by the DSC 24, is then output to the display controller 5, and
is displayed on the display unit 6 by the display controller 5.
[0073] Subsequent to the acquisition of reception data of
the third frame image, similarly to the second frame image,
the ultrasonic beam is transmitted from the transducer array
1 in the direction of the steering angle -a by the transmitter
2, reception data of the fourth frame image is acquired by the
receiver 3, and the B-mode image signal of the frame image
B is produced by the signal processor 21 of the update image
producer 4 and stored in the data memory 25.

[0074] With this, one data acquisition cycle in which
reception data of the first to fourth frame images is acquired
ends, subsequently, the ultrasonic beam is transmitted from
the transducer array 1 in the direction of the steering angle
of 0 degrees by the transmitter 2, reception data of the first
frame image is acquired by the receiver 3 in the next data
acquisition cycle, and the B-mode image signal of the frame
image A is produced by the signal processor 21 of the update
image producer 4 and stored in the data memory 25.
[0075] In this way, if reception data of two frame images
including the fourth frame image in the previous data
acquisition cycle and the first frame image in the next data
acquisition cycle is acquired, the image synthesizer 22
synthesizes three frame images based on reception data for
three frames sequentially acquired hitherto, that is, the third
frame image C and the fourth frame image B in the previous
data acquisition cycle and the first frame image A in the next
data acquisition cycle to produce a spatial compound image
signal. The spatial compound image signal passes through
the image synthesizer 22, the image processor 23, and the
DSC 24, and is then displayed on the display unit 6 by the
display controller 5, and the spatial compound image is
updated.

[0076] Similarly, each time reception data of two frame
images is acquired, three frame images based on reception
data for three frames sequentially acquired hitherto are
produced by the signal processor 21 of the update image
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producer 4, and the spatial compound image sequentially
updated is produced by the image synthesizer 22. At this
time, among the three frame images for use in producing the
spatial compound image, the frame image A is allocated in
one of the first frame F1 and the third frame F3, and the
frame image C is allocated in the other frame. For this
reason, the angle difference in steering angle between the
two frames F1 and F3, for which the acquisition of reception
data is most temporally separated, constantly becomes “a”
and is smaller than the maximum angle difference 2-a among
the angle differences in steering angle between two frame
images among the three kinds of frame images A to C. For
this reason, even if the frame rate is not increased, it is
possible to produce a spatial compound image with reduced
artifacts.

[0077] In Embodiment 1, although reception data corre-
sponding to the frame images A, B, C, and B are repeatedly
acquired in the data acquisition cycle of four frames, and
each time reception data of the two frame images B and C
or reception data of the two frame images B and A is
acquired, three frame images sequentially produced based
on reception data for previous three frames sequentially
acquired hitherto are synthesized to produce a spatial com-
pound image, the invention is not limited thereto.

[0078] A combination in which, among the three frame
images for use in producing the spatial compound image, the
frame images B and C are respectively allocated in the first
frame F1 and the third frame F3, for which the acquisition
of reception data is most temporally separated, to form the
maximum angle difference 2-a in steering angle should not
be used.

[0079] For example, reception data of the frame images A,
C, B, and C may be repeatedly acquired in the data acqui-
sition cycle of four frames, and each time reception data of
the two frame images C and B or reception data of the two
frame images C and A is acquired, three frame images
sequentially produced based on reception data for three
frames sequentially acquired hitherto may be synthesized to
produce a spatial compound image. In this case, among the
three frame images for use in producing the spatial com-
pound image, the angle difference in steering angle between
the first frame F1 and the third frame F3, for which the
acquisition of reception data is most temporally separated,
constantly becomes “a” and is smaller than the maximum
angle difference 2-a among the angle differences in steering
angle between two frame images among the three kinds of
frame images A to C. For this reason, it is possible to reduce
artifacts.

[0080] In Embodiment 1 described above, although the
frame images corresponding to the three kinds of steering
angles including the frame image A of the steering angle of
0 degrees, the frame image B of the steering angle -a, the
frame image C of the steering angle +a are produced, the
invention is not limited thereto, and three kinds of frame
images having different arbitrary steering angles may be
produced to produce a spatial compound image.

[0081] At this time, a frame image having a maximum
steering angle among the three kinds of frame images is
allocated as a frame image for which reception data is
acquired second in the data acquisition cycle of four frames
and a frame image for which reception data is acquired
fourth, whereby, among the three frame images for use in
producing the spatial compound image, the angle difference
in steering angle between the first frame F1 and the third
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frame F3, for which the acquisition of reception data is most
temporally separated, can be made smaller than the maxi-
mum angle difference among the angle differences in steer-
ing angle between two frame images among the three kinds
of frame images.

Embodiment 2

[0082] In Embodiment 1 described above, although three
frame images are synthesized to produce a spatial compound
image, an ultrasound diagnostic apparatus according to
Embodiment 2 synthesizes five frame images to produce a
high-quality spatial compound image with an improved
speckle noise reduction effect. The configuration of the
ultrasound diagnostic apparatus according to Embodiment 2
is the same as the ultrasound diagnostic apparatus of
Embodiment 1 shown in FIG. 1.

