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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD FOR GENERATING
ULTRASONIC IMAGE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent application No.
2016-42614, filed on. Mar. 4, 2016, and Japanese Patent
Application No. 2017-25680, filed on Feb. 15, 2017, the
entire contents of each of which are incorporated herein by
reference.

FIELD

[0002] An embodiment as an aspect of the present inven-
tion relates to an ultrasonic diagnostic apparatus and a
method for generating an ultrasonic image.

BACKGROUND

[0003] In a medical field, an ultrasonic diagnostic appa-
ratus which images an inside of an object by using ultrasonic
waves generated by using piezoelectric transducers of an
ultrasonic probe is in use. The ultrasonic diagnostic appa-
ratus transmits the ultrasonic waves into the object from the
ultrasonic probe connected to the ultrasonic diagnostic appa-
ratus and allows the ultrasonic probe to receive a reflected
wave caused by inconsistency of acoustic impedance inside
the object. The ultrasonic diagnostic apparatus generates a
received signal based on the reflected wave received by the
ultrasonic probe and obtains a desired ultrasonic image by
image processing,

[0004] A conventional art of the ultrasonic probe includes
a multi-plane probe. An example of the multi-plane probe is
a biplane probe including first piezoelectric transducers in
which piezoelectric transducers are arranged on a plane
orthogonal to an axis of a probe body and along an arc
direction around, an axis and second piezoelectric transduc-
ers in which piezoelectric transducers are arranged so as to
be in parallel with the axis of the probe body.

[0005] An object of the present invention is to provide an
ultrasonic diagnostic apparatus and a method for generating
an ultrasonic image providing a three-dimensional image
consistent with actuality in a case where a three-dimensional
image is generated on each scan plane of the multi-plane
probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In accompanying drawings,

[0007] FIG. 1 is an outline diagram illustrating configu-
ration of an ultrasonic diagnostic apparatus according to a
present embodiment;

[0008] FIG. 2 is a diagram illustrating a configuration
example or the ultrasonic probe;

[0009] FIG. 3 is a diagram for explaining first information
and second information;

[0010] FIG. 4 is a block diagram illustrating functions of
the ultrasonic diagnostic apparatus according to the present
embodiment;

[0011] FIG. 5 is a conceptual diagram illustrating a rela-
tionship of a convex array and an image generated by a
convex scan using the convex array;
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[0012] FIG. 6 is a diagram illustrating movement of a first
scan plane when the ultrasonic probe is made to slide along
the 7'-axis during the convex scan;

[0013] FIG. 7 is a conceptual diagram, illustrating a rela-
tionship of the linear array and an image generated by a
linear scan using the linear array;

[0014] FIG. 8 is a diagram illustrating movement of a
second scan plane when the ultrasonic probe is made to
rotate around the Z'-axis during the linear scan;

[0015] FIG. 9 is a diagram illustrating a first display
example of a three-dimensional image;

[0016] FIG. 10 is a diagram illustrating a second display
example of a three-dimensional image;

[0017] FIG. 11 is one part of a flowchart illustrating
operations of the ultrasonic diagnostic apparatus according
to the present embodiment;

[0018] FIG. 12 is the other part of the flowchart illustrating
the operations of the ultrasonic diagnostic apparatus accord-
ing to the present embodiment; and

[0019] FIGS. 13A to 13C are diagrams for explaining a
generation example of a sectional image corresponding to a
section for which a display request is accepted.

DETAILED DESCRIPTION

[0020] An ultrasonic diagnostic apparatus and a method
tor generating an ultrasonic image according to a present
embodiment will he described with reference to attached
drawings.

[0021] The ultrasonic diagnostic, apparatus according to
the present embodiment Includes an intracaritary ultrasonic
probe, a memory circuit and a generation circuit. The
intracaritary ultrasonic probe includes first piezoelectric
transducers performing ultrasonic transmission/reception
along a first scan plane, and includes second piezoelectric
transducers performing ultrasonic transmission/reception
along a second scan plane different from the first scan plane.
The memory circuit stores first information relating to a
positional relationship between a position of a sensor
attached on the ultrasonic probe and a position of the first
scan plane, and stores second information relating to a
positional relationship between a position of the sensor and
a position of the second scan plane. The generation circuit
generates first three-dimensional image data based on an
output of the ultrasonic probe obtained by the ultrasonic
transmission/reception using the first piezoelectric transduc-
ers, an output of the sensor and the first information, and
generates second three-dimensional image data based on an
output of the ultrasonic probe obtained by the ultrasonic
transmission/reception using the second piezoelectric trans-
ducers, an output of the sensor, and the second information,
[0022] FIG. 1 is an outline diagram illustrating configu-
ration of an ultrasonic diagnostic apparatus according to a
present embodiment.

[0023] FIG. 1 illustrates the ultrasonic diagnostic appara-
tus 1 according to the present embodiment. The ultrasonic
diagnostic apparatus 1 includes an ultrasonic probe 11 and a
main body 12.

[0024] The ultrasonic probe 11 is an intracaritary multi-
plane probe. The multi-plane probe includes a biplane probe
capable of ultrasonic transmission/reception along each of
two types of scan planes and a triplane probe capable of
ultrasonic transmission/reception along each of three types
of scan planes. A case where the ultrasonic probe 11 is a
biplane probe will be described below. In the present
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embodiment, an intracaritary multi-plane probe suitable for
imaging an internal organ by being inserted through a
rectum will be described, but an external multi-plane probe
may be used.

