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FIG.2
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FIG.10
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FIG.11
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FIG.12
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FIG.14
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ULTRASONIC DIAGNOSTIC APPARATUS
AND PROGRAM

FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to an
ultrasonic diagnostic apparatus and a program for performing
an ultrasonic scan in a three-dimensional (3D) manner by an
operator moving an ultrasonic probe.

BACKGROUND

[0002] In ultrasonic diagnostic apparatuses, ultrasound is
transmitted from an ultrasonic probe to the inside of a subject,
and echo signals reflected from the inside of the subject are
received by the ultrasonic probe. Then, an ultrasonic image
such as a B-mode image is produced based on the received
echo signals and displayed.

[0003] In some of such ultrasonic diagnostic apparatuses,
transmission/reception of ultrasound is performed on a 3D
region to acquire ultrasonic volume data. The volume data is
in some cases acquired by a 3D probe, such as a mechanical
3D probe, and in other cases, an operator changes an angle of
the ultrasonic probe or moves the ultrasonic probe to perform
transmission/reception of ultrasound on a 3D region and
acquire ultrasonic volume data (see Patent Document 1, Japa-
nese Patent No. 4137516, for example).

SUMMARY OF THE INVENTION

[0004] When an operator moves an ultrasonic probe to
acquire ultrasonic volume data as described above, an inex-
perienced operator, among others, is inexpert in an operation
of moving the ultrasonic probe, and may move the ultrasonic
probe too fast or too slow, for example, as compared with a
skilled operator. Moreover, an inexperienced operator may
perform an ultrasonic scan on a region different from that on
which a skilled operator would otherwise perform a scan.
Thus, there is a need for means for supporting an inexperi-
enced operator in case that an operator performs a 3D ultra-
sonic scan by moving an ultrasonic probe.

[0005] The invention in one aspect made for solving the
problem described above is an ultrasonic diagnostic appara-
tus characterized in comprising: an ultrasonic probe for per-
forming transmission/reception of ultrasound on a subject; a
movement detecting section for detecting movement of an
ultrasonic scan plane by said ultrasonic probe; a storage sec-
tion for storing therein information on positions of a plurality
of first scan planes in a first three-dimensional (3D) ultrasonic
scan on said subject; and an image display control section for
displaying in a display section a first image representing
positions of said first scan planes based on said information
on positions stored in said storage section, and displaying in
said display section a second image representing positions of
a plurality of second scan planes formed by performing a
second 3D ultrasonic scan on said subject by an operator
moving said ultrasonic probe, based on detected information
from said movement detecting section, said image display
control section displaying said first and second images so that
said first scan planes and second scan planes have mutually
corresponding positional relationships.

[0006] According to the invention in the aspect described
above, the first and second images are displayed so that the
first scan planes and second scan planes have mutually cor-
responding positional relationships. For example, when
information on positions of the first scan planes at certain
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intervals of time corresponds to ideal movement of the ultra-
sonic probe, and information on positions of the second scan
planes at certain intervals of time is associated with move-
ment of the ultrasonic probe by an inexperienced operator, the
inexperienced operator can learn ideal movement of the ultra-
sonic probe by comparing the first image with the second
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram showing an exemplary
schematic configuration of an ultrasonic diagnostic apparatus
in a first embodiment of the present invention.

[0008] FIG.2is ablockdiagram showing a configuration of
adisplay processing section in the ultrasonic diagnostic appa-
ratus shown in FIG. 1.

[0009] FIG. 3 is a diagram showing a first image displayed
in a display section.

[0010] FIG. 4 is a diagram for explaining a time separation
between first scan planes adjacent to each other.

[0011] FIG. 5is a diagram showing the display section in
which a second image is displayed along with the first image.
[0012] FIG. 6isa diagram for explaining a time separation
between the first scan planes adjacent to each other and that
between second scan planes adjacent to each other.

[0013] FIG. 7 is a diagram showing the display section in
which the first image including a first 3D region image and the
second image including a second 3D region image are dis-
played.

[0014] FIG. 8 is a diagram showing the display section in
which a warning image is displayed.

[0015] FIG. 9 is a diagram showing the display section in
which a guide image is displayed.

[0016] FIG. 10 is a block diagram showing a configuration
of the display processing section in a second variation of the
first embodiment.

[0017] FIG. 11 is a diagram for explaining an example of a
distance between the first and second scan planes in the sec-
ond variation of the first embodiment.

[0018] FIG. 12 is a diagram showing an example of an
overlapping portion of the first and second scan planes when
one of them is projected onto the other in the second variation
of the first embodiment.

[0019] FIG. 13 is a diagram showing the display section in
which a warning image is displayed in the second variation of
the first embodiment.

[0020] FIG. 14 is a block diagram showing a function of a
control section in a third variation of the first embodiment.
[0021] FIG. 15 is a block diagram showing an exemplary
schematic configuration of an ultrasonic diagnostic apparatus
in a second embodiment of the present invention.

[0022] FIG. 16 is a block diagram showing a configuration
of a display processing section in the ultrasonic diagnostic
apparatus shown in FIG. 15.

[0023] FIG. 17 is a block diagram showing an exemplary
schematic configuration of an ultrasonic diagnostic apparatus
in a third embodiment of the present invention.

[0024] FIG. 18 is a diagram showing the display section in
which velocity variation images are displayed along with the
first and second images.

[0025] FIG. 19 is an enlarged view of the velocity variation
images shown in FIG. 18.

[0026] FIG. 20 is a diagram for explaining movement of an
ultrasonic probe.
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[0027] FIG. 21 is a diagram showing the velocity variation
images including numeric values.

DETAILED DESCRIPTION

[0028] Now embodiments of the present invention will be
described with reference to the accompanying drawings.

First Embodiment

[0029] To begin with, a first embodiment will be described.
An ultrasonic diagnostic apparatus 1 shown in FIG. 1 com-
prises an ultrasonic probe 2, a transmission/reception (T/R)
beamformer 3, an echo data processing section 4, a display
processing section 5, a display section 6, an operating section
7, a control section 8, and a storage section 9.