[0083] In Embodiment 2, as shown in FIG. 5, frame
images corresponding to five kinds of steering angles includ-
ing a frame image A based on reception data acquired by
transmitting and receiving an ultrasonic beam in a direction
perpendicular to the arrangement direction of a plurality of
ultrasound transducers 1a constituting the transducer array
1, that is, in a direction of a steering angle of 0 degrees, a
frame image B based on reception data acquired by trans-
mitting and receiving an ultrasonic beam in a direction of a
steering angle -a, a frame image C based on reception data
acquired by transmitting and receiving an ultrasonic beam in
a direction of a steering angle +a, a frame image D based on
reception data acquired by transmitting and receiving an
ultrasonic beam in a direction of a steering angle -b, and a
frame image E based on reception data acquired by trans-
mitting and receiving an ultrasonic beam in a direction of a
steering angle +b are produced. Here, it is assumed that the
absolute value b of the steering angle of each of the frame
images D and E is greater than the absolute value a of the
steering angle of each of the frame images B and C, and an
angle “b-a” is smaller than the angle a.

[0084] As will be understood from FIG. 5, a maximum
angle difference 2-b among the angle differences in steering
angle between two frame images among the five kinds of
frame images A to E is formed between the frame image D
and the frame image E, and a minimum angle difference
“b-a” in steering angle is formed between the frame image
B and the frame image D and between the frame image C
and the frame image E.

[0085] Then, as shown in FIG. 6, the transmission and
reception controller 7 controls the operations of the trans-
mitter 2 and the receiver 3 such that reception data corre-
sponding to the first frame image A of the steering angle of
0 degrees, reception data corresponding to the second frame
image B of the steering angle —a, reception data correspond-
ing to the third frame image E of the steering angle +b,
reception data corresponding to the fourth frame image D of
the steering angle -b, and reception data corresponding to
the fifth frame image C of the steering angle +a are sequen-
tially acquired, then, reception data corresponding to the
frame image E of the same steering angle +b as the third
frame image ordered at the center of the first to fifth frame
images is acquired to form a new sixth frame image, and
reception data of these six frame images are sequentially
repeatedly acquired. That is, reception data corresponding to
the frame images A, B, E, D, C, and E are repeatedly
acquired in a data acquisition cycle of six frames.
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[0086] The apparatus controller 8 controls the operation of
the image synthesizer 22 such that, each time reception data
of the three frame images E, D, and C or reception data of
the three frame images E, A, and B is acquired, five frame
images sequentially produced by the signal processor 21 of
the update image producer 4 based on reception data for five
frames sequentially acquired hitherto are synthesized to
produce a spatial compound image.

[0087] For example, if reception data of the fifth frame
image is acquired in one data acquisition cycle in which
reception data of six frame images are sequentially acquired,
five frame images including the frame image C produced
based on reception data and the previous four frame images
A, B, E. and D are synthesized to produce a spatial com-
pound image, thereafter, image synthesis is not performed
when reception data corresponding to the sixth frame image
E and reception data of the first frame image A in the next
data acquisition cycle are acquired, and when reception data
of the second frame image is acquired subsequently, five
frame images including the frame image B produced based
on reception data and the previous four frame images, that
is, the fourth frame image D, the fifth frame image C, the
sixth frame image E in the previous data acquisition cycle
and the first frame image A in the subsequent data acquisi-
tion cycle are synthesized to produce a spatial compound
image.

[0088] In this way, each time reception data of three frame
images is acquired, five frame images based on reception
data for five frames sequentially acquired hitherto are syn-
thesized to produce a spatial compound image, whereby,
among the five frame images for use in producing the spatial
compound image, the frame image E is constantly allocated
as the frame F3 located at the center in a time-series manner,
and the frame images A and C or the frame images D and B
are respectively allocated in the first frame F1 and the fifth
frame F5 which are most temporally separated.

[0089] That is, as shown in FIG. 7, among the five frame
images which are synthesized to produce the spatial com-
pound image, a combination of the first frame F1 for which
reception data is acquired at the earliest time t1 and the fifth
frame F5 for which reception data is acquired at the latest
time t5 becomes the frame image A of the steering angle of
0 degrees and the frame image C of the steering angle +a or
the frame image D of the steering angle -b and the frame
image B of the steering angle -a, and the angle difference
A01 in steering angle between the frame F1 and the frame
F5 becomes “a” or “b-a” and is constantly smaller than the
maximum angle difference 2-b among the angle difference in
steering angle between two frame images among the five
kinds of frame images A to E.