[0025] The ultrasonic probe 11 includes first piezoelectric
transducers executing ultrasonic transmission/reception
along a first scan plane (hereinafter referred to as a “first
piezoelectric transducer set”) and second piezoelectric trans-
ducers executing ultrasonic transmission/reception along a
second scan plane different from the first scan plane (here-
inafter referred to as a “second piezoelectric transducer
set”). In the present embodiment, a case where the first scan
plane and the second scan plane cross each other is
described, but they may be in parallel with each other. In
accordance with control by the main body 12, each of the
first piezoelectric transducers set and the second piezoelec-
tric transducer set transmits/receives ultrasonic waves
to/from an object.

[0026] FIG. 2 is a diagram illustrating a configuration
example of the ultrasonic probe 11.

[0027] In the present embodiment, for the purpose of
illustration, an X'Y'Z' coordinate system is defined with
respect to a position of a sensor, assuming that a direction
along an axis of a distal end part of the probe body 22 in the
ultrasonic probe 11 is a Z'-axis, a direction orthogonal to the
7'-axis and going toward center positions of a first piezo-
electric transducer set 22q and a second piezoelectric trans-
ducer set 225 from the 7'-axis is a Y'-axis, and a direction
orthogonal to the Y'-axis and the Z'-axis 1s an X'-axis. A left
side of FIG. 2 illustrates an I-I sectional (X'-Y' section)
diagram of the ultrasonic probe 11 illustrated on a right side
of FIG. 2, and the right side of FIG. 2 illustrates a diagram
of the ultrasonic probe 11 when seen from a side. The
ultrasonic probe 11 includes a handle portion 21, the probe
body 22, a sensor 23, a sensor cover 24, and a cable 25 (25q,
25b). The handle portion 21 includes a switch 21a for
instructing switching of a scan mode.

[0028] The probe body 22 includes the first piezoelectric
transducer in which piezoelectric transducers are arranged
on a plane orthogonal to the Z'-axis and along an arc
direction around the 7'-axis and the second piezoelectric
transducer set 225 in which the piezoelectric transducers are
arranged so as to be in parallel with the Z'-axis. Fach or
piezoelectric transducers included in the piezoelectric trans-
ducer sets 22a and 225 is an electroacoustic conversion
element and has a function of converting an electric pulse to
an ultrasonic pulse (transmitted ultrasonic wave) in trans-
mission and of converting an ultrasonic reflected wave
(received ultrasonic wave) to an electric signal (received
signal) in reception.

[0029] The first piezoelectric transducer set 22a includes a
transducer row including the piezoelectric transducers
arranged with an azimuth direction set in a direction along
an X-Y' plane, for example. The first piezoelectric trans-
ducer set 22a forms a convex array along a surface shape of
the distal end part of the probe body 22, for example.
Hereinafter, a case where the first piezoelectric transducer
set 22a forms the convex array will be described as an
example.

[0030] The second piezoelectric transducer set 226
includes a transducer row including the piezoelectric trans-
ducers arranged with an azimuth direction set in a direction
along the Z'-direction, for example. The second piezoelectric
transducer set 22b forms a linear array along the surface
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shape of the distal end part of the probe body 22. Herein-
after, a case where the second piezoelectric transducer set
22b is a linear array will be described as an example.
[0031] In general, when one to three piezoelectric trans-
ducer rows each including the piezoelectric transducers
arranged along the azimuth direction are arranged along an
elevation direction, a lens material (not shown) for converg-
ing the ultrasonic waves transmitted from the piezoelectric
transducer row in the elevation direction is provided on a
front surface side (acoustic emission surface side) of the
transducer row or those transducer rows. On the other hand,
when a sufficient number of transducer rows each including
the piezoelectric transducers arranged along the azimuth
direction are arranged along the elevation direction, an
electronic focus is used for converging the ultrasonic waves
transmitted from the transducer row in the elevation direc-
tion.

[0032] On the front surface side of each of the arrays 22a
and 225, an acoustic matching layer (not shown) for reduc-
ing mismatch of acoustic impedance with a living body can
be arranged, and on a rear surface side of each of the arrays
22a and 22b, a backing material (not shown) for reducing
reflection from the rear surface side can be arranged. More-
over, each of the piezoelectric transducers of the arrays 22a
and 225, can be electrically connected to various circuits
provided in the probe body 22 and the main body 12. The
convex array 22a and the linear array 225 are connected to
a transceiver circuit 36 which will be described later through
a switch circuit (not shown) provided in the ultrasonic probe
11. The switch circuit is a circuit for switching (connection)
between the convex array 22a and the linear array 225.
[0033] The sensor 23 detects and outputs its own position
PO [X,Y, Z] or information corresponding to that. Moreover,
the sensor 23 can detect and output its own posture [6,, 6,
6,] or information corresponding to that. When the sensor 23
detects positions of at least two spots or information corre-
sponding to them, for example, a posture of the sensor 23
can be detected from a detection result of the at least two
spots. The sensor 23 in the present embodiment detects a
size and a direction of a magnetic field generated by a
magnetic field generator 39 which will be described later
and detects and outputs a position and a posture of the sensor
on the basis of the detected size and direction of the
magnetic field. Tt is preferable that the sensor 23 is used both
in scan using the convex array 22« and in scan using the
linear array 22b. That is because a size of the ultrasonic
probe 11 is to be suppressed. The sensor 23 may be a
so-called nine-axis sensor including at least any one of a
three-axis gyro sensor for detecting an angular speed of
three axes in a three-dimensional space, a three-axis accel-
eration sensor for detecting acceleration of the three axes in
the three-dimensional space, and a three-axis geomagnetic
sensor for detecting geomagnetism of the three axes in the
three-dimensional space. The position and the posture of the
sensor 23 can be also regarded as a position and a posture of
the ultrasonic probe.