[0030] The ultrasonic probe 2 is configured to comprise a
plurality of ultrasonic vibrators (not shown) arranged in an
array, and ultrasound is transmitted to a subject and echo
signals thereof are received by the ultrasonic vibrators.
[0031] The ultrasonic probe 2 is provided with a magnetic
sensor 10 comprised of a Hall element, for example. By the
magnetic sensor 10, magnetism generated from a magnetism
generating section 11 comprised of a magnetism-generating
coil, for example, is detected. A detection signal from the
magnetic sensor 10 is input to the display processing section
5. The detection signal from the magnetic sensor 10 may be
input to the display processing section 5 via a cable, which is
not shown, or wirelessly input to the display processing sec-
tion 5. The magnetism generating section 11 and magnetic
sensor 10 are provided for detecting a position of the ultra-
sonic probe 2 (including a tilt of the ultrasonic probe 2), as
described later. The magnetic sensor 10 represents an exem-
plary embodiment of the magnetism detecting section in the
present invention. The magnetism generating section 11 rep-
resents an exemplary embodiment of the magnetism gener-
ating section in the present invention.

[0032] TheT/R beamformer 3 supplies an electric signal to
the ultrasonic probe 2 for transmitting ultrasound from the
ultrasonic probe 2 with specified scan conditions based on a
control signal from the control section 8. The T/R beam-
former 3 also applies signal processing such as A/D conver-
sion and phased addition processing to echo signals received
by the ultrasonic probe 2, and outputs echo data after the
signal processing to the echo data processing section 4.
[0033] The echo data processing section 4 applies process-
ing for producing an ultrasonic image to the echo data output
from the T/R beamformer 3. For example, the echo data
processing section 4 applies B-mode processing such as loga-
rithmic compression processing and envelope detection pro-
cessing, and creates B-mode data.

[0034] The display processing section 5 comprises a posi-
tion identifying section 51, an ultrasonic image data creating
section 52, and an image display control section 53, as shown
in FIG. 2. The position identifying section 51 calculates infor-
mation on a position of the ultrasonic probe 2 (which will be
referred to hereinbelow as “information on a probe position™)
in a 3D space coordinate system whose origin lies at the
magnetism generating section 11 based on a magnetism
detection signal from the magnetic sensor 10. Further, the
position identifying section 51 calculates information on a
position of an echo signal in the 3D space coordinate system
based on the information on a probe position. The calculation
of the information on a position enables information on posi-
tions of ultrasonic scan planes by the ultrasonic probe 2 to be
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identified in the 3D space coordinate system. The magnetic
sensor 10 represents an exemplary embodiment of the mag-
netism detecting section in the present invention. The mag-
netism generating section 11 represents an exemplary
embodiment of the magnetism generating section in the
present invention. The position identifying section 51 repre-
sents an exemplary embodiment of the position identifying
section in the present invention. The 3D space coordinate
system whose origin lies at the magnetism generating section
11 represents an exemplary embodiment of the coordinate
system whose origin lies at a specified point in the present
invention.

[0035] The ultrasonic image data creating section 52 scan-
converts the data supplied from the echo data processing
section 4 by a scan converter to create ultrasonic image data.
For example, the ultrasonic image data creating section 52
scan-converts B-mode data to create B-mode image data. The
data before the scan conversion by the scan converter is some-
times referred to as raw data.

[0036] The image display control section 53 displays an
ultrasonic image in the display section 6 based on the ultra-
sonic image data. The ultrasonic image is a B-mode image,
for example, based on the B-mode image data.

[0037] Theimage display control section 53 also displays a
first image G1 representing positions of first scan planes SP1
at certain intervals of time in the display section 6, as shown
in FIGS. 3, 5, etc. which will be described later. The image
display control section 53 moreover displays a second image
G2 in the display section 6 representing positions of second
scan ultrasonic planes SP2 at certain intervals of time, the
second scan plane having its position changing associated
with movement of the ultrasonic probe 2 in a 3D region.
Details thereof will be discussed later. The 3D region is a
region in a 3D space coordinate system whose origin lies at
the magnetism generating section 11. The image display con-
trol section 53 represents an exemplary embodiment of the
image display control section in the present invention.
[0038] The display section 6 is an L.CD (Liquid Crystal
Display), a CRT (Cathode Ray Tube), or the like. The oper-
ating section 7 is configured to comprise a keyboard for
allowing an operator to input a command and/or information,
a pointing device, and the like (not shown).

[0039] The control section 8 is a processor such as a CPU
(Central Processing Unit). The control section 8 loads thereon
aprogram stored in the storage section 9 and controls several
sections in the ultrasonic diagnostic apparatus 1. For
example, the control section 8 loads thereon a program stored
in the storage section 9 and executes functions of the T/R
beamformer 3, echo data processing section 4, and display
processing section 5 by the loaded program.

[0040] The control section 8 may execute all of the func-
tions of the T/R beamformer 3, all of the functions ofthe echo
data processing section 4, and all of the functions of the
display processing section 5 by the program, or execute only
some of the functions by the program. In case that the control
section 8 executes only some of the functions, the remaining
functions may be executed by hardware such as circuitry.
[0041] It should be noted that the functions of the T/R
beamformer 3, echo data processing section 4, and display
processing section 5 may be implemented by hardware such
as circuitry.

[0042] The storage section 9 is an HDD (Hard Disk Drive),
and/or a semiconductor memory such as a RAM (Random
Access Memory) and/or a ROM (Read-Only Memory). In
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addition to the control program, the storage section 9 stores
therein the information on positions of the first scan planes
SP1 at certain intervals of time. The information on positions
of the first scan planes at certain intervals of time may be
information on positions in the 3D space coordinate system
whose origin lies at the magnetism generating section 11, or
information on relative positions identifying a positional rela-
tionship among a plurality of the first scan planes with one
another.

[0043] Now an operation of the ultrasonic diagnostic appa-
ratus 1 in the present embodiment will be described below.
First, a skilled operator performs an ultrasonic scan on a
specified region in a subject P by the ultrasonic probe 2. The
skilled operator will be referred to hereinbelow as first opera-
tor OP1. The first operator OP1 moves the ultrasonic probe 2
to perform an ultrasonic scan for a plurality of scan planes in
a3D region. The scan planes by the first operator OP1 will be
referred to hereinbelow as first scan planes SP1. The ultra-
sonic scan by the first operator OP1 will be referred to here-
inbelow as first 3D ultrasonic scan.