[0090] Among the five frame images, a combination of the
second frame F2 for which reception data is acquired at the
second time t2 and the fourth frame F4 for which reception
data is acquired at the fourth time t4 becomes the frame
image B of the steering angle —a and the frame image D of
the steering angle —b or the frame image C of the steering
angle +a and the frame image A of the steering angle of 0
degrees, and the angle difference A02 in steering angle
between the frame F2 and the frame F4 becomes “b-a” or
“@” and is constantly smaller than the maximum angle
difference 2-b among the angle differences in steering angle
between two frame images among the five kinds of frame
images A to E.
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[0091] For this reason, even if frame images are synthe-
sized five by five to perform spatial compounding while
moving the transducer array 1 along the body surface of the
subject, a state in which, among the five frame images for
use in producing the spatial compound image, the angle
difference A81 in steering angle between the first frame F1
and the fifth frame F5, for which the moving distance of the
transducer array 1 is largest, and the angle difference A62 in
steering angle between the second frame F2 and the fourth
frame F4 become the maximum value 2-b is not generated,
and it is possible to achieve reduction in artifacts.

[0092] The angle difference in steering angle between the
first frame F1 and the fourth frame F4 and the angle
difference in steering angle between the second frame F2
and the fifth frame F5 are smaller than the maximum angle
difference 2-b.

[0093] In this way, even if, each time reception data of
three frame images is acquired, five frame images based on
reception data for five frames sequentially acquired hitherto
are synthesized to produce a spatial compound image,
among the five frame images for use in producing the spatial
compound image, not only the angle difference A61 in
steering angle between the first frame F1 and the fifth frame
F5 for which the acquisition of reception data is most
temporally separated, but also the angle difference A62 in
steering angle between the second frame F2 and the fourth
frame F4, the angle difference in steering angle between the
first frame F1 and the fourth frame F4, and the angle
difference in steering angle between the second frame F2
and the fifth frame F5 are smaller than the maximum angle
difference 2-b among the angle differences in steering angle
between two frame images among the five kinds of frame
images A to E. For this reason, even if the frame rate is not
increased, it is possible to produce a spatial compound
image with reduced artifacts.

[0094] The synthesis of frame images is performed each
time reception data of three frame images is acquired, and
thus, the update rate of the spatial compound image becomes
Y4 compared to a related art example shown in FIG. 12
where frame images are synthesized each time reception
data of one frame is acquired. Meanwhile, if frame images
are about to be synthesized each time reception data of five
frame images for use in producing a spatial compound
image is acquired, while the image update rate is lowered to
15, it is possible to reduce artifacts while suppressing
degradation in operationality.

[0095] In Embodiment 2, although reception data corre-
sponding to the frame images A, B, E, D, C, and E are
repeatedly acquired in the data acquisition cycle of six
frames, and each time reception data of the three frame
images E, D, and C or reception data of the three frame
images E, A, and B is acquired, five frame images sequen-
tially produced based on reception data for five frames
sequentially acquired hitherto are synthesized to produce a
spatial compound image, the invention is not limited thereto.
[0096] A combination in which, among the five frame
images for use in producing the spatial compound image, the
frame image D and E are respectively allocated in the first
frame F1 and the fifth frame F5, for which the acquisition of
reception data is most temporally separated, to form the
maximum angle difference 2-b in steering angle should not
be used.

[0097] Forexample, reception data of the frame images A,
C, D, E, B, and D may be repeatedly acquired in the data
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acquisition cycle of six frames, and each time reception data
of the three frame images D, E, and B or reception data of
the three frame images D, A, and C is acquired, five frame
images produced based on reception data for five frames
sequentially acquired hitherto may be synthesized to pro-
duce a spatial compound image. In this case, among the five
frame images for use in producing the spatial compound
image, a combination of the first frame F1 and the fifth frame
F5 for which the acquisition of reception data is most
temporally separated becomes the frame image A of the
steering angle of 0 degrees and the frame image B of the
steering angle -a or the frame image E of the steering angle
+b and the frame image C of the steering angle +a, and the
angle difference AB1 in steering angle between the frame F1
and the frame F5 becomes “a” or “b-a” and is constantly
smaller than the maximum angle difference 2'b among the
five kinds of steering angles. For this reason, it is possible to
reduce artifacts.

[0098] A frame image having a maximum steering angle,
in this case, either the frame image D of the steering angle
-b or the frame image E of the steering angle +b is allocated
as a frame image for which reception data is acquired third
in the data acquisition cycle of six frames and a frame image
for which reception data is acquired sixth. Then, even when
five frame images for which reception data is acquired first
to fifth in one data acquisition cycle are used to produce a
spatial compound image or even when five frame images for
which reception data is acquired fourth to sixth in one data
acquisition cycle and the first and second frames of the next
data acquisition cycle are used to produce a spatial com-
pound image, a frame image having a maximum steering
angle for which reception data is acquired third and sixth in
the data acquisition cycle is not allocated in the first frame
F1 and the fifth frame F5, for which the acquisition of
reception data is most temporally separated, among the five
frame images for use in producing the spatial compound
image, and it is easy to make the angle difference A01 in
steering angle between the frames F1 and F5 smaller than
the maximum angle difference 2-b among the angle differ-
ences in steering angle between two frame images among
the five kinds of frame image A to E.