[0034] The sensor cover 24 can hold the sensor 23 and is
detachably attached to the probe body 22 while holding the
sensor 23. The sensor 23 and the sensor cover 24 may be a
part of the probe body 22.

[0035] The cable 25a connects a signal line of the probe
body 22 to a transmission circuit 361 and a reception circuit
362 (both are illustrated in FIG. 1) of the transceiver circuit
36 which will be described later. The cable 255 connects a
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signal line of the sensor 23 to processing circuitry 31
(illustrated in FIG. 1). Alternatively, the cable 255 is con-
nected to an external device (not shown) connected to the
processing circuitry 31. Processing circuitry (not shown)
included in this external device detects a position of the
sensor 23 on the basis of information output by the sensor 23
when the sensor 23 outputs not the position itself but
information corresponding to that, for example. The pro-
cessing circuit included in this external device detects a
posture of the sensor 23 on the basis of information output
by the sensor 23 when the sensor 23 outputs not the posture
itself but information corresponding to the posture, for
example. Alternatively, the processing circuit, included in
this external device detects a posture of the sensor 23 on the
basis or detected positions of at least two spore, for example.
That is, the processing circuit included in this external
device detects the position or the posture on the basis of the
output from the sensor 23 when the sensor 23 does not
output the position itself or the posture itself. The processing
included in this external device outputs the detected position
or posture to the processing circuitry 31. Detection by the
processing circuit included in this external device may be
alternatively executed by the processing circuitry 31.

[0036] Returning to the description of FIG. 1, the main
body 12 includes the processing circuitry 31, a storage
portion (memory circuit, for example) 32, an input portion
(input circuit, for example) 33, a display portion (display, for
example) 34, a reference signal generation circuit 35, the
transceiver circuit 36, an echo data processing circuit 37, an
image generation circuit 38, and the magnetic field generator
(magnetic transmitter) 33.

[0037] The processing circuitry 31 means any one of
dedicated or general central processing umt (CPU) and a
micro processor unit (MPU), an application specific inte-
grated circuit (ASIC), and a programmable logic device. The
programmable logic device may be, for example, any one of
a simple programmable logic device (SPLD), a complex
programmable logic device (CPLD), a field programmable
gate array (FPGA) and the like.

[0038] The processing circuitry 31 may be a single pro-
cessing circuit or a combination of multiple processing
circuits. In the latter case, the memory circuit 32 includes
multiple memory circuit elements each storing an element of
a program that the processing circuitry 31 executes, and each
corresponding to the processing circuit. Alternatively, in the
latter case, the memory circuit 32 includes a single memory
circuit storing the program that the processing circuitry 31
executes, and corresponding to the multiple processing
circuits.

[0039] The memory circuit 32 includes a semiconductor
memory element such as a RAM (Random Access
Memory), a flash memory and the like, a hard disk, an
optical disk and the like. The memory circuit 32 may be a
portable media such as an USB (Universal Serial bus)
memory, a DVD (Digital Video Disk) and the like. The
memory circuit 32 stores various processing programs (in
addition to application programs, OS (Operating System)
and the like are also included), data required for execution
of the programs, and medical images used in the processing
circuitry 31. The OS may include a GUI (Graphical User
Interface) which enables basic operations by the input circuit
33 by using many graphics in display of information on the
display 34 to an operator.
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[0040] The memory circuit 32 stores first information
relating to a positional relationship between a position of the
sensor 23 attached on the ultrasonic probe 11 and a position
of a scan plane of the convex array 22a. Moreover, the
memory circuit 32 stores second information relating to a
positional relationship between the position of the sensor 23
attached on the ultrasonic probe 11 and a. position of the
scan plane of the linear array 22b.

[0041] FIG. 3 is a diagram for explaining the first infor-
mation and the second information.

[0042] As illustrated in FIG. 3, the position of the sensor
23 attached on the ultrasonic probe 11 is defined as P0, a
scan plane position of the convex array 22a as Pa, and a scan
plane position of the linear array 224 as Pb. The scan plane
position Pa of the convex array 22a may be the center
position of the piezoelectric transducers of the convex array
22a or may be a part on the scan plane of the convex scan.
Similarly, the scan plane position Pb of the linear array 226
may be the center position of the piezoelectric transducers of
the linear array 225 or may be a part on the scan plane of the
linear scan. Hereinafter, a case where the scan plane position
Pa of the convex array 22aq is at the center position Of the
piezoelectric transducers of the convex array 22a and the
scan plane position Pb of the linear array 225 is the center
position of the piezoelectric transducers of the linear array
22b will be described,

