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(57) ABSTRACT

An object of the invention is to provide an ultrasonic diag-
nostic apparatus that can scan a region of interest at high
speed and other regions at low speed.

In the ultrasonic diagnostic apparatus of the invention, a
two-dimensional array probe 1 formed by arranging a plural-
ity of ultrasonic elements two-dimensionally transmits an
ultrasonic beam to a three-dimensional region and receives a
reflected signal. The ultrasonic beam scans a region on a
pyramid, and the scan region is divided into a main scan
region Am of a region of interest and a subscan region. The
subscan region is divided into small regions Asl, As2, As3,
and As4. The number of main scanning times of the main scan
region is larger than the number of subscanning times of the
subscan region.

5 Claims, 5 Drawing Sheets

(X} Ts1 | Tm { T2 | Tm | Ts3 | Tm | Ts4 | Tm

Tsl | Tm | T2 | Tm [ T3 | Tm | Tsd | Tm | @ @

A — Tel

Tc2 ———]




US 8,641,625 B2
Page 2

(56)

References Cited

FOREIGN PATENT DOCUMENTS

2003-093385 A
2004-195024 A
2005-185333 A
2004/021041 Al

4/2003
7/2004
7/2005
3/2004

OTHER PUBLICATIONS

International Search Report for PCT/JP2007/067612.

Doyle et al., Block Regional Interpolation Scheme for k-Space
[BRISK]: A Rapid Cardiac Imaging Technique, Magnetic Resonance
in Medicine, vol. 33, No. 2, pp. 163-170, 1996.

* cited by examiner



US 8,641,625 B2

Sheet 1 of 5

Feb. 4,2014

U.S. Patent

oL 191
WL | 8L | WL | €SL | Wl | TSL | Wl | ISL | WL | #SL | Wl | €S1 | wl | TSL | Wl | [SL
g} Old
Y ~_
sV~~~ T~
utll"
I.I
wy .§.\\
sy < - - 1
sv
VI ‘Old



U.S. Patent Feb. 4,2014 Sheet 2 of 5 US 8,641,625 B2

as2
tm

ts2

tm

R2
asl
ts

Tec2

FIG. 2B
As2
Tm

Tm | Ts2

7
%
/
Am

Iy

Tsl

R1
Asl
tm

ts2

tm

tsl
Tel

Tm

Tm | Ts2

FIG. 2A
FIG. 2C

Tsl




U.S. Patent Feb. 4,2014 Sheet 3 of 5 US 8,641,625 B2

[ ]
®
E‘fa
-
‘&
=
&
o
=
&
@ =
<
s
< 2 mQ
<
™ ™ &
O] o g
— 5 — H
LL LL
(o }
- &
< g
=
&
=
g
=
o
b=
E
@
=




U.S. Patent Feb. 4,2014 Sheet 4 of 5 US 8,641,625 B2

FIG. 4A

™

FROMSIGNAL
PROCESSING —
SECTION

2@ Tl | T [T2 | Tm [Tl | Tm | T2 { Tm | Tst | Tm | Ts2 | Tm Y )

o ¢l Te2 Tel



US 8,641,625 B2

Sheet 5 of 5

Feb. 4,2014

U.S. Patent

LIV d0Idd

ala|a|a | el uala|la|la|l w«

NVOS NVOS NVOS NVOS

az ae az ae

g9 Old
LAV dOIdd

78
>
£
VG 'Old




US 8,641,625 B2

1
ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

This invention relates to an ultrasonic diagnostic apparatus
for scanning a region of interest at high speed and other
regions at low speed.

BACKGROUND ART

As shown in FIGS. 5A and 5B, a conventional ultrasonic
diagnostic apparatus is configured so as to perform drive
control of a two-dimensional array probe 1 formed by arrang-
ing a plurality of ultrasonic elements two-dimensionally so as
to intermittently perform three-dimensional scanning of a
target with the two-dimensional array probe. In an interval of
three-dimensional scanning T3 performed intermittently,
two-dimensional scanning T2 is performed at a scanning rate
higher than the scanning rate at the three-dimensional scan-
ning time and a three-dimensional image is formed based on
a method obtained by the three-dimensional scanning and a
two-dimensional image is formed based on a method
obtained by the two-dimensional scanning (for example, refer
to patent document 1).