[0044] Data based on echo signals acquired by the ultra-
sonic probe 2 is stored in the storage section 9. The data stored
in the storage section 9 may be raw data or ultrasonic image
data. In addition to the data based on echo signals, the storage
section 9 stores therein information on a position of the data
based on echo signals. The information on a position is that
obtained by the position identifying section 51, which is
information on a position in a 3D space coordinate system
whose origin lies at the magnetism generating section 11. The
information on a position is stored along with information on
a time regarding an acquisition time for the echo signals.
Thus, information on positions of a plurality of first scan
planes SP1 in the 3D region at certain intervals of time is
stored.

[0045] Next, an inexperienced operator performs transmis-
sion/reception of ultrasound on the same region in the subject
P as that on which the first operator OP1 has performed
transmission/reception of ultrasound. The inexperienced
operator will be referred to hereinbelow as second operator
OP2.

[0046] Specifically, the second operator OP2 first performs
transmission/reception of ultrasound by the ultrasonic probe
2 for the same plane in the subject P as a scan plane SP1 for
which the first operator OP1 started transmission/reception of
ultrasound. The second operator OP2 decides whether the
plane is identical or not while observing a real-time B-mode
image based on echo signals obtained at the ultrasonic probe
2, for example.

[0047] After the plane is decided to be identical, the second
operator OP2 starts transmission/reception of ultrasound fora
plurality of scan planes in a 3D region while moving the
ultrasonic probe 2. Before starting transmission/reception of
ultrasound for the 3D region, the second operator OP2 presses
a start button at the operating section 7. Upon pressing of the
start button, the image display control section 53 displays a
first image G1 representing positions of the first scan planes
SP1 at certain intervals of time t in the display section 6, as
shown in FIG. 3. The first image G1 includes first outlines
OL1 representing outlines of the first scan planes SP1.
[0048] In FIG. 3, four first scan planes SP1A-SP1D are
shown as the first scan planes SP1. A first scan plane SP1A is
a plane for which the first operator OP1 started an ultrasonic
scan. The first scan plane SP1A represents an exemplary
embodiment of the first scan-start plane in the present inven-

Dec. 31, 2015

tion. As shown in FIG. 4, a time separation between the first
scan planes SP1 adjacent to each other is the certain petiod of
time t.

[0049] The image display control section 53 displays the
first scan planes SP1A-SP1D so that they have a positional
relationship identified by the information on positions of the
first scan planes SP1 at certain intervals of time t stored in the
storage section 9.

[0050] Once the first image G1 has been displayed, the
second operator OP2 performs transmission/reception of
ultrasound for a plurality of scan planes in the 3D region
while moving the ultrasonic probe 2. The scan planes by the
second operator OP2 will be referred to hereinbelow as sec-
ond scan planes SP2. The ultrasonic scan by the second opera-
tor OP2 will be referred to hereinbelow as second 3D ultra-
sonic scan.

[0051] Theimage display control section 53 displays in the
display section 6 asecond image G2 representing positions of
the second scan planes SP2 at certain intervals of time t, the
second scan plane having its position changing associated
with movement of the ultrasonic probe 2, as shown in FIG. 5.
The image display control section 33 displays the second
image G2 based on information on positions of the scan
planes identified by the position identifying section 51. The
second image G2 includes second outlines OL2 representing
outlines of the second scan planes SP2. The second outlines
OL2 may bedisplayed in a color different from that of the first
outlines OL1. While the first outlines OL1 are represented in
dashed lines in the drawings, they may be represented in solid
lines.

[0052] InFIG. 5, four second scan planes SP2A-SP2D are
shown as the second scan planes SP2. A second scan plane
SP2A is a plane for which the second operator OP2 started an
ultrasonic scan. The second scan plane SP2A represents an
exemplary embodiment of the second scan-start plane in the
present invention. The image display control section 53 dis-
plays the first image G1 and second image G2 so that the first
scan planes SP1 and second scan planes SP2 at certain inter-
vals of time t have mutually corresponding positional rela-
tionships. In particular, a pair of the first scan plane SP1A and
second scan plane SP2A, a pair of the first scan plane SP1B
and second scan plane SP2B, a pair of the first scan plane
SP1C and second scan plane SP2C, and a pair of the first scan
plane SP1D and second scan plane SP2D each represent scan
planes at an identical time. Referring to FIG. 6, a time sepa-
ration between first scan planes SP1 adjacent to each other is
a certain period of time t, and a time separation between
second scan planes SP2 adjacent to each other is the certain
period of time t.

[0053] It should be noted that the position of the subject P
may be changed or unchanged from a time of the transmis-
sion/reception of ultrasound by the first operator OP1 to a
time of the transmission/reception of ultrasound by the sec-
ond operator OP2. In case that the position of the subject P is
unchanged, an identical portion in the subject P is located at
the same coordinates in the coordinate system whose origin
lies at the magnetism generating section 11 both in the infor-
mation on positions of the first scan planes SP1 stored in the
storage section 9 and real-time information on positions of
the second scan planes SP2 identified by the position identi-
fying section 51. Therefore, the image display control section
53 displays the first image G1 and second image G2 based on
the positions of the first scan planes SP1 and second scan
planes SP2 identified in the coordinate system whose origin
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lies at the magnetism generating section 11 according to the
information on positions stored in the storage section 9 and
that obtained by the position identifying section 51. Thus, the
first scan planes SP1 and second scan planes SP2 can be
displayed so that they have mutually corresponding posi-
tional relationships.

[0054] On the other hand, even when the position of the
subject P has changed, the image display control section 53
can display the first scan planes SP1 and second scan planes
SP2 so that they have mutually corresponding positional rela-
tionships. In particular, based on the information on positions
stored in the storage section 9, a relative positional relation-
ship among a plurality of the first scan planes SP1 can be
identified. Moreover, based on the information on positions
of the second scan planes SP2 identified by the position
identifying section 51, a relative positional relationship
among a plurality of the second scan plane SP2 can be iden-
tified.