[0099] Among the five frame images for use in producing
the spatial compound image, the angle difference A81 in
steering angle between the first frame F1 and the fifth frame
F5 for which the acquisition of reception data is most
temporally separated is set to the minimum angle difference
among the angle differences in steering angle between two
frame images among the five kinds of frame images A to E,
whereby it is possible to maximize an artifact reduction
effect.

[0100] In Embodiment 2, as shown in FIG. 7, among the
five frame images which are synthesized to produce the
spatial compound image, the angle difference A61 in steer-
ing angle between the first frame F1 and the fifth frame F5
for which the acquisition of reception data is most tempo-
rally separated becomes the minimum angle difference
“b—a” among the angle differences in steering angle between
two frame images among the five kinds of frame images A
to E or “a” equivalent to the minimum angle difference, and
artifacts are effectively reduced.

[0101] In Embodiment 2 described above, although, in
order to produce a spatial compound image made from five
frame images, subsequent to the acquisition of reception
data of the first to fifth frame images, reception data having
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the same steering angle as the third frame image to form a
new sixth frame image, and each time reception data of three
frame images is acquired, the synthesis of five frame images
sequentially produced based on reception data for five
frames sequentially acquired hitherto is performed, the
invention is not limited thereto.

[0102] As shown in FIG. 8, reception data corresponding
to the frame images A, B, D, C, and E may be repeatedly
acquired in a data acquisition cycle of five frames, and each
time reception data of one frame image is acquired, five
frame images produced based on reception data for five
frames sequentially acquired hitherto may be synthesized to
produce a spatial compound image.

[0103] However, it is necessary to set the order of the
frame images of the five kinds of steering angles in each data
acquisition cycle such that, among the five frame images for
use in producing the spatial compound image, the angle
difference A81 in steering angle between the first frame F1
and the fifth frame F5 for which the acquisition of reception
data is most temporally separated is constantly smaller than
the maximum angle difference 2-b among the angle differ-
ences in steering angle between two frame images among
the five kinds of frame images A to E.

[0104] To this end, the two frame images D and E having
the maximum steering angle among the five kinds of frame
images A to E should not be respectively allocated as the first
and fifth frame images in the data acquisition cycle of five
frames or should not be allocated as continuous frame
images in the data acquisition cycle. Then, each time recep-
tion data of one frame image 1s acquired, even if five frame
images produced hitherto are synthesized, among the five
frame images for use in producing the spatial compound
image, the frame images D and E having the maximum
steering angle are not allocated in both the first frame F1 and
the fifth frame F5, and it is possible to achieve reduction in
artifacts.

[0105] Instead of each time reception data of one frame
image is acquired, each time reception data of two or more
and four or less frame images is acquired while repeatedly
acquiring reception data corresponding to the frame images
A, B, D, C, and E in the data acquisition cycle of five frames,
five frame images produced based on reception data for five
frames sequentially acquired hitherto may be synthesize to
produce a spatial compound image. However, as shown in
FIG. 8, it is preferable that the synthesis of five frame images
is performed each time reception data of one frame image is
acquired since the update rate of the spatial compound
image is improved and operationality as the ultrasound
diagnostic apparatus is increased.

[0106] Although the absolute value b of the steering angle
of each of the frame images D and E is greater than the
absolute value a of the steering angle of each of the frame
image B and C, and the angle “b-a” is smaller than the angle
a, the invention is not limited thereto. Among the five frame
images for use in producing the spatial compound image, the
angle difference A0l in steering angle between the first
frame F1 and the fifth frame F5 for which the acquisition of
reception data is most temporally separated should be
smaller than the maximum angle difference among the angle
differences in steering angle between two frame images
among the five kinds of frame images A to E, and for
example, the angle “b-a” may be set to be greater than the
angle a.
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[0107] In Embodiment 2 described above, although the
frame images corresponding to the five kinds of steering
angles including the frame image A of the steering angle of
0 degrees, the frame image B of the steering angle -a, the
frame image C of the steering angle +a, the frame image D
of the steering angle -b, and the frame image E of the
steering angle +b are produced, the invention is not limited
thereto, and five kinds of frame images having different
arbitrary steering angles may be produced to produce a
spatial compound image.

[0108] At this time, among the five kinds of frame images,
a frame image having a maximum steering angle is allocated
as a frame image for which reception data is acquired third
in the data acquisition cycle of six frames and a frame image
for which reception data is acquired sixth, whereby, among
the five frame images for use in producing the spatial
compound image, the angle difference in steering angle
between the first frame F1 and the fifth frame F5 for which
the acquisition of reception data is most temporally sepa-
rated can be made smaller than the maximum angle differ-
ence among the angle differences in steering angle between
two frame images among the five kinds of frame images.