Patent document 1: Japanese Patent Laid-Open No. 2000-
139906 (paragraphs 0009 and 0010 and FIGS. 2 and 4)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, in the conventional ultrasonic diagnostic appa-
ratus, there is a problem in that two-dimensional (main) scan-
ning cannot be performed while three-dimensional (sub)
scanning is performed.

The invention is embodied for solving the problem in the
related art and it is an object of the invention to provide an
ultrasonic diagnostic apparatus that can perform main scan-
ning in a main scan region while performing subscanning in
asubscan region and performs the main scanning of the main
scan region of a region of interest at high speed and the
subscanning of the subscan region of other regions at low
speed.

Means For Solving the Problems

An ultrasonic diagnostic apparatus of the invention has the
configuration wherein a scan region is divided into a main
scan region and a subscan region and the main scan region and
the subscan region are made up of two-dimensional scan
regions or three-dimensional scan regions and the subscan
region is divided into a plurality of small regions and main
scanning of the main scan region is performed between sub-
scanning of one small region and subscanning of another
small region.

According to the configuration, main scanning of the main
scan region can be performed while subscanning of the sub-
scan region is performed, and the main scanning of the main
scan region of the region of interest cab be performed at high
speed and the subscanning of the subscan region of other
regions cab be performed at low speed.

The ultrasonic diagnostic apparatus of the invention has the
configuration wherein in the whole scan region made up of
the main scan region and the subscan region, the main scan
region is main-scanned at equal time intervals regardless of
where the main scan region is placed in the whole scan region.
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According to the configuration, if the tissue in the main
scan region displaces on the time base, it becomes easy to
keep track of the time displacement.

Further, the ultrasonic diagnostic apparatus of the inven-
tion has the configuration wherein the scan region spreads to
a two-dimensional or three-dimensional region and a plural-
ity of scan regions exist.

According to the configuration, when the region of interest
exists in a plurality of two-dimensional or three-dimensional
regions, the scanning rate of the main scan region of the
region of interest can be increased.

Further, the ultrasonic diagnostic apparatus of the inven-
tion has the configuration wherein the plurality of scan
regions cross each other.

According to the configuration, if a plurality of scan
regions cross each other, the scanning rate of the main scan
region of the region of interest can be increased.

Further, the ultrasonic diagnostic apparatus of the inven-
tion has the configuration wherein the number of irradiation
times with a transmission ultrasonic beam per unit time is
made different in the subscan region.

According to the configuration, the subscanning rate of the
region of comparatively high interest in the subscan region
can be increased.

Further, the ultrasonic diagnostic apparatus of the inven-
tion has the configuration wherein it has a scan converter for
updating a display image in real time upon each completion of
transmission ultrasonic beam scanning made up of the main
scanning of the main scan region multiple times and the
subscanning of the subscan region in the scan region, and the
scan converter can set different persistence in the main scan
region and the subscan region.

According to the configuration, the scanning speed of the
transmission ultrasonic beam in the scanregion and the image
update speed of a display can be matched with each other.

Further, the ultrasonic diagnostic apparatus of the inven-
tion has the configuration a marker is displayed on a boundary
between the main scan region and the subscan region.

According to the configuration, the boundary between the
main scan region and the subscan region can be clearly iden-
tified.

Advantages of the Invention

The invention can provide the ultrasonic diagnostic appa-
ratus having the advantage that it can perform main scanning
of the main scan region between subscanning of one subscan
region and subscanning of another subscan region, can con-
tinue the main scanning of the main scan region of the region
of interest, and can perform the main scanning of the region of
interest at high speed and subscanning of other regions at low
speed by providing the configuration wherein the scan region
is divided into the main scan region and the subscan region
and the subscan region is divided into. the small regions and
the main scanning of the main scan region is performed
between subscanning of one small region and subscanning of
another small region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing to show an outline of scanning of an
ultrasonic diagnostic apparatus in a first embodiment of the
invention and scanning timings.

FIG. 2 is a drawing to show an outline of scanning of an
ultrasonic diagnostic apparatus in a second embodiment of
the invention, a scan region, and scanning timings.
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FIG. 3 is a drawing to show an outline of scanning of an
ultrasonic diagnostic apparatus in a third embodiment of the
invention and scanning timings.

FIG. 4 is a block diagram of a display section of an ultra-
sonic diagnostic apparatus in a fourth embodiment of the
invention and is a drawing to show scanning timings.

FIG. 5 is a drawing to show an outline of scanning of a
conventional ultrasonic diagnostic apparatus and scanning
timings.