[0055] Therefore, for example, when the position of the
first scan plane SP1A, which is the scan-start plane among a
plurality of the first scan planes SP1, and the position of the
second scan plane SP2A, which is the scan-start plane among
a plurality of the second scan planes SP2, are identical in the
subject, the image display control section 53 displays the first
scan planes SP1 and second scan planes SP2 based on the
information on positions stored in the storage section 9 and
information on positions identified by the position identifying
section 51, whereby it can display the first scan planes SP1
and second scan planes SP2 so that they have mutually cor-
responding positional relationships.

[0056] More particularly, the image display control section
53 displays the first scan plane SP1A and second scan plane
SP2A at the same positions in the display section 6. More-
over, the image display control section 53 displays the first
scan planes SP1B, SP1C, SP other than the first scan plane
SP1A in the display section 6 based on a relative positional
relationship among the first scan planes SP1A-SP1D identi-
fied from the information on positions stored in the storage
section 9. The image display control section 53 also displays
the second scan planes SP2B, SP2C, SP2D other than the
second scan plane SP2A in the display section 6 based on a
relative positional relationship among the second scan planes
SP2A-SP2D identified from the information on positions
obtained by the position identifying section 51. Thus, the first
scan planes SP1 and second scan planes SP2 can be displayed
so that they have mutually corresponding positional relation-
ships.

[0057] In FIGS.5 and 6, among the first scan planes SP1
and second scan planes SP2 at respective identical times, a
pair of the first scan plane SP1A and second scan plane SP2A,
and a pair of the first scan plane SP1D and the second scan
plane SP2D each lie at an identical position; however, the
other pairs of the first scan planes SP1 and second scan planes
SP2 lie different positions. This means that movement of the
ultrasonic probe 2 by the first operator OP1 is different from
that by the second operator OP2. In particular, the first opera-
tor OP1 moves the ultrasonic probe 2 at a constant speed
because separations for the first scan planes SP1A-SP1D are
equal.

[0058] On the other hand. separations for the second scan
planes SP2A-SP2D are notequal. The separation between the
second scan plane SP2A and second scan plane SP2B is
smallest as compared with the others, and the separation
becomes larger in sequence: the separation between the sec-
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ond scan plane SP2B and second scan plane SP2C, and next,
the separation between the second scan plane SP2C and sec-
ond scan plane SP2D. This implies that the second operator
OP2 cannot move the ultrasonic probe 2 at a constant speed
vet, and the speed of movement gradually increases.

[0059] Thus, according to the present embodiment, by dis-
playing the first image G1 and second image G2, an inexpe-
rienced operator can compare movement of the ultrasonic
probe 2 by him/herself with that by a skilled operator to learn
ideal movement of the ultrasonic probe 2. Therefore, the
inexperienced operator can achieve the same or generally the
same movement of the ultrasonic probe 2 as that by the skilled
operator by repeatedly performing transmission/reception of
ultrasound until the second scan planes SP2 match or gener-
ally match the first scan planes SP1 at corresponding times in
the first image G1 and second image G2.

[0060] Itshould be noted that in case that an ultrasonic scan
is performed for a different region after an ultrasonic scan is
performed for a specified region in the subject P, an ultrasonic
scan by the second operator OP2 is performed after an ultra-
sonic scan by the first operator OP1 has been performed again
in a similar manner to that described above.

[0061] Next, a variation of the first embodiment will be
described below. A first variation will be described first. The
image display control section 53 may display a first 3D region
image RE1 as part of the first image G1, as shown in FIG. 7.
The first 3D region image RE1 is a line representing an
outline of a region for the first 3D ultrasonic scan by the first
operator OP1 (indicated by a dashed line in FIG. 7). The
image display control section 53 displays the first 3D region
image RE1based on the information on positions stored in the
storage section 9 (information on positions of data based on
echo signals obtained by the first operator OP1).

[0062] The image display control section 53 may also dis-
play a second 3D region image RE2 as part of the second
image G2. The second 3D region image RE2 is a line repre-
senting an outline of a region for the second 3D ultrasonic
scan by the second operator OP2 (indicated by a solid line in
FIG. 7). The image display control section 53 displays the
image of the second 3D region RE2 based on the information
on positions obtained by the position identifying section 51.
[0063] In FIG. 7, the region for the ultrasonic scan by the
second operator OP2 ranges from the second scan plane
SP2A to the second scan plane SP2D. The region scanned by
the second operator OP2 ranging from the second scan plane
SP2A to the second scan plane SP2D will be referred to
hereinbelow as second 3D region.

[0064] On the other hand, the region for the ultrasonic scan
by the first operator OP1 is a region ranging from the first scan
plane SP1A to the first scan plane SP1D. The region scanned
by the first operator OP1 ranging from the first scan plane
SP1A to the first scan plane SP1D will be referred to herein-
below as first 3D region.

[0065] In FIG. 7, the second 3D region is smaller than the
first 3D region, and an unscanned region X where no ultra-
sonic scan is performed by the second operator OP2 exists in
the first 3D region. In this case, as shown in FIG. 8, the image
display control section 53 may display a warning image AL in
the display section 6. The warning image AL is comprised of
characters indicating the region for the ultrasonic scan by the
second operator OP2 is insufficient relative to the region for
the ultrasonic scan by the first operator OP1 and the
unscanned region X is left. However, the warning image AL is
merely an example and it is not limited to the image com-
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prised of characters shown in FIG. 8. The display section 6 in
whichthe warning image AL is displayed represents an exem-
plary embodiment of the warning notifying section in the
present invention.

[0066] Itshouldbe noted that sound, in place of the warning
image AL, may be output from a speaker in the ultrasonic
diagnostic apparatus 1.

[0067] Moreover, when an unscanned region X exists as
described above, the image display control section 53 may
display a guide image GD in the display section 6, as shown
in FIG. 9. The guide image GD is an image of an arrow for
guiding the second operator OP2 to an ultrasonic scan by the
ultrasonic probe 2 on the unscanned region X. The arrow of
the guide image GD indicates a direction in which the ultra-
sonic probe 2 is to be moved.

[0068] The guide image GD may be displayed along with
the warning image AL.