Embodiment 3

[0109] In Embodiments 1 and 2 described above, although
an odd number of frame images are synthesized to produce
a spatial compound image, an ultrasound diagnostic appa-
ratus according to Embodiment 3 synthesizes four frame
images to produce a spatial compound image. The configu-
ration of the ultrasound diagnostic apparatus according to
Embodiment 3 is the same as the ultrasound diagnostic
apparatus of Embodiment 1 shown in FIG. 1.

[0110] In Embodiment 3, the frame images B to E corre-
sponding to four kinds of steering angles excluding the
frame image A of the steering angle of 0 degrees from the
frame images A to E corresponding to the five kinds of
steering angles shown in FIG. 5 in connection with the
Embodiment 2 are produced.

[0111] As will be understood from FIG. 5, the maximum
angle difference 2-b among the angle differences in steering
angle between two frame images among the four kinds of
frame images B to E is formed between the frame image D
and the frame image E, and the minimum angle difference
“b—a” in steering angle is formed between the frame image
B and the frame image D and between the frame image C
and the frame image E.

[0112] Then, as shown in FIG. 9, the transmission and
reception controller 7 controls the operations of the trans-
mitter 2 and the receiver 3 such that reception data corre-
sponding to the second frame image B of the steering angle
-a, reception data corresponding to the third frame image E
of the steering angle +b, reception data corresponding to the
fifth frame image C of the steering angle +a, and reception
data corresponding to the fourth frame image D of the
steering angle -b are sequentially repeatedly acquired. That
1s, reception data corresponding to the frame images B, E, C,
and D are repeatedly acquired in the data acquisition cycle
of four frames.

[0113] The apparatus controller 8 controls the operation of
the image synthesizer 22 such that, each time reception data
of the two frame images C and D or reception data of the two
frame images B and E is acquired, four frame images
sequentially produced by the signal processor 21 of the
update image producer 4 based on reception data for four
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frames sequentially acquired hitherto are synthesized to
produce a spatial compound image.

[0114] For example, if reception data of the fourth frame
image is acquired in one data acquisition cycle in which
reception data of four frame images is sequentially acquired,
four frame images including the frame image D produced
based on reception data and the previous three frame images
B, E, and C are synthesized to produce a spatial compound
image, thereafter, image synthesis is not performed when
reception data corresponding to the first frame image is
acquired in the next data acquisition cycle, and when recep-
tion data of the second frame image is acquired subse-
quently, four frame images including the frame image E
produced based on reception data and the previous three
frame images, that is, the third frame image C and the fourth
frame image D in the previous data acquisition cycle and the
first frame image B in the subsequent data acquisition cycle
are synthesized to produce a spatial compound image.

[0115] In this way, each time reception data of two frame
images is acquired, four frame images based on reception
data for four frames sequentially acquired hitherto are
synthesized to produce a spatial compound image, whereby,
among the four frame images for use in producing the spatial
compound image, the frame images B and D or the frame
images C and E are respectively allocated in the first frame
F1 and the fourth frame F4 for which the acquisition of
reception data is most temporally separated.

[0116] That is, as shown in FIG. 10, among the four frame
images which are synthesized to produce the spatial com-
pound image, a combination of the first frame F1 for which
reception data is acquired at the earliest time t1 and the
fourth frame F4 for which reception data is acquired at the
latest time t4 becomes the frame image B of the steering
angle —a and the frame image D of the steering angle -b or
the frame image C of the steering angle +a and the frame
image E of the steering angle +b, and the angle difference AD
in steering angle between the frame F1 and the frame F4
constantly becomes the minimum angle difference “b-a”
among the angle differences in steering angle between two
frame images among the four kinds of frame image B to E
and is smaller than the maximum angle difference 2-b.

[0117] For this reason, even if frame images are synthe-
sized four by four to perform spatial compounding while
moving the transducer array 1 along the body surface of the
subject, a state in which, among the four frame images for
use in producing the spatial compound image, the angle
difference A9 in steering angle between the first frame F1
and the fourth frame F4, for which the moving distance of
the transducer array 1 is largest, becomes the maximum
value 2-b is not generated, and it is possible to achieve
reduction in artifacts.

[0118] In this way, each time reception data of two frame
images is acquired, even if four frame images based on
reception data for four frames sequentially acquired hitherto
are synthesized to produce a spatial compound image,
among the four frame images for use in producing the spatial
compound image, the angle difference A0 in steering angle
between the first frame F1 and the fourth frame F4 for which
the acquisition of reception data is most temporally sepa-
rated is smaller than the maximum angle difference 2-b
among the angle differences in steering angle between two
frame images among the four kinds of frame images B to E.
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For this reason, even if the frame rate is not increased, it is
possible to produce a spatial compound image with reduced
artifacts.

[0119] In Embodiment 3, although reception data corre-
sponding to the frame images B, E, C, and D are repeatedly
acquired in the data acquisition cycle of four frames, and
each time reception data of the two frame images C and D
or reception data of the two frame images B and E is
acquired, four frame images sequentially produced based on
reception data for four frames sequentially acquired hitherto
are synthesized to produce a spatial compound image, the
invention is not limited thereto.