DESCRIPTION OF REFERENCE NUMERALS

1 Two-dimensional array probe
Am Main scan region

As1 Small region

As2 Small region

As3 Small region

As4 Small region

2 Scan converter

3 Display section

4 Memory

BEST MODE FOR CARRYING OUT THE
INVENTION

An ultrasonic diagnostic apparatus of each embodiment of
the invention will be discussed below with the accompanying
drawings:

FIG. 1A shows an outline of scanning in the ultrasonic
diagnostic apparatus of a first embodiment of the invention
and FIG. 1B shows scanning timings.

In FIG. 1A, a two-dimensional array probe 1 formed by
arranging a plurality of ultrasonic elements two-dimension-
ally transmits an ultrasonic beam to a three-dimensional
region and receives a reflected signal. The ultrasonic beam
scans a region on a pyramid, and the scan region is divided
into a main scan region Am of a region of interest and a
subscan region. The subscan region is divided into small
regions Asl, As2, As3, and As4. In FIG. 1B, the main scan-
ning time of the main scan region Am is indicated as Tm, the
subscanning time of the small region As1 is indicated as Ts1,
the subscanning time of the small region As2 is indicated as
Ts2, the subscanning time of the small region As3 is indicated
as Ts3, and the subscanning time of the small region As4 is
indicated as Ts4.

The operation of the ultrasonic diagnostic apparatus con-
figured as described above will be discussed with FIGS. 1A
and 1B.

To begin with, the small region As1 is subscanned at the
time Ts1. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As2 is subscanned at the
time Ts2. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As3 is subscanned at the
time Ts3. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As4 is subscanned at the
time Ts4. Next, the main scan region Am is main-scanned at
the time Tm. Scanning the scan region is completed in a time
Tcl. Thus, while the whole scan region is scanned once, the
main scan region Am of the region of interest can be main-
scanned four times. Also in a time Tc2, scanning is performed
in a similar manner. Thus, it is also made possible to main-
scan the main scan region Am of the region of interest at equal
intervals during the scan region is scanned.

According to the ultrasonic diagnostic apparatus of the first
embodiment of the invention, the scan region is divided into
the main scan region Am of the region of interest and the
subscan region and the subscan region is. divided into the
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small regions As1, As2, As3, and Asd, whereby the main scan
region Am of the region of interest can be main-scanned
multiple times while the whole scan region is scanned once. Tt
is also made possible to main-scan the main scan region Am
of the region of interest at equal intervals during the scan
region is scanned. and if the tissue in the main scan region
displaces on the time base, it becomes easy to keep track of
the time displacement.

Next, FIG. 2A shows an outline of scanning in an ultra-
sonic diagnostic apparatus of a second embodiment of the
invention, FIG. 2B shows scan regions, and FIG. 2C shows
scanning timings.

InFIG. 2A, a plurality of scan regions exist as scan regions
R1 and R2. The scan regions R1 and R2 cross each other. In
FIG. 2B, the scan region R1 is divided into a main scan region
Am and a subscan region and the subscan region is divided
into small scan regions As1 and As2. The scan region R2 is
divided into a main scan region am and a subscan region and
the subscan region is divided into small scan regions as1 and
as2. In FIG. 2C, the main scanning time of the main scan
region Am is indicated as Tm, the subscanning time of the
small region Asl is indicated as Ts1, the subscanning time of
the small region As2 is indicated as Ts2, the main scanning
time of the main scan region am is indicated as tm, the
subscanning time of the small region as1 is indicated as ts1,
and the subscanning time of the small region as2 is indicated
as ts2.

The operation of the ultrasonic diagnostic apparatus con-
figured as described above will be discussed with FIGS. 2B
and 2C.

To begin with, the small region As1 is subscanned at the
time Ts1. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As2 is subscanned at the
time Ts2. Next, the main scan region Am is main-scanned at
the time Tm. Scanning the scan region R1 is thus completed.
Next, the small region asl is subscanned at the time ts1. Next,
the main scan region am is main-scanned at the time tm. Next,
the small region as2 is subscanned at the time ts2. Next, the
main scan region am is main-scanned at the time am. Scan-
ning the scan region R2 is thus completed. Thus, while the
scan regions R1 and R2 are scanned each once in a time Tcl,
the main scan regions Am and am of regions of interest can be
main-scanned twice. Also in a time Tc2, scanning is per-
formed in a similar manner. In FIG. 2C, the main scan regions
are main-scanned in the order of Am, Am, am, and am, but can
also be main-scanned in the order of Am, am, Am, and am.
Thus, it is also made possible to main-scan the main scan
regions Am and am of the regions of interest at equal inter-
vals.