[0069] Next, a second variation will be described below.
The display processing section 5 comprises an evaluating
section 54, in addition to the position identifying section 51,
ultrasonic image data creating section 52, and image display
control section 53, as shown in FIG. 10. The evaluating sec-
tion 54 evaluates movement ofthe ultrasonic probe 2 based on
a positional relationship between a first scan plane SP1 and a
second scan plane SP2 corresponding in time to each other.
The evaluating section 54 represents an exemplary embodi-
ment of the evaluating section in the present invention.
[0070] The evaluating section 54 will now be described in
more detail. The positional relationship between a first scan
plane SP1 and a second scan plane SP2 corresponding in time
to each other described above is a distance between the first
scan plane SP1 and second scan plane SP2 corresponding in
time to each other. The positional relationship may also be a
degree of overlapping between the first scan plane SP1 and
second scan plane SP2 corresponding in time to each other
when one of them is projected onto the other.

[0071] The evaluating section 54 calculates a distance D
between the first scan plane SP1 and second scan plane SP2
corresponding in time to each other. The distance D may be a
shortest distance between the first scan plane SP1 and second
scan plane SP2 corresponding in time to each other. The
distance D is calculated based on the information on positions
stored in the storage section 9 and information on positions
obtained by the position identifying section 51. In particular,
the evaluating section 54 calculates a distance between the
first scan plane SP1A and second scan plane SP2A, adistance
between the first scan plane SP1B and second scan plane
SP2B. a distance between the first scan plane SP1C and
second scan plane SP2C, and a distance between the first scan
plane SP1D and second scan plane SP2D. Referring to FIG.
11, the distance between the first scan plane SP1A and second
scan plane SP2A, and the distance between the first scan
plane SP1D and second scan plane SP2D are zero. The dis-
tance between the first scan plane SP1B and second scan
plane SP2B is db, and the distance between the first scan
plane SP1C and second scan plane SP2C is dc.

[0072] Alternatively, the evaluating section 54 calculates
an area S of an overlapping portion of the first scan plane SP1
and second scan plane SP2 corresponding in time to each
other. In particular, the evaluating section 54 calculates an
area S of an overlapping portion of the first scan plane SP1A
and second scan plane SP2A, an area S of an overlapping
portion of the first scan plane SP1B and second scan plane
SP2B. an area S of an overlapping portion of the first scan
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plane SP and second scan plane SP2C, and an area S of an
overlapping portion of the first scan plane SP1D and second
scan plane SP2D. Referring to FIG. 12, an overlapping por-
tion PP (hatched portion) of the first scan plane SP1B and
second scan plane SP2B is shown. The evaluating section 54
calculates an area S of the overlapping portion PP.

[0073] Itshouldbenoted thatin case that the first scan plane
SP1 and second scan plane SP2 corresponding in time to each
other are not coplanar, the evaluating section 54 calculates an
area S' of an overlapping portion of the first scan plane SP1
and second scan plane SP2 by projecting one of them onto the
other.

[0074] The evaluating section 54 identifies a number N of
scan planes for which the distance D is greater than a specified
threshold Dth or the area S is smaller than a specified thresh-
old Sth. The threshold Dth is set to a value such that a distance
between the first scan plane SP1 and second scan plane SP2
corresponding in time to each other is not too large and it is
certain that the ultrasonic scan by the second operator OP2 is
performed by generally ideal movement of the ultrasonic
probe 2. The threshold Sth is set to a value such that a shift
between the first scan plane SP1 and second scan plane SP2
corresponding in time to each other in an in-plane direction is
not too large and it is certain that the position of the ultrasonic
scan by the second operator OP2 is generally the same posi-
tion as that of the ultrasonic scan by the first operator OP1.
[0075] Theevaluating section 54 decides whether the iden-
tified number N of the scan planes is equal to or greater than
a specified threshold Nth or not. The threshold Nth is set to a
value such that the velocity of movement of a scan plane or a
scanned position in the second 3D ultrasonic scan by the
second operator OP2 is different from that in the first 3D
ultrasonic scan by the first operator OP1 and it is certain that
the scan should be performed again.

[0076] When the number N of the scan planes is decided to
be equal to or greater than The threshold Nth by the evaluating
section 54, the image display control section 53 displays a
warning image AL' in the display section 6, as shown in FIG.
13. The warning image AL' is comprised of characters direct-
ing the second operator OP2 to perform the ultrasonic scan
again because movement of the ultrasonic probe 2 by the
second operator OP2 is not ideal. However, the warning
image AL'is merely an example and any means for informing
the second operator OP2 of the fact that movement of the
ultrasonic probe 2 by him/her is not ideal will work. The
display section 6 in which the warning image AL' is displayed
represents an exemplary embodiment of the notifying section
for notifying a result of evaluation by the evaluating section in
the present invention.

[0077] Next, a third variation will be described below. The
first scan planes SP1 may be defined without an ultrasonic
scan performed by the first operator OP1. In this case, in place
of an ultrasonic scan by the first operator OP1, for example,
definition of the first scan planes SP1 may be performed at the
ultrasonic diagnostic apparatus 1 or an apparatus such as a
workstation separate from ultrasonic diagnostic apparatus 1.
[0078] A caseinwhich definition ofthe first scan plane SP1
is performed at the ultrasonic diagnostic apparatus 1 will be
exemplarily described below. As shown in FIG. 14, the con-
trol section 8 executes a function of a scan plane defining
section 81 by a program.

[0079] An operator makes an input at the operating section
7 for defining a 3D region for which an ultrasonic scan is to be
performed. For example, an image representing an outline of
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the 3D region may be displayed in the display section 6, and
the 3D region may be defined by the operator making an input
for adjusting the image at the operating section 7. The 3D
region is a region for which an imaginary first 3D ultrasonic
scan is performed by a skilled operator. Once the imaginary
3D region has been thus defined, the scan plane defining
section 81 defines first scan planes SP1 in the 3D region. For
example, the first scan planes SP1 are defined at specified and
equal intervals, as in the case in which the ultrasonic probe 2
is moved by a skilled operator.

[0080] The information on positions of the first scan planes
SP1 defined by the scan plane defining section 81 is stored in
the storage section 9. The information on positions of the first
scan planes SP1 is information on a relative positional rela-
tionship among the first scan planes SP1.