[0120] A combination in which, among the four frame
images for use in producing the spatial compound image, the
frame images D and E are respectively allocated in the first
frame F1 and the fourth frame F4, for which the acquisition
of reception data is most temporally separated, to form the
maximum angle difference 2-b in steering angle should not
be used.

[0121] For example, reception data corresponding to the
frame images B, D, C, and E may be repeatedly acquired in
the data acquisition cycle of four frames, and each time
reception data of the two frame images C and E or reception
data of the two frame images B and D is acquired, four frame
images produced based on reception data for four frames
sequentially acquired hitherto may be synthesized to pro-
duce a spatial compound image. In this case, among the four
frame images for use in producing the spatial compound
image, a combination of the first frame F1 and the fourth
frame F4 for which the acquisition of reception data is most
temporally separated becomes the frame image B of the
steering angle —a and the frame image E of the steering angle
+b or the frame image C of the steering angle +a and the
frame image D of the steering angle -b, and the angle
difference AO in steering angle between the frame F1 and the
frame F4 becomes “a+b” and is constantly smaller than the
maximum angle differences 2:b among the four kinds of
steering angles. For this reason, it is possible to reduce
artifacts.

[0122] However, in the data acquisition cycle of the order
of the frame images B, E, C, and D shown in FIG. 9, since
the angle difference A8 in steering angle between the frame
F1 and the frame F4 becomes the minimum angle difference
“b—a” among the angle differences in steering angle between
two frame images among the four kinds of frame images B
to E, it is possible to more effectively reduce artifacts.
[0123] In Embodiment 3 described above, although, in
order to produce a spatial compound image made from four
frame images, reception data of the four frame images is
repeatedly acquired in the data acquisition cycle of four
frames, and each time reception data of two frame images is
acquired, the synthesis of four frame images sequentially
produced based on reception data for four frames sequen-
tially acquired hitherto is performed, the invention is not
limited thereto.

[0124] As shown in FIG. 11, reception data corresponding
to the frame images B, E, C, and D may be repeatedly
acquired in the data acquisition cycle of four frames, and
each time reception data of one frame image is acquired,
four frame images produced based on reception data for four
frames sequentially acquired hitherto may be synthesized to
produce a spatial compound image.

[0125] However, it is necessary to set the order of frame
images of four kinds of steering angles in each data acqui-
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sition cycle such that, among the four frame images for use
in producing a spatial compound image, the angle difference
A6 in steering angle between the first frame F1 and the
fourth frame F4, for which the acquisition of reception data
is most temporally separated, is constantly smaller than the
maximum angle difference 2-b among the angle differences
in steering angle between two frame images among the four
kinds of frame images B to E.

[0126] To this end, the two frame images D and E having
the maximum steering angle among the four kinds of frame
images B to E should not be respectively allocated as the
first and fourth frame image in the data acquisition cycle of
four frames or should not be allocated as continuous frame
images in the data acquisition cycle. Then, each time recep-
tion data of one frame image is acquired, even if four frame
images produced hitherto are synthesized, the frame images
D and E having the maximum steering angle among the four
frame images for use in producing a spatial compound
image are not allocated in both the first frame F1 and the
fourth frame F4, and it is possible to achieve reduction in
artifacts.

[0127] Instead of each time reception data of one frame
image is acquired, while reception data corresponding to the
frame images B, E, C, and D is repeatedly acquired in the
data acquisition cycle of four frames, each time reception
data of two or more and three or less frame images is
acquired, four frame images produced based on reception
data for four frames sequentially acquired hitherto may be
synthesized to produce a spatial compound image. However,
as shown in FIG. 11, it is preferable that the synthesis of the
four frame images is performed each time reception data of
one frame image is acquired since the update rate of the
spatial compound image is improved and operationality as
the ultrasound diagnostic apparatus is increased.

[0128] In Embodiment 3, although the frame images cor-
responding to the four kinds of steering angles including the
frame image B of the steering angle —a, the frame image C
of the steering angle +a, the frame image D of the steering
angle -b, and the frame image E of the steering angle +b are
produced, the invention is not limited thereto, and four kinds
of frame images having different arbitrary steering angles
may be produced to produce a spatial compound image.
[0129] Although in Embodiment 1 described above, the
three frame images are synthesized to produce a spatial
compound image, in Embodiment 2, the five frame images
are synthesized to produce a spatial compound image, and in
Embodiment 3, the four frame images are synthesized to
produce a spatial compound image, the invention can be
applied similarly to a case where an odd number of n (seven
or more) frame images are synthesized to produce a spatial
compound image.