[0043] Since the positions PO, Pa, and Pb in the X'Y'Z'
coordinate system are known, a distance da between the
position P0 and the position Pa is known information, and a
distance db between the position P0 and the position Pb is
known information. A direction of the position Pa with
respect to the position PO is known information definable by
an elevation angle Fa based on a 7Z'-X' plane with respect to
a straight line La passing through the positions P0 and Pa,
and a direction of the position Pb with respect to the position
P0 is known information definable by an elevation angle Eb
based on a 7Z'-X' plane with respect to a straight line Lb
passing through the positions P0 and Pb. That is, the
positions Pa and Pb in an XYZ coordinate system which will
be described later are uniquely determined by the position
PO and a posture of the sensor 23 in the XYZ coordinate
system and the aforementioned information. The case where
azimuth angles La and Lb based on the 7Z'-axis with respect
to the straight lines La and Lb are not considered by the
definition of the aforementioned X'Y'Z' coordinate system is
described, but the azimuth angles Aa and Ab need to be
considered if definition (definition of each axis) of the
coordinate system is different.

[0044] The first information in the present embodiment
relates to a positional relationship between the position PO
and the position Pa or in other words, a relative relationship
between the position PO and the position Pa. The second
information in the present embodiment relates to a positional
relationship between the position PO and the position Pb or
in other words, a relative relationship between the position
P0 and the position Pb. In the explanation using FIG. 3 as an
example, the first information includes information defining
the X'Y'Z' coordinate system, information on the distance da
between the position PO and the position Pa, and informa-
tion, on the elevation angle Ea based on the 7'-X' plane with
respect to the straight line La, while the second information
includes the information defining the X'Y'Z' coordinate
system, information on the distance db between the position
PO and the position Pb, and information on the elevation
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angle Eb based on the Z'-X' plane with respect to the straight
lint Lb. The first information may include information
relating to the posture of the first scan plane in the X'Y'Z'
coordinate system, and the second information may include
information relating to the posture of the second scan plane
in the a X'Y'Z' coordinate system. The case where the
positional relationships between the position PO and the
position Pa and between the position PO and the position Pb
are determined in a polar coordinate manner is described,
but these positional relationships may be determined in a
rectangular coordinate manner.

[0045] The first, information may include information of
distances da-1, da-2, and da-3 between each of three posi-
tions Pa-1, Pa-2, and Pa-3, for example, defining the posture
of the first scan plane and the position P0, information of
elevation angles Ea-1, Ea-2, and Ea-3 based on the Z'-X'
plane with respect to each of a straight line La-1 passing
through the position Pa-1 and the position P0, a straight line
La-2 passing through the position Pa-2 and the position P0,
and a straight line La-3 passing through the position Pa-3
and the position P0, and information of azimuth angles Aa-1,
Aa-2, and Aa-3 based on the 7'-axis with respect to each of
the straight lines La-1, La-2, and La-3. The second infor-
mation may include information of distances db-1, db-2, and
db-3 between each of three positions Pb-1, Pb-2, and Pb-3,
for example, defining the posture of the second scan plane
and the position PO, information of elevation angles Eb-1,
Eb-2, and Eb-3 based on the Z'-X' plane with respect to each
of a straight line Lb-1 passing through the position Pb-1 and
the position PO, a straight line Lb-2 passing through the
position Pb-2 and the position P0, and a straight line [b-3
passing through the position Pb-3 and the position P0, and
information of azimuth angles Ab-1, Ab-2, and Ab-3 based
on the Z'-axis with respect to each of the straight lines Lb-1,
Lb-2, and Lb-3. Alternatively, the posture of the scan plane
may be calculated as appropriate by the processing circuitry
31 in calculation of each pixel position of images generated
by the image generation circuit 38.

[0046] Returning to the description of FIG. 1, the input
circuit 33 is a circuit into which a signal from an input device
is input. The input device includes a pointing device (a
mouse, a trackball and the like) capable of operation by an
operator, a keyboard, a touch pad and the like. Here, the
input device itself is assumed to be included in the input
circuit 33. When the input device is operated by the operator,
the input circuit 33 generates an input signal according to the
operation and outputs it to the processing circuitry 31. The
main body 12 may include a touch panel in which the input
device is constituted integrally with the display 34.

[0047] The display 34 includes a general display output
device such as a liquid crystal display, an OLED (Organic
Light Emitting Diode) display and the like and displays
image data generated by the image generation circuit 38 in
accordance with control of the processing circuitry 31.
[0048] The reference signal generation circuit 35 gener-
ates a continuous wave or a rectangular wave having a
frequency substantially equal to the center frequency of an
ultrasonic pulse, for example, to the transceiver circuit 36 in
accordance with the control signal from, the processing
circuitry 31.

[0049] The transceiver circuit 36 performs transmission/
reception to/from the ultrasonic probe 11 in accordance with
the control signal from the processing circuitry 31. The
transceiver circuit 36 includes a transmission circuit 361 for
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generating a driving signal for causing the ultrasonic probe
11 to emit ultrasonic waves and a reception circuit 362
performing phase-regulation and addition to the received
signal from the ultrasonic probe 11.

[0050] The transmission circuit 361 includes a rate pulse
generator, a transmission delay circuit, and a pulsar, not
shown. The rate pulse generator generates the rate pulse
determining a repetition period of the transmitted ultrasonic
waves by dividing the continuous wave or the rectangular
wave supplied from the reference signal generation circuit
35 and supplies this rate pulse to the transmission delay
circuit. The transmission delay circuit includes independent
delay circuits in the same number (N channels) as that of the
piezoelectric transducers used for transmission, gives delay
time for focusing the transmitted ultrasonic waves to a
predetermined depth and delay time for emitting the trans-
mitted ultrasonic waves in a predetermined direction in
order to obtain a narrow beam width in transmission and
supplies this rate pulse to the pulsar. The pulsar has an
independent driving circuit with N channels and generates a
drive pulse for driving the piezoelectric transducers incor-
porated in the ultrasonic probe 11 on the basis of the rate
pulse.