[0081] When the first image G1 is displayed based on the
information on positions thus stored in the storage section 9,
the image display control section 53 displays the first scan
plane SP1A and second scan plane SP2A at the same posi-
tions in the display section 6. The image display control
section 53 also displays the other first scan plane SP1B,
SPIC. SP1D based on the relative positional relationship
among the first scan planes SP1A-SP1D identified from the
information on positions stored in the storage section 9, and
displays the other second scan planes SP2B, SP2C, SP2D
based on the relative positional relationship among the sec-
ond scan planes SP2A-SP2D identified from the information
on positions obtained at the position identifying section 51.

Second Embodiment

[0082] Next, a second embodiment will be described
below. It should be noted that similar components to those in
the first embodiment are designated by similar symbols and
explanation thereof will be omitted.

[0083] Anultrasonic diagnostic apparatus 20 in the present
embodiment has the ultrasonic probe 2 provided with an
acceleration sensor 21, as shown in FIG. 15. The acceleration
sensor 21 may be provided in the inside of a housing, for
example, constituting the ultrasonic probe 2. Detection sig-
nals from the acceleration sensor 21 are input to the display
processing section 5. The acceleration sensor 21 represents an
exemplary embodiment of the acceleration sensor in the
present invention.

[0084] In the present embodiment, the display processing
section 5 has a movement calculating section 55 in place of
the position identifying section 51, as shown in FIG. 16. The
movement calculating section 55 represents an exemplary
embodiment of the movement calculating section in the
present invention.

[0085] The movement calculating section 55 calculates
movement of the ultrasonic probe 2 based on the detection
signals from the acceleration sensor 21. In particular, the
movement calculating section 55 calculates a movement dis-
tance and/or a movement direction of the ultrasonic probe 2.
In case that a positional relationship between the acceleration
sensor 21 and an ultrasonic scan plane is identified before-
hand, calculation of movement of the ultrasonic probe 2
causes movement of the ultrasonic scan plane to be calcu-
lated. Thus, positions of the ultrasonic scan planes at certain
intervals of time are identified.

[0086] In the present embodiment, the image display con-
trol section 53 displays the second image G2 based on the
information on movement of the scan plane calculated by the
movement calculating section 55. In the present embodiment,
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again, the position of the first scan plane SP1A, which is the
scan-start plane among a plurality of the first scan planes SP1,
and that of the second scan plane SP2A, which is the scan-
start plane among a plurality of the second scan planes SP2,
are assumed to be identical in the subject. The image display
control section 53 displays the first scan plane SP1A and
second scan plane SP2A at the same positions in the display
section 6. The image display control section 53 also displays
the other first scan planes SP1B, SP1C, SP1D based on a
relative positional relationship among the first scan planes
SP1A-SP1D identified from the information on positions
stored in the storage section 9, and displays the other second
scan planes SP2B, SP2C, SP2D based on a relative positional
relationship among the second scan planes SP2A-SP2D iden-
tified from the information on positions obtained by the
movement calculating section 51.

[0087] According to the present embodiment described
above, similarly to the first embodiment, the first scan planes
SP1 and second scan planes SP2 are displayed so that they
have mutually corresponding positional relationships, and
therefore, a similar effect to that in the first embodiment can
be obtained.

[0088] Itshould be noted that the present embodiment may
be practiced with several modifications as in the variations of
the first embodiment.

Third Embodiment

[0089] Next, athird embodiment will be described below. It
should be noted that similar components to those in the first
and second embodiments are designated by similar symbols
and explanation thereof will be omitted.

[0090] An ultrasonic diagnostic apparatus 30 in the present
embodiment has the ultrasonic probe 2 provided with a light
emitting section 31, as shown in FIG. 17. The light emitting
section 31 emits light having a wavelength of visible light or
of non-visible light such as infrared rays. The light emitting
section 31 may be provided on a surface of a housing, for
example, constituting the ultrasonic probe 2. The light emit-
ting section 31 represents an exemplary embodiment of the
light emitting section in the present invention.

[0091] Light from the light emitting section 31 is detected
by a camera 32. Detection signals from the camera 32 are
input to the display processing section 5. The camera 31
represents an exemplary embodiment of the light detecting
section in the present invention.

[0092] In the present embodiment, again, the display pro-
cessing section 5 has the movement calculating section 55. In
the present embodiment, the movement calculating section
55 calculates a movement distance and/or a movement direc-
tion of the ultrasonic probe 2 based on the detection signals
from the camera 32. In particular, the movement calculating
section 55 calculates the movement distance and/or move-
ment direction of the ultrasonic probe 2 according to move-
ment of light emitted from the surface of the ultrasonic probe
2.

[0093] In the present embodiment, the first image G1 and
second image G2 are displayed in a similar manner to that in
the second embodiment. Therefore, a similar effect to that in
the first and second embodiments can be obtained by the
present embodiment.

[0094] Itshould be noted that the present embodiment may
also be practiced with several modifications as in the varia-
tions of the first embodiment.
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[0095] While the present invention has been described with
reference to the embodiments, it will be easily recognized that
the present invention may be practiced with several modifi-
cations without departing from the spirit and scope thereof.
For example, when an ultrasonic scan plane by the second
operator OP2 is not included in the first 3D region comprised
of a plurality of the first scan planes SP1, the display image
control section 53 may display a warning image comprised of
characters to that effect in the display section 6. In this case,
the display image control section 53 displays the warning
image in the display section 6 based on information on posi-
tions in the storage section 9 and information on positions
obtained by the position identifying section 51 or movement
calculating section 55. However, this applies only to a case in
which the position of the subject P is unchanged between a
first 3D ultrasonic scan by the first operator OP1 and a second
3D ultrasonic scan by the second operator OP2, or a case in
which the position of the first scan plane SP1A, which is the
scan-start plane among a plurality of the first scan planes SP1,
and that of the second scan plane SP2A, which is the scan-
start plane among a plurality of the second scan planes SP2,
are identical in the subject.

[0096] Moreover, the movement calculating section 55
may calculate a distance between different scan planes based
on a correlation between ultrasonic images in different ultra-
sonic scan planes, instead of the calculation of movement of
the ultrasonic probe 2 based on the detection signals from the
acceleration sensor 21 or camera 32. Unlike the embodiments
described above, this applies only to a case in which a 3D
ultrasonic scan is performed while the ultrasonic probe 2 is
translated.