[0130] In this case, reception data of n+1 frame images
obtained by adding a new frame image having the same
steering angle of the ultrasonic beam as a k-th (k=(n+1)/2)
specific frame image ordered at the center of n kinds of
frame images having different steering angles to n frame
images as an (n+l)th frame image can be sequentially
repeatedly acquired, and each time reception data of k frame
images is acquired, previous n frame images for which
reception data is sequentially acquired hitherto can be syn-
thesized to produce a spatial compound image. At this time,
a frame image having a maximum steering angle among the
n kinds of frame images is used as the k-th specific frame
image, among the n frame images for use in producing a
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spatial compound image, the angle difference in steering
angle between two frames for which the acquisition of
reception data is most temporally separated can be made
smaller than a maximum angle difference among the angle
differences in steering angle between two frame images
among the n kinds of frame images.

[0131] Even when an even number of six or more frame
images are synthesized to produce a spatial compound
image, similarly, the invention is applied, and among the
even number of frame images for use in producing a spatial
compound image, the angle difference in steering angle
between two frames for which the acquisition of reception
data is most temporally separated is smaller than a maxi-
mum angle difference among the angle differences in steer-
ing angle between two frame images among the even
number of frame images, whereby it is possible to reduce
artifacts while suppressing degradation in image quality and
degradation in image update rate.

[0132] In Embodiments 1 to 3 described above, although
the image synthesizer 22 of the update image producer 4
synthesizes the B-mode image signal of a plurality of frames
produced by the signal processor 21, the invention is not
limited thereto, and for example, sound ray signals of a
plurality of frames produced through reception focus pro-
cessing in the signal processor 21 may be synthesized and
B-mode image signals may be formed based on the synthe-
sized sound ray signal to produce a spatial compound image.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a transducer array;

a transmitter which supplies an actuation signal to the
transducer array to transmit an ultrasonic beam from
the transducer array toward a subject;

a receiver which processes a reception signal output from
the transducer array having received an ultrasonic echo
by the subject to acquire reception data;

a transmission/reception controller which controls the
transmitter and the receiver such that, when n is an
integer equal to or greater than 3, reception data of n
frame images is sequentially repeatedly acquired in
order to synthesize n frame images having different
steering angles of the ultrasonic beam to produce an
update image, and the angle difference in steering angle
between two frame images, for which the acquisition of
reception data is most temporally separated, among the
n frame images for use in producing the update image
is smaller than a maximum angle difference among the
angle differences in steering angle between two frame
images among the n frame images; and

an update image producer which produces each update
image based on reception data acquired by the receiver,

wherein, when m is an integer equal to or greater than 1
and less than n, each time reception data of m frame
images is acquired by the receiver, the update image
producer synthesizes the previous n frame images, for
which reception data is sequentially acquired hitherto,
to produce the update image.

2. The ultrasound diagnostic apparatus according to claim

17

wherein the transmission/reception controller controls the
transmitter and the receiver such that the number of the
reception data which is repeatedly acquired for produc-
ing the update image is larger than the n.
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3. The ultrasound diagnostic apparatus according to claim
15
wherein the transmission/reception controller controls the
transmitter and the receiver such that the angle differ-
ence in steering angle between two frame images, for
which the acquisition of reception data is most tempo-
rally separated, among the n frame images for use in
producing each update image becomes a minimum
angle difference among the angle differences in steering
angle between two frame images among the n frame
images.
4. The ultrasound diagnostic apparatus according to claim
25
wherein the transmission/reception controller controls the
transmitter and the receiver such that the angle differ-
ence in steering angle between two frame images, for
which the acquisition of reception data is most tempo-
rally separated, among the n frame images for use in
producing each update image becomes a minimum
angle difference among the angle differences in steering
angle between two frame images among the n frame
images.
5. The ultrasound diagnostic apparatus according to claim
1,
wherein the transmission/reception controller controls the
transmitter and the receiver such that, when n is an even
number, a new frame image having a difference in
steering angle of the ultrasonic beam of b-al from a
k-th (k=n/2) specific frame image among the n frame
images is used as an (n+1)th frame image, and the
reception data of the n frame images is sequentially
repeatedly acquired, and
each time reception data of k frame images is acquired by
the receiver, the update image producer synthesizes the
previous n frame images, for which reception data is
sequentially acquired hitherto, to produce the update
image.
6. The ultrasound diagnostic apparatus according to claim
25
wherein the transmission/reception controller controls the
transmitter and the receiver such that, when n is an even
number, a new frame image having a difference in
steering angle of the ultrasonic beam of b-al from a
k-th (k=n/2) specific frame image among the n frame
images is used as an (n+1)th frame image, and the
reception data of the n frame images is sequentially
repeatedly acquired, and
each time reception data ofk frame images is acquired by
the receiver, the update image producer synthesizes the
previous n frame images, for which reception data is
sequentially acquired hitherto, to produce the update
image.
7. The ultrasound diagnostic apparatus according to claim
35
wherein the transmission/reception controller controls the
transmitter and the receiver such that, when n is an even
number, a new frame image having a difference in
steering angle of the ultrasonic beam of [b-al from a
k-th (k=n/2) specific frame image among the n frame
images is used as an (n+1)th frame image, and the
reception data of the n frame images is sequentially
repeatedly acquired, and
each time reception data ofk frame images is acquired by
the receiver, the update image producer synthesizes the
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previous n frame images, for which reception data is
sequentially acquired hitherto, to produce the update
image.