[0051] The reception circuit 362 includes a pre-amp, an
A/D (Analog to Digital) conversion circuit, a reception
delay circuit, and an addition circuit, not shown. The pre-
amp is includes H channels and ensures sufficient S/N by
amplifying a weak signal having been converted by the
piezoelectric transducers to electric received signals. The
received signals of the N channel amplified by the pre-amp
to a predetermined size are converted by the A/D conversion
circuit to digital signals and are sent to the reception delay
circuit. The reception delay circuit gives focusing delay time
for focusing the ultrasonic reflected waves from the prede-
termined depth and deflection delay time for setting recep-
tion directivity to a predetermined direction to each of the
received signals of the N channels output from the A/D
conversion circuit. An addition circuit performs phase-regu-
lation and addition of the received signals from the reception
delay circuit (addition by having phases of the received
signals obtained from the predetermined direction matched).

[0052] The echo data processing circuit 37 executes pro-
cessing for generating an ultrasonic image with respect to
echo data input from the reception circuit 362 in accordance
with the control signal from the processing circuitry 31. For
example, the echo data processing circuit 37 executes
B-mode processing such as logarithm compression process-
ing, envelope detection processing and the like and Doppler
processing such as orthogonal detection processing, filter
processing and the like.

[0053] The image generation circuit 38 generates ultra-
sonic image data by scan/converting data input from the
echo data processing circuit 37 by a scan converter in
accordance with a control signal from the processing cir-
cuitry 31. Then, the image generation circuit 38 has the
ultrasonic image based on the ultrasonic image data dis-
played on the display 34. The ultrasonic image data in the
present, embodiment includes at least any one of form image
data (including B-mode image) expressing form information
in the object, Doppler image data expressing distribution of
blood flow information in the object, tissue characterization
image data expressing tissue characteristics such as elastic-
ity, viscosity, attenuation and the like in the object. The
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ultrasonic image data in the present embodiment includes at
least one of two-dimensional image data and three-dimen-
sional image data.

[0054] The magnetic field generator 39 generates a mag-
netic field. The XYZ coordinate system in the present
embodiment may be defined on the basis of the position and
the posture of the magnetic field generator 39 or may be
defined without depending on the position and the posture of
the magnetic field generator 39. The magnetic field genera-
tor 39 generates a magnetic field. In synchronization with
that, the sensor 23 sequentially detects its own position P0
[X, y, z] in the XYZ coordinate system and its own posture
[a, B, v] in the XYZ coordinate system-.

[0055] Subsequently, functions of the ultrasonic diagnos-
tic apparatus 1 according to the present embodiment will be
described.

[0056] FIG. 4 is a block diagram illustrating the functions
or the ultrasonic diagnostic apparatus 1 according to the
present embodiment,

[0057] The ultrasonic diagnostic apparatus 1 functions as
a convex scan executing function 311, a position determin-
ing function 312, a position associating function 313, a
linear scan executing function 314, and a scan-mode switch-
ing function 315 by execution of programs by the processing
circuitry 31. A case where the functions 311 to 315 function
in a software manner will be described as an example, but
some of or all of the functions 311 to 315 may be provided
as a digital circuit in the ultrasonic diagnostic apparatus 1.
[0058] The convex scan executing function 311 is a func-
tion of executing convex scan by controlling the convex
array 22a of the ultrasonic probe 11 through the reference
signal generation circuit 35, The image generation circuit 38
generates images relating to frames on the basis of an output
from the convex array 22a during the convex scan. The
processing circuitry 31 sequentially displays (live-display)
the images relating to the respective frames generated by the
image generation circuit 38 on the display 34. For example.
if the ultrasonic probe 11 in the present embodiment is to be
used with the purpose of puncture treatment to prostate, the
live-display of the images relating to the respective frames
is effective in searching a portion to be punctured, for
example. FIG. 5 is a conceptual diagram illustrating a
relationship of the convex array 22a and an image generated
by the convex scan using the convex array 22a. FIG. 6 is a
diagram illustrating movement of the first scan plane when
the ultrasonic probe 11 is made to slide along the Z'-axis
during the convex scan, that is, convex sections formed by
the moving first scan plane. The convex sections are all
substantially in parallel with the X'Y" plane.

[0059] Returning to the description of FIG. 4, the position
determining function 312 is a function of determining rela-
tive positions of images relating to respective frames gen-
erated by the image generation circuit 38 on the basis of the
output of the sensor 23 and the first information stored in the
memory circuit 32. For example, the processing circuitry 31
determines a position of an image of a first frame in the XYZ
coordinate system on the basis of the position PO and the
posture of the sensor 23 in the XYZ coordinate system
output by the sensor 23 at timing when data to be a base for
the image of the first frame is collected and the first
information read out by the processing circuitry 31 from the
memory circuit 32 and determines a position of an image of
a second frame in the XYZ coordinate system on the basis
of the position PO and the posture of the sensor 23 in the
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XYZ coordinate system output by the sensor 23 at timing
when data to be a base for the image of the second frame is
collected and the first information read out by the processing
circuitry 31 from the memory circuit 32.