As described above, according to the ultrasonic diagnostic
apparatus of the second embodiment of the invention, a plu-
rality of scan regions exist as the scan regions R1 and R2, the
scan regions R1 and R2 cross each other, the scan region R1
is divided into the main scan region Am and the subscan
region, the subscan region is divided into the small scan
regions Asl and As2, the scan region R2 is divided into the
main scan region am and the subscan region, and the subscan
region is divided into the small scan regions asl and as2,
whereby the main scan regions Am and am of the regions of
interest can be main-scanned twice while the scan regions R1
and R2 are scanned each once.

Next, FIG. 3A shows an outline of scanning in an ultra-
sonic diagnostic apparatus of a third embodiment of the
invention and FIG. 3B shows scanning timings.

In FIG. 3A, a scan region R1 is divided into a main scan
region Am and a subscan region and the subscan region is
divided into small scan regions Asl, As2, and As3. In FIG.
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3B, the main scanning time of the main scan region Am is
indicated as Tm, the subscanning time of the small region As1
is indicated as Ts1, the subscanning time of the small region
As2isindicated as Ts2, and the subscanning time of the small
region As3 is indicated as Ts3.

The operation of the ultrasonic diagnostic apparatus con-
figured as described above will be discussed with FIG. 3B.

To begin with, the small region As1 is subscanned at the
time Ts1. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As2 is subscanned at the
time Ts2. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As1 is subscanned at the
time Ts1. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As2 is subscanned at the
time Ts2. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As3 is subscanned at the
time Ts3. Next, the main scan region Am is main-scanned at
the time Tm. Scanning the scan region R1 is completed in a
time Tcl. Thus, while the scan region R1 is scanned once, the
main scan region Am of a region of interest can be main-
scanned four times and further the number of irradiation
times with a transmission ultrasonic beam per unit time is
made different in the subscan region, whereby the small scan
regions As1 and As2 of the subscan region can be subscanned
each twice and the small scan region As3 of the subscan
region can be subscanned once. Also in a time Tc2, scanning
is performed in a similar manner. Thus, the subscanning rate
of the region of comparatively high interest in the subscan
region can be increased.

As described above, according to the ultrasonic diagnostic
apparatus of the third embodiment of the invention, the num-
ber of irradiation times with a transmission ultrasonic beam
per unit time is made different in the subscan region, whereby
the subscanning rate of each ofthe small scan regions As1 and
As2 of comparatively high interest in the subscan region can
be made higher than that of the small scan region As3 of the
subscan region.

FIG. 4A shows blocks including a display section of an
ultrasonic diagnostic apparatus of a fourth embodiment of the
invention and FIG. 4B shows scanning timings.

In FIG. 4A, a reception signal from a two-dimensional
array resonator is converted into an image signal in a scan
converter 2. The image signal of the scan converter 2 is stored
in memory 4. The image signal of the scan converter 2 is
displayed on a display section 3. A scan region R1 is dis-
played on the display section 3. The scan region R1 is divided
into a main scan region Am and a subscan region and the
subscan region is divided into small scan regions Asl and
As2. A marker 4 is displayed on each boundary between the
main scan region Am and the subscan region, namely, the
boundary between the main scan region Am and the small
scan region Asl and the boundary between the main scan
region Am and the small scan region As2. In FIG. 4B, the
main scanning time of the main scan region Am is indicated as
Tm, the subscanning time of the small region As1 is indicated
as Tsl1, and the subscanning time of the small region As2 is
indicated as Ts2.

The operation of the ultrasonic diagnostic apparatus con-
figured as described above will be discussed with FIGS. 4A
and 4B.

To begin with, the small region As1 is subscanned at the
time Ts1. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As2 is subscanned at the
time Ts2. Next, the main scan region Am is main-scanned at
the time Tm. Thus, the main scan region Am of a region of
interest can be main-scanned twice while the whole scan
region is scanned once. Also in a time Tc2, scanning is per-
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formed in a similar manner. The image data at the time Ts1,
the image data at the time Tm, and the image data at the time
Ts2 form an image frame F1. Likewise, the image data at the
time Ts2, the image data at the time Tm, and the image data at
the time Ts1 form an image frame F2. Frames F3, F4, and F5
are formed in such a manner. The formed frames are stored in
the memory 4. On the other hand, the display section pro-
duces display at the intervals of the times Tc1 and Tc2. The
frames F1, F3, and F5 are displayed in real time in scanning
the region R1. However, since all frames are stored in the
memory 4, if the image read speed from the memory 4 is
decreased, all image frames can be displayed on the display
section 3.