8. The ultrasound diagnostic apparatus according to claim

wherein the transmission/reception controller controls the
transmitter and the receiver such that, when n is an even
number, a new frame image having a difference in
steering angle of the ultrasonic beam of [b-al from a
k-th (k=n/2) specific frame image among the n frame
images is used as an (n+1)th frame image, and the
reception data of the n frame images is sequentially
repeatedly acquired, and

each time reception data of k frame images is acquired by
the receiver, the update image producer synthesizes the
previous n frame images, for which reception data is
sequentially acquired hitherto, to produce the update
image.

9. The ultrasound diagnostic apparatus according to claim

wherein the transmission/reception controller controls the
transmitter and the receiver such that, when n is an odd
number, reception data of n+1 frame images obtained
by adding a new frame image having the same steering
angle of the ultrasonic beam as a k-th (k=(n+1)/2)
specific frame image among the n frame images to the
n frame images as an (n+1)th frame image is sequen-
tially repeatedly acquired, and

each time reception data of'k frame images is acquired by
the receiver, the update image producer synthesizes the
previous n frame images, for which reception data is
sequentially acquired hitherto, to produce the update
image.

10. An ultrasound image producing method comprising:

performing transmission and reception of an ultrasonic
beam by a transducer array such that, when n is an
integer equal to or greater than 3, reception data of n
frame images is sequentially repeatedly acquired in
order to synthesize n frame images having different
steering angles of the ultrasonic beam to produce an
update image, and the angle difference in steering angle
between two frame images, for which the acquisition of
reception data is most temporally separated, among the
n frame images for use in producing the update image
is smaller than a maximum angle difference among the
angle differences in steering angle between two frame
images among the n frame images; and

producing each update image based on the acquired
reception data,

wherein, when m is an integer equal to or greater than 1
and less than n, each time reception data of m frame
images is acquired by the receiver, the previous n frame
images, for which reception data is sequentially
acquired hitherto, are synthesized to produce the update
image.

11. The ultrasound image producing method according to

claim 10,

wherein the transmission and reception of the ultrasonic
beam by the transducer array are performed such that
the number of the reception data which is repeatedly
acquired for producing the update image is larger than
the n.

12. The ultrasound image producing method according to

claim 10,
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wherein the transmission and reception of the ultrasonic
beam by the transducer array are performed such that
the angle difference in steering angle between two
frame images, for which the acquisition of reception
data is most temporally separated, among the n frame
images for use in producing each update image
becomes a minimum angle difference among the angle
differences in steering angle between two frame images
among the n frame images.

13. The ultrasound image producing method according to

claim 11,

wherein the transmission and reception of the ultrasonic
beam by the transducer array are performed such that
the angle difference in steering angle between two
frame images, for which the acquisition of reception
data is most temporally separated, among the n frame
images for use in producing each update image
becomes a minimum angle difference among the angle
differences in steering angle between two frame images
among the n frame images.

14. The ultrasound image producing method according to

claim 12,
wherein the transmission and reception of the ultrasonic

beam by the transducer array are controlled such that,
when n is an even number, a new frame image having
a difference in steering angle of the ultrasonic beam of
[b-al from a k-th (k=1/2) specific {frame image among
the n frame images is used as an (n+1)th frame image,
and the reception data of the n frame images is sequen-
tially repeatedly acquired, and

each time reception data ofk frame images is acquired by
the receiver, the previous n frame images, for which
reception data is sequentially acquired hitherto, are
synthesized to produce the update image.

15. The ultrasound image producing method according to

claim 13,
wherein the transmission and reception of the ultrasonic

beam by the transducer array are controlled such that,
when n is an even number, a new frame image having
a difference in steering angle of the ultrasonic beam of
Ib-al from a k-th (k=n/2) specific frame image among
the n frame images is used as an (n+1)th frame image,
and the reception data of the n frame images is sequen-
tially repeatedly acquired, and

each time reception data ofk frame images is acquired by
the receiver, the previous n frame images, for which
reception data is sequentially acquired hitherto, are
synthesized to produce the update image.

16. The ultrasound image producing method according to

claim 10,
wherein the transmission and reception of the ultrasonic

beam by the transducer array are performed such that,
when n is an odd number, reception data of n+1 frame
images obtained by adding a new frame image having
the same steering angle of the ultrasonic beam as a k-th
(k=(n+1)/2) specific frame image among the n frame
images to the n frame images as an (n+l)th frame
image is sequentially repeatedly acquired, and

each time reception data ofk frame images is acquired by

the receiver, the previous n frame images, for which
reception data is sequentially acquired hitherto, are
synthesized to produce the update image.
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