[0097] Furthermore, the image display control section 53
may display velocity variation images GV representing a
temporal change of the velocity of movement of the ultra-
sonic probe 2 in the display section 6, as shown in FIG. 18.
The velocity variation images GV are displayed along with
the first image G1 and second image G2. The velocity varia-
tion images GV include a first velocity variation image GV1,
a second velocity variation image GV2, and a third velocity
variation image GV3. The first velocity variation image GV1,
second velocity variation image GV2, and third velocity
variation image GV 3 each have a horizontal axis of time t and
avertical axis of velocity v, as shown in FIG. 19 in an enlarged
View.

[0098] The velocity variation images GV represent a tem-
poral change of the velocity of movement of the ultrasonic
probe 2 when it moves in a Y-axis direction on a plane of
abutment on the subject to form a plurality of scan planes in
the Y-axis direction, as shown in FIG. 20. The movement of
the ultrasonic probe 2 as shown in FIG. 20 gives a plurality of
scan planes parallel to one another. Therefore, in the first
image G1 and second image G2, each of a plurality of scan
planes SP1 and each of a plurality of scan planes SP2 are
displayed to be in parallel to each other.

[0099] The first velocity variation image GV1 shows a tem-
poral change of the velocity of movement of the ultrasonic
probe 2 in the Y-axis direction. The second velocity variation
image GV2 shows a temporal change of the velocity of move-
ment of the ultrasonic probe 2 in an X-axis direction. The
third velocity variation image GV3 shows a temporal change
of the velocity of movement of the ultrasonic probe 2 in a
7-axis direction.

[0100] The X-axis direction is an azimuthal direction of the
ultrasonic probe 2. The Y-axis direction is an elevational
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direction of the ultrasonic probe 2. The Z-axis direction is a
direction in which ultrasound is transmitted.

[0101] The first velocity variation image GV1 includes a
first graph grl. The second velocity variation image GV2
includes a second graph gr2. The third velocity variation
image GV3 includes a third graph gr3. The first graph grl,
second graph gr2, and third graph gr3 represent a temporal
change of the velocity of movement of the ultrasonic probe 2
when the second operator OP2 is moving the ultrasonic probe
2, for example.

[0102] The first velocity variationimage GV1 alsoincludes
a straight line 1, represented by a dashed line, in a horizontal
direction. The straight line 1 represents a temporal change of
the velocity of ideal movement of the ultrasonic probe 2 by a
skilled operator. In the second velocity variation image GV2,
the horizontal axis representing a velocity of zero represents
ideal movement of the ultrasonic probe 2 by the skilled opera-
tor without wobble of the ultrasonic probe 2 in the X-axis
direction. In the third velocity variation image GV3, the hori-
zontal axis representing a velocity of zero represents ideal
movement of the ultrasonic probe 2 by the skilled operator
without movement of the ultrasonic probe 2 in the Z-axis
direction.

[0103] However, no straight line 1 may be displayed. More-
over, no first images G1 may be displayed.

[0104] The velocity variation images GV may include
numeric values indicating the velocity of movement of the
ultrasonic probe 2. For example, the velocity variation images
GV shown in FIG. 21 include numeric values F indicating the
velocity of the ultrasonic probe 2 in the Y-axis direction. The
numeric values F are a numeric value F1 (in a field of “Cur”
in FIG. 21) indicating a current velocity of the ultrasonic
probe 2, a numeric value F2 (in a field of “Max” in FIG. 21)
indicating a maximum velocity of the ultrasonic probe 2 from
the start of the movement of the ultrasonic probe 2 to the
present, a numeric value F3 (in a field of “Min” in FIG. 21)
indicating a minimum velocity of the ultrasonic probe 2 from
the start of the movement of the ultrasonic probe 2 to the
present, and anumeric value F4 (in a field of “Ave” in FIG. 21)
indicating an average velocity of the ultrasonic probe 2 from
the start of the movement of the ultrasonic probe 2 to the
present. The velocities of the ultrasonic probe 2 in the X- and
Z-axis directions may be displayed in numeric values.
[0105] By thus displaying the first velocity variation image
GV1, second velocity variation image GV2, and third veloc-
ity variation image GV3, an inexperienced operator can move
the ultrasonic probe 2 like a skilled operator by moving the
ultrasonic probe 2 so that the first graph grl aligns with the
straight line 1, the second graph gr2 aligns with the horizontal
axis, and the third graph gr3 aligns with the horizontal axis.

DESCRIPTION OF REFERENCE SYMBOLS

[0106] 1. 20, 30 Ultrasonic diagnostic apparatus
[0107] 2 Ultrasonic probe

[0108] 6 Display section

[0109] 9 Storage section

[0110] 10 Magnetic sensor

[0111] 11 Magnetism generating section
[0112] 21 Acceleration sensor

[0113] 31 Light emitting section

[0114] 32 Camera

[0115] 51 Position identifying section
[0116] 53 Image display control section
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[0117]
[0118]

What is claimed is:

1. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe for performing transmission/reception
of ultrasound on a subject;

a movement detecting section for detecting movement of
an ultrasonic scan plane by said ultrasonic probe;

a storage section for storing therein information on posi-
tions of a plurality of first scan planes in a first three-
dimensional (3D) ultrasonic scan on said subject; and

an image display control section for displaying in a display
section a first image representing positions of said first
scan planes based on said information on positions
stored in said storage section, and displaying in said
display section, based on detected information from said
movement detecting section, a second image represent-
ing positions of a plurality of second scan planes formed
by performing a second 3D ultrasonic scan on said sub-
ject by an operator moving said ultrasonic probe, said
image display control section displaying said first and
second images so that said first scan planes and second
scan planes have mutually corresponding positional
relationships.

2. The ultrasonic diagnostic apparatus as recited in claim 1,
wherein said first 3D ultrasonic scan is a scan performed on
said subject by moving said ultrasonic probe separately from
said second 3D ultrasonic scan, and said information on posi-
tions of said first scan planes is identified based on detection
information from said movement detecting section when said
first 3D ultrasonic scan is performed by said ultrasonic probe.