In the scan converter 2, persistence (afterimage effect) can
also be given to an image Vm in the main scan region Am and
images Vsl and Vs2 in the small regions As1 and As2 of the
subscan region. In this case, comparatively strong persistence
may be given to the main scan region because the number of
main scanning times per unit time is large, and comparatively
weak persistence may be given to the subscan region because
the number of subscanning times per unit time is small. Alter-
natively, if the tissue in the main scan region displaces largely
on the time base, comparatively weak persistence may be
given to the main scan region and comparatively strong pet-
sistence may be given to the subscan region.

As described above, according to the ultrasonic diagnostic
apparatus of the fourth embodiment of the invention, the scan
converter is provided for updating the display image in real
time upon each completion of transmission ultrasonic beam
scanning made up of the main scanning of the main scan
region multiple times and the subscanning of the subscan
region in the scan region, whereby the scanning speed of the
transmission ultrasonic beam in the scanregion and the image
update speed of the display can be matched with each other.

Further, in the ultrasonic diagnostic apparatus of the inven-
tion, the image persistence corresponding to the main scan
region is made different from the image persistence corre-
sponding to the subscan region, whereby image display suited
for high-speed displacement of the tissue in the region of
interest of the main scan region and low-speed displacement
of the tissue in the subscan region can be produced.

In the embodiments described above, if both the main scan
region and the subscan region are obtained by two-dimen-
sional scanning and the two-dimensional scanning faces are
on the same plane, the probe 1 may be a one-dimensional
array.

While the invention has been described in detail with ref-
erence to the specific embodiments, it will be obvious to those
skilled in the art that various changes and modifications can
be made without departing from the spirit and the scope of the
invention.

This application is based on Japanese Patent Application
(No. 2006-245223) filed on Sep. 11, 2006, which is incorpo-
rated herein by reference.

Industrial Applicability

As described above, the scan region is divided into the
main scan region and the subscan region and the subscan
region is divided into the small regions and main scanning of
the main scan region is performed between subscanning of
one small region and subscanning of another small region,
whereby the ultrasonic diagnostic apparatus according to the
invention has the advantage that main scanning of the main
scan region can be performed between subscanning of one
subscan region and subscanning of another subscan region
and the main scanning of the main scan region of the region of
interest can be continued, and is useful as an ultrasonic diag-
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nostic apparatus for scanning the region of interest at high
speed and other regions at low speed or the like.

The invention claimed is:

1. An ultrasonic diagnostic apparatus, wherein a whole
scan region is divided into a main scan region and a subscan
region, the subscan region is divided into a plurality of small
regions, the main scan region and the subscan region are,
respectively, made up of a two-dimensional scan region or
and a three-dimensional scan region, and each main scan of
the main scan region is performed, in an alternating pattern,
between a subscan of one small region of the subscan region
and a subscan of another small region of the subscan region,

wherein, in the whole scan region made up of the main scan

region and the subscan region, the main scan region is
main-scanned at equal time intervals regardless of where
the main scan region is placed in the whole scan region,
and

wherein the whole scan region spreads to a two-dimen-

sional or three-dimensional region and a plurality of
scan regions exist.

8

2. The ultrasonic diagnostic apparatus as claimed in claim
1 wherein the plurality of scan regions cross each other.

3. The ultrasonic diagnostic apparatus as claimed in any of
claims 1 or 2 wherein the number of irradiation times with a
transmission ultrasonic beam per unit time is made different
between one or more small regions in the subscan region.

4. The ultrasonic diagnostic apparatus as claimed in claim
1 having a scan converter for updating a display image in real
time upon each completion of transmission ultrasonic beam
scanning made up of the main scanning of the main scan
region multiple times and the subscanning of the subscan
region in the whole scan region, wherein the scan converter
can set different persistence in the main scan region and the
subscan region.

5. The ultrasonic diagnostic apparatus as claimed in claim
4 wherein a marker is displayed on a boundary between the
main scan region and the subscan region.
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