[0060] That is, the processing circuit determines a position
of an image of an m-th frame in the XYZ coordinate system
on the basis of the position P0 and the posture of the sensor
23 in the XYZ coordinate system, output fey the sensor 23
at timing when data to be a base for the image of the m-th
frame is collected and the first information read out by the
processing circuitry 31 from the memory circuit 32.
[0061] The processing circuitry 31 can determine a posi-
tion of an image of another frame with respect to a position
of an image of a k-th frame, for example (relative positions
of the image of the k-th frame and the image of another
frame) by the position determining function 312.

[0062] The position associating function 313 is a function
of associating a relative position of an image determined by
the position determining function 312 with each of the
images generated by the image generation circuit 38 in the
convex scan. The position associating function 313 may
attach the relative position to each of the images generated
in the convex scan or may generate an association table for
associating the images with the respective relative positions.
Instead of the relative position or in addition to the relative
position, the position in the XYZ coordinate system (abso-
lute position) may be attached. An association table associ-
ating the images with the respective absolute positions may
be generated.

[0063] The image generation circuit 38 generates volume
data as three-dimensional image data by aligning the images
generated in the convex scan in accordance with the asso-
ciated relative positions and by executing interpolation
processing as necessary. The image generation circuit 38.
generates a three-dimensional image on the basis of the
volume data. That is, the image generation circuit 38 can
generate the three-dimensional image data (first three-di-
mensional image data) on the basis of an output of the
ultrasonic probe 11 obtained by ultrasonic transmission/
reception using the convex array 22a, an output of the sensor
23, and the first information. The image generation circuit 38
displays the generated three-dimensional image. Here, the
three-dimensional image means an image generated by
applying three-dimensional image processing including ren-
dering processing such as volume rendering, surface ren-
dering, global illumination and the like and MPR (Multi-
Planar Reconstruction) processing and the like to the three-
dimensional image data.

[0064] The linear scan executing function 314 is a func-
tion of executing linear scan by controlling the linear array
22b of the ultrasonic probe 11 through the reference signal
generation circuit 35. The image generation circuit 38 gen-
erates images relating to respective frames on the basis of an
output from the linear array 225 during the linear scan. The
processing circuitry 31 sequentially live-displays the images
relating to the respective frames generated by the image
generation circuit 38 on the display 34. For example, if the
ultrasonic probe 11 in the present embodiment is to be used
with the purpose of puncture treatment for prostate, the
live-display of the images relating to the respective frames
is effective in searching a position of a puncture needle, for
example. FIG. 7 is a conceptual diagram illustrating a
relationship of the linear array 225 and an image generated
by the linear scan using the linear array 22b. FIG. 8 is a
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diagram illustrating movement of the second scan plane
when the ultrasonic probe 11 is made to rotate around the
7'-axis during the linear scan, that is, linear sections formed
by the moving second scan plane. The linear sections have
different rotation angles in a rotating direction around the
7'-axis.

[0065] Returning to the description of FIG. 4, the position
determining function 312 is a function of determining rela-
tive positions of the images relating to the respective frames
generated by the image generation circuit 38 on the basis of
the output of the sensor 23 and the second information stored
in the memory circuit 32. For example, the processing
circuitry 31 determines a position of an image of a first
frame in the XYZ coordinate system on the basis of the
position PO and the posture of the sensor 23 in the XYZ
coordinate system output by the sensor 23 at timing when
data to be a base for the image of the first frame is collected
and the second information read out by the processing
circuitry 31 from the memory circuit 32 and determines a
position of an image of a second frame in the XYZ coor-
dinate system on the basis or the position P0 and the post ore
of the sensor 23 in the XYZ coordinate system output by the
sensor 23 at timing when data to be a base for the image of
the second frame is collected and the second information
read out by the processing circuitry 31 from the memory
circuit 32.

[0066] The position associating function 313 is a function
of associating a relative position of an image determined by
the position determining function 312 with each of images
generated by the image generation circuit 38 in the linear
scan. The position associating function 313 may attach the
relative position to each of the images generated in the linear
scan or may generate an association table for associating the
images with the respective relative positions. Instead of the
relative position or in addition to the relative position, the
position in the XYZ coordinate system (absolute position)
may be attached. An association table associating the images
with the respective absolute positions may be generated.

[0067] The image generation circuit 38 generates volume
data as three-dimensional image data by aligning the images
generated in the linear scan in accordance with the associ-
ated relative positions and by executing interpolation pro-
cessing as necessary. Moreover, the image generation circuit
38 generates a three-dimensional image on the basis of the
volume data. That is, the image generation circuit 38 can
generate three-dimensional image data (second three-dimen-
sional image data) on the basis of an output of the ultrasonic
probe 11 obtained by the ultrasonic transmission/reception
using the linear array 224, an output of the sensor 23, and the
second information. The image generation circuit 38 dis-
plays the generated three-dimensional image.

[0068] FIG. 9 is a diagram illustrating a first display
example of the three-dimensional image.