54 Evaluating section
55 Movement calculating section

3. The ultrasonic diagnostic apparatus as recited in claim 1,
wherein said first 3D ultrasonic scan is an imaginary ultra-
sonic scan, and said information on positions of said first scan
planes is information defined and stored in said storage sec-
tion beforehand.

4. The ultrasonic diagnostic apparatus as recited in claim 1,
wherein:

said movement detecting section is configured to detect

positions of said second scan planes in a coordinate
system whose origin lies at a specified point,

said information on positions of said first scan planes is

information on positions in said coordinate system
whose origin lies at a specified point, and

said image display control section displays said first and

second images based on positions of said first scan
planes and second scan planes identified in said coordi-
nate systemn whose origin lies at a specified point.

5. The ultrasonic diagnostic apparatus as recited in claim 1,
wherein said image display control section is configured to:

display at the same position in said display section a first

scan-start plane, which is a scan-start plane among a
plurality of said first scan planes, and a second scan-start
plane, which is a scan-start plane among a plurality of
said second scan planes, lying at an identical position in
said subject to that of said first scan-start plane,
display said first scan planes other than said first scan-start
plane based on a relative positional relationship among a
plurality of said first scan planes identified from said
information on positions in said storage section, and
display said second scan planes other than said second
scan-start plane based on a relative positional relation-
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ship among a plurality of said second scan planes iden-
tified from said detection information from said move-
ment detecting section.

6. The ultrasonic diagnostic apparatus as recited in claim 1,
further comprising:

an evaluating section for evaluating movement of said
ultrasonic probe based on a positional relationship
between said first and second scan planes corresponding
in time to each other; and

a notifying section for notifying a result of evaluation by
said evaluating section.

7. The ultrasonic diagnostic apparatus as recited in claim 4,

further comprising:

an evaluating section for evaluating movement of said
ultrasonic probe based on a positional relationship
between said first and second scan planes corresponding
in time to each other; and

a notifying section for notifying a result of evaluation by
said evaluating section.

8. The ultrasonic diagnostic apparatus as recited in claim 5,

further comprising:

an evaluating section for evaluating movement of said
ultrasonic probe based on a positional relationship
between said first and second scan planes corresponding
in time to each other; and

a notifying section for notifying a result of evaluation by
said evaluating section.

9. The ultrasonic diagnostic apparatus as recited in claim 1,
wherein said movement detecting section comprises a mag-
netism generating section, and a magnetism detecting section
is provided in said ultrasonic probe for detecting magnetism
from said magnetism generating section, the ultrasonic diag-
nostic apparatus further comprising:

a position identifying section for identifying a position of
said scan plane in a coordinate system whose origin lies
at said magnetism generating section based on a mag-
netism detection signal from said magnetism detecting
section.

10. The ultrasonic diagnostic apparatus as recited in claim

1, wherein said movement detecting section comprises an
acceleration sensor provided in said ultrasonic probe, the
ultrasonic diagnostic apparatus further comprising;

a movement calculating section for calculating movement
of said scan plane based on detection signal from said
acceleration sensor.

11. The ultrasonic diagnostic apparatus as recited in claim

1, wherein said movement detecting section comprises a light
emitting section provided in said ultrasonic probe for emit-
ting light having a wavelength of visible or non-visible light,
the ultrasonic diagnostic apparatus further comprising;

a movement calculating section for calculating movement
of said scan plane based on a detection signal from a
light detecting section for detecting light from said light
emitting section.

12. The ultrasonic diagnostic apparatus as recited in claim

1, wherein said movement detecting section detects a distance
between different ultrasonic scan planes based on a correla-
tion between ultrasonic images in said different ultrasonic
scan planes.

13. The ultrasonic diagnostic apparatus as recited in claim
1, wherein:

said first image comprises a first 3D region image indicat-
ing a 3D region for said first 3D ultrasonic scan, and
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said second image comprises a second 3D region image
indicating a 3D region on which said second 3D ultra-
sonic scan is performed.
14. The ultrasonic diagnostic apparatus as recited in claim
4, wherein:
said first image comprises a first 3D region image indicat-
ing a 3D region for said first 3D ultrasonic scan, and
said second image comprises a second 3D region image
indicating a 3D region on which said second 3D ultra-
sonic scan is performed.
15. The ultrasonic diagnostic apparatus as recited in claim
5, wherein:
said first image comprises a first 3D region image indicat-
ing a 3D region for said first 3D ultrasonic scan, and
said second image comprises a second 3D region image
indicating a 3D region on which said second 3D ultra-
sonic scan is performed.
16. The ultrasonic diagnostic apparatus as recited in claim
13, further comprising:
awarning notifying section for notifying a warning when a
second 3D region indicated by said second 3D region
image is smaller than a first 3D region indicated by said
first 3D region image.
17. The ultrasonic diagnostic apparatus as recited in claim
14, further comprising:
awarning notifying section for notifying a warning when a
second 3D region indicated by said second 3D region
image is smaller than a first 3D region indicated by said
first 3D region image.
18. The ultrasonic diagnostic apparatus as recited in claim
13, further comprising:
a guide information notifying section for notifying, when
said second 3D region is smaller than said first 3D region
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and an unscanned region for which said second 3D ultra-
sonic scan is not performed exists in said first 3D region,
a guide information for guiding an ultrasonic scan by
said ultrasonic probe to said unscanned region.

19. The ultrasonic diagnostic apparatus as recited in claim
13, further comprising:

a warning notifying section for notifying a warning when
said second scan plane is not included in said first 3D
region.

20. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe for performing transmission/reception
of vltrasound on a subject;

a movement detecting section for detecting movement of
an ultrasonic scan plane by said ultrasonic probe;

a storage section for storing therein information on posi-
tions of a plurality of first scan planes in a first three-
dimensional (3D) ultrasonic scan on said subject; and

a processor comprising an image display control function
of displaying in a display section a first image represent-
ing positions of said first scan planes based on said
information on positions stored in said storage section,
and displaying in said display section, based on detected
information from said movement detecting section, a
second image representing positions of a plurality of
second scan planes formed by performing a second 3D
ultrasonic scan on said subject by an operator moving
said ultrasonic probe, said image display control func-
tion displaying said first and second images so that said
first scan planes and second scan planes have mutually
corresponding positional relationships.
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