US 20100041995A1

a9y United States

12y Patent Application Publication (o) Pub. No.: US 2010/0041995 A1

Fukukita et al,

(43) Pub, Date: Feb. 18, 2010

(54)

(75)

(73)

1)
(22)

(86)

(30)

ULTRASONIC DIAGNOSTIC APPARATUS

Inventors: Hiroshi Fukukita, Tokyo (JP);

Hisashi Akiyama, Kanagawa (JP)

Correspondence Address:

PEARNE & GORDON LLP

1801 EAST 9TH STREET, SUITE 1200
CLEVELAND, OH 44114-3108 (US)

Assigrnee: PANASONIC CORPORATION,

Osaka (IP)
Appl. No.: 12/440,533
PCT Filed: Sep. 10,2007

PCT No.:

§371 (1),
(2), (4) Date:

PCT/IP2007/067612

Mar. 9, 2009

Foreign Application Priority Data

Sep. 11,2006 (JP) .o 2006-245223

Publication Classification

(51) Int.Cl

AGIB 8/14 (2006.01)
(52) USeCl woooooioeooeeeeeeeeeeee 600/447
(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.
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] 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

[0002] As shown in FIGS. 5A and 5B, a conventional ultra-
sonic diagnostic apparatus is configured so as to perform
drive control of a two-dimensional array probe 1 formed by
arranging a plurality of ultrasonic elements two-dimension-
ally so as to intermittently perform three-dimensional scan-
ning of a target with the two-dimensional array probe. In an
interval of three-dimensional scanning T3 performed inter-
mittently, two-dimensional scanning T2 is performed at a
scanning rate higher than the scanning rate at the three-di-
mensional scanning 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).

[0003] 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

[0004] However, in the conventional ultrasonic diagnostic
apparatus, there is a problem in that two-dimensional (main)
scanning cannot be performed while three-dimensional (sub)
scanning is performed.

[0005] 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
scanning in a main scan region while performing subscanning
in a subscan 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

[0006] 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-dimen-
sional 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
subscanning of one small region and subscanning of another
small region.

[0007] According to the configuration, main scanning of
the main scan region can be performed while subscanning of
the subscan 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.

[0008] Theultrasonic 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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[0009] 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.

[0010] Further, the ultrasonic diagnostic apparatus of the
invention has the configuration wherein the scan region
spreads to a two-dimensional or three-dimensional region
and a plurality of scan regions exist.

[0011] 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.

[0012] Further, the ultrasonic diagnostic apparatus of the
invention has the configuration wherein the plurality of scan
regions cross each other.

[0013] According to the configuration, ifa plurality of scan
regions cross each other, the scanning rate of the main scan
region of the region of interest can be increased.

[0014] Further, the ultrasonic diagnostic apparatus of the
invention has the configuration wherein the number of irra-
diation times with a transmission ultrasonic beam per unit
time is made different in the subscan region.

[0015] According to the configuration, the subscanning
rate of the region of comparatively high interest in the subscan
region can be increased.

[0016] Further, the ultrasonic diagnostic apparatus of the
invention has the configuration wherein it has a scan con-
verter 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.

[0017] According to the configuration, the scanning speed
of the transmission ultrasonic beam in the scan region and the
image update speed of a display can be matched with each
other.

[0018] Further, the ultrasonic diagnostic apparatus of the
invention has the configuration a marker is displayed on a
boundary between the main scan region and the subscan
region.

[0019] According to the configuration, the boundary
between the main scan region and the subscan region can be
clearly identified.

Advantages of the Invention

[0020] The invention can provide the ultrasonic diagnostic
apparatus 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 continue 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

[0021] FIG. 1isadrawingto show an outline of scanning of
an ultrasonic diagnostic apparatus in a first embodiment of
the invention and scanning timings.
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[0022] FIG.?2isadrawingto show an outline of scanning of
an ultrasonic diagnostic apparatus in a second embodiment of
the invention, a scan region, and scanning timings.

[0023] FIG. 3 isadrawingto show an outline of scanning of
an ultrasonic diagnostic apparatus in a third embodiment of
the invention and scanning timings.

[0024] FIG. 4is a block diagram of a display section of an
ultrasonic diagnostic apparatus in a fourth embodiment of the
invention and is a drawing to show scanning timings.

[0025] FIG.5isadrawingto show an outline of scanning of
a conventional ultrasonic diagnostic apparatus and scanning
timings.

DESCRIPTION OF REFERENCE NUMERALS

[0026] 1 Two-dimensional array probe
[0027] Am Main scan region
[0028] Asl Small region
[0029] As2 Small region
[0030] As3 Small region
[0031] As4 Small region
[0032] 2 Scan converter
[0033] 3 Display section
[0034] 4 Memory
BEST MODE FOR CARRYING OUT THE
INVENTION
[0035] An ultrasonic diagnostic apparatus of each embodi-

ment of the invention will be discussed below with the accom-
panying drawings:

[0036] FIG. 1A shows an outline of scanning in the ultra-
sonic diagnostic apparatus of a first embodiment of the inven-
tion and FIG. 1B shows scanning timings.