[0069] FIG. 9 illustrates the first display example of the
three-dimensional image based on the volume data gener-
ated from the sectional, images generated in a B mode. As
illustrated in FIG. 9, the three-dimensional images can be
displayed in parallel. In FIG. 9, as the three-dimensional
images, orthogonal 3-sectional images (A-plane image,
B-plane image, and C-plane image) and a rendering image
are illustrated. The sectional images obtained by the convex
scan and those obtained by the linear scan are both equal.
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The sectional images are not limited to those generated in
the B mode but may be those generated in a color Doppler
mode or in an elasto mode.

[0070] FIG. 10 is a diagram illustrating a second display
example of the three-dimensional image.

[0071] FIG. 10 illustrates the second display example of
the three-dimensional image based on the volume data
generated from the sectional images generated in the B
mode. As illustrated in FIG. 10, the three-dimensional
images can be displayed in parallel. In FIG. 10, as the
three-dimensional images, four B-plane images in parallel
are illustrated. The sectional images obtained by the convex
scan and those obtained by the linear scan are both equal.
Moreover, the sectional images are not limited to those
generated in the B mode but may be generated in the color
Doppler mode or in the elasto mode.

[0072] Returning to the description, of FIG. 4, the scan-
mode switching function 315 includes a function of switch-
ing the scan mode from the convex scan to the linear scan
if the switch 21a of the ultrasonic probe 11 is pressed during
execution of the convex scan by the convex scan executing
function 311. Moreover, the scan-mode switching function
315 includes a function of switching the scan mode from the
linear scan to the convex scan if the switch 21a of the
ultrasonic probe 11 is pressed during execution of the linear
scan by the linear scan executing function 314. The switch-
ing of the scan mode is not an indispensable function for the
ultrasonic diagnostic apparatus 1.

[0073] Subsequently. operations of the ultrasonic diagnos-
tic apparatus 1 according to the present embodiment will be
described by using FIGS. 4, 11, and 12.

[0074] FIGS. 11 and 12 are flowcharts illustrating the
operations of the ultrasonic diagnostic apparatus 1 according
to the present embodiment.

[0075] In FIGS. 4 and 11, the convex scan executing
function 311 of the ultrasonic diagnostic apparatus 1 con-
trols the magnetic field generator 39 (illustrated in FIG. 1)
and starts generation of a magnetic field in a three-dimen-
sional direction (Step ST1). The convex scan executing
function 311 starts the convex scan by controlling the
convex array 22a of the ultrasonic probe 11 when start of
scan is input through the input circuit 33 (Step ST2).
[0076] Theimage generation circuit 38 generates a convex
sectional image relating to the first frame during the convex
scan (Step ST3). The image generation circuit 38 generates
a convex sectional image relating to an m-th frame during
the convex scan (Step ST4). The image generation circuit 38
may display the convex sectional image relating to the m-th
frame on the display 34. In that case, the image generation
circuit 38 can also live-display the convex sectional image
by updating display of the convex sectional image relating
to a frame prior to the m-th frame to the convex sectional
image relating to the m-th frame.

[0077] The position determining function 312 determines
a relative position of the convex sectional image relating to
the m-th frame with respect, to the convex sectional image
relating to the first frame generated by the image generation
circuit 38 on the basis of an output of the sensor 23 relating
to the m-th frame and the first information stored in the
memory circuit 32 (Step ST5).

[0078] The position associating function 313 associates
the relative position of the scan plane determined at Step
ST5 with a convex sectional image relating to the m-th
frame generated by the convex scan by the image generation
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circuit 38 (Step ST6). The image generation circuit 38
generates the volume data as the three-dimensional image
data on the basis of convex sectional images from the first
frame to the m-th frame with which the relative position is
associated during the convex scan (Step ST7). After a
m-1-th volume data is generated on the basis of the convex
sectional images from the first frame to the m-1-th frame,
when the m-th volume data is to be generated on the basis
of the convex sectional images from the first frame to the
m-th frame, the m-th volume data is newly generated
separately from the m-1-th volume data at Step ST7. That
is, m pieces of the volume data are generated. However, the
case is not limiting. The m-th volume data may be generated
by updating the m-1-th volume data by the m-th convex
sectional image, for example. That is, one piece of volume
data is generated.

[0079] The image generation circuit 38 generates a three-
dimensional image on the basis of the volume data generated
at Step ST7 and displays the three-dimensional image on the
display 34 (Step ST8). That is, at Step ST8, three-dimen-
sional images based on the volume data of the respective
frames is live-displayed. Consider a ease where, after the
m-1-th volume data is generated on the basis of the convex
sectional images from the first frame to the m-1-th frame,
the m-th volume data is generated on the basis of the convex
sectional images from the first frame to the m-th frame. In
that case, since data ranges are different between the m-1-th
volume data and the m-th volume data, a display range of the
three-dimensional image fluctuates, during live-display, for
example. Moreover, the image generation circuit 38 has the
volume data generated by the Step ST7 and the three-
dimensional image generated at Step ST8 stored in the
memory circuit 32.

[0080] The scan-mode switching function 315 determines
whether or not the scan mode has been switched to the linear
scan in accordance with whether or not the switch 21a of the
ultrasonic probe 11 has been pressed during the convex scan
(Step ST9). If the determination at Step ST9 is YES, that is,
if it is determined that the scan mode has been switched to
the linear scan, the scan-mode switching function 315 fin-
ishes the convex scan and the routine proceeds to Step ST22
illustrated in FIG. 12.