[0037] InFIG.1A,atwo-dimensional array probe1 formed
by arranging a plurality of ultrasonic elements two-dimen-
sionally 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.

[0038] Theoperation of the ultrasonic diagnostic apparatus
configured as described above will be discussed with FIGS.
1A and 1B.

[0039] To begin with, the small region As1 1s 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 Tc1. 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
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to main-scan the main scan region Am ofthe region of interest
at equal intervals during the scan region is scanned.

[0040] 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 small regions Asl, As2, As3, and As4, 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. 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. and if the tissue in the main scan region
displaces on the time base, it becomes easy to keep track of
the time displacement.

[0041] Next, FIG. 2A shows an outline of scanning in an
ultrasonic diagnostic apparatus of a second embodiment of
the invention, FIG. 2B shows scan regions, and FIG. 2C
shows scanning timings.

[0042] 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 Asl 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 s 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 asl is indicated as
ts1, and the subscanning time of the small region as2 is
indicated as ts2.

[0043] Theoperation of the ultrasonic diagnostic apparatus
configured as described above will be discussed with FIGS.
2B and 2C.

[0044] 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 com-
pleted. 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.
Scanning 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
performed 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
intervals.

[0045] As described above, according to the ultrasonic
diagnostic apparatus of the second embodiment of the inven-
tion, a plurality 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 as1 and
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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.

[0046] Next, FIG. 3A shows an outline of scanning in an
ultrasonic diagnostic apparatus of a third embodiment of the
invention and FIG. 3B shows scanning timings.

[0047] InFIG. 3A, ascanregion R1 is divided into a main
scan region Am and a subscan region and the subscan region
is divided into small scan regions As1, As2, and As3. In FIG.
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
As2 isindicated as Ts2, and the subscanning time of the small
region As3 is indicated as Ts3.

[0048] Theoperation of the ultrasonic diagnostic apparatus
configured as described above will be discussed with FIG.
3B.

[0049] 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 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 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
1s performed in a similar manner. Thus, the subscanning rate
of the region of comparatively high interest in the subscan
region can be increased.

[0050] As described above, according to the ultrasonic
diagnostic apparatus of the third embodiment of the inven-
tion, the number of irradiation times with a transmission
ultrasonic beam per unit time is made different in the subscan
region, whereby the subscanning rate of each of the 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.

[0051] 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.

[0052] In FIG. 4A, a reception signal from a two-dimen-
sional 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
displayed 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 As1 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
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Tm, the subscanning time of the small region As1 is indicated
as Tsl, and the subscanning time of the small region As2 is
indicated as Ts2.

[0053] Theoperation of the ultrasonic diagnostic apparatus
configured as described above will be discussed with FIGS.
4A and 4B.

[0054] 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-
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.

[0055] 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 Asl
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. Alternatively, 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 persistence may be given to the subscan
region.

[0056] As described above, according to the ultrasonic
diagnostic apparatus of the fourth embodiment of the inven-
tion, 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 scan region
and the image update speed of the display can be matched
with each other.

[0057] Further, in the ultrasonic diagnostic apparatus of the
invention, the image persistence corresponding to the main
scan region is made different from the image persistence
corresponding 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 displace-
ment of the tissue in the subscan region can be produced.
[0058] In the embodiments described above, if both the
main scan region and the subscan region are obtained by
two-dimensional scanning and the two-dimensional scanning
faces are on the same plane, the probe 1 may be a one-
dimensional array.

[0059] While the invention has been described in detail
with reference to the specific embodiments, it will be obvious
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to those skilled in the art that various changes and modifica-
tions can be made without departing from the spirit and the
scope of the invention.

[0060] This application is based on Japanese Patent Appli-
cation (No. 2006-245223) filed on Sep. 11, 2006, which is
incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[0061] 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 continved, and is useful as an ultrasonic diag-
nostic apparatus for scanning the region of interest at high
speed and other regions at low speed or the like.

1. An ultrasonic diagnostic apparatus, wherein a scan
region is divided into a main scan region and a subscan region
and the subscan region is divided into a plurality of small
regions and the main scan region and the subscan region are
made up of two-dimensional scan regions or three-dimen-
sional scanregions and main scanning of the main scan region
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is performed between subscanning of one small region and
subscanning of another small region.

2. The ultrasonic diagnostic apparatus as claimed in claim
1 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.

3. The ultrasonic diagnostic apparatus as claimed in claim
1 wherein the scan region spreads to a two-dimensional or
three-dimensional region and a plurality of scan regions exist.

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

5. The ultrasonic diagnostic apparatus as claimed in any of
claims 1 to 4 wherein the number of irradiation times with a
transmission ultrasonic beam per unit time is made different
in the subscan region.

6. The ultrasonic diagnostic apparatus as claimed in any of
claims 1 to 5 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 scan region, wherein the scan converter
can set different persistence in the main scan region and the
subscan region.

7. The ultrasonic diagnostic apparatus as claimed in any of
claims 1 to 5 wherein a marker is displayed on a boundary
between the main scan region and the subscan region.
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