[0081] On the other hand, if the determination at Step ST9
is NO, that is, if it is determined that the scan mode has not
been switched to the linear scan, the scan-mode switching
function 315 determines whether or not the scan should be
finished in accordance with whether or not a finish instruc-
tion has been given by the operator during the convex scan
(Step ST10). If the determination at Step ST10 is YES, that
is, if it is determined that the scan is to be finished, the
convex scan executing function 311 finishes generation of
the magnetic field in the three-dimensional direction by
controlling the magnetic field generator 39 (Step STI11),
whereby the scan is finished.

[0082] If the determination at Step ST10 is NO, that is, it
is determined that the scan is not to be finished, the image
generation circuit 38 proceeds by one frame (Step ST12) and
generates a convex sectional image relating to the m+1-th
frame (Step ST4).

[0083] In FIGS. 4 and 12, the linear scan executing
function 314 of the ultrasonic diagnostic apparatus 1 starts
the linear scan by controlling the linear array 225 of the
ultrasonic probe 11 when a start of scan is input through the
input circuit 33 (Step ST22).
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[0084] The image generation circuit 38 generates a linear
sectional image relating to the first frame during the linear
scan (Step ST23). The image generation circuit 38 generates
a linear sectional image relating to an n-th frame during the
linear scan (Step ST24). Reference character n is an integer
of 2 or more. The image generation circuit 38 may display
the linear sectional image relating to the n-th frame on the
display 34. In that case, the image generation circuit 38 can
live-display the linear sectional image by updating display
of the linear sectional image relating to a frame prior to the
n-th frame by the linear sectional image relating to the n-th
frame.

[0085] The position determining function 312 determines
a relative position of toe linear sectional image relating to
the n-th frame with respect to the linear sectional image
relating to the first frame generated by the image generation
circuit 38 on the basis of an output of the sensor 23 relating
to the n-th frame and the second information stored in the
memory circuit 32 (Step ST25).

[0086] The position associating function 313 associates a
relative position of the scan plane determined at Step ST25
with the linear sectional image relating to the n-th frame
generated in the linear scan by the image generation circuit
38 (Step ST26). The image generation circuit 38 generates
the volume data as the three-dimensional image data on the
basis of linear sectional images from the first frame to the
n-th frame with which the relative position is associated
during the linear scan (Step ST27). After an n-1-th volume
data is generated on the basis of the linear sectional images
from the first frame to the n-1-th frame, when the n-th
volume data is to be generated on the basis of the linear
sectional images from the first, frame to the n-th frame, n-th
volume data is newly generated separately from the n-1-th
volume data at Step ST27. That is, n pieces of the volume
data are generated. However, that case is not limiting. The
n-th volume data may be generated by updating the n-1-th
volume data by the n-th linear sectional image, for example.
That is, one piece of volume data is generated.

[0087] The image generation circuit 38 generates a three-
dimensional image on the basis of the volume data generated
at Step ST27 and displays the three-dimensional image on
the display 34 (Step ST28). That is, at Step ST28, three-
dimensional images based on the volume data of the respec-
tive frames is live-displayed. Consider a case where, after
the n—-1-th volume data is generated on the basis of the linear
sectional, images from the first frame to the n-1-th frame,
the n-th volume data is generated on the basis of the linear
sectional images from the first frame to the n-th frame. In
that case, since data ranges are different between the n-1-th
volume data and the n-th volume data, a display range of the
three-dimensional image fluctuates during live-display, for
example. Moreover, the image generation circuit 38 has the
volume data generated at the Step ST27 and the three-
dimensional image generated at Step ST28 stored in the
memory circuit 32.

[0088] The scan-mode switching function 315 determines
whether or not the scan mode has been switched to the
convex scan in accordance with whether or not the switch
21a of the ultrasonic probe 11 has been pressed during the
linear scan (Step ST29). If the determination at Step ST29
is YES, that is, if it is determined that the scan mode has
been switched to the convex scan, the scan-mode switching
fanction 315 finishes the linear scan and the routine pro-
ceeds to Step ST2 illustrated in FIG. 11.
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[0089] On the other hand, if the determination at Step
ST29 is NO, that is, if it is determined that the scan mode has
not been switched to the convex scan, the scan-mode switch-
ing function 315 determines whether or not the scan should
be finished in accordance with whether or not a finish
instruction has been given by the operator during the linear
scan (Step ST30). If the determination at Step ST30 is YES,
that is, if it is determined that the scan is to be finished, the
linear scan executing function 314 finishes generation of the
magnetic field by controlling the magnetic field generator 39
(Step ST31), whereby the scan is finished.

[0090] If the determination at Step ST30 is NO, that is, if
it is determined that the scan is not to be finished, the image
generation circuit 38 proceeds by one frame (Step ST32) and
generates a linear sectional image relating to the n+1-th
frame (Step ST24).

[0091] In FIGS. 11 and 12, the operation of executing the
linear scan after the convex scan is executed first is
described, but the operation may be such that the convex
scan is executed after the linear scan is executed first.
Alternatively, it may be so configured that, after the convex
scan is started at Step ST2 illustrated in FIG. 11, the
live-display using the convex sectional images is performed,
and the operation at Step ST3 and after is started for the first
frame after switching is performed separately. This also
applies to the linear scan.

First Variation

[0092] In the aforementioned, embodiment, the case
where the second information includes information relating
to the positional relationship between the position P0 of the
sensor and the second scan plane Pb is described, but when
the second information includes the information relating to
the positional relationship between the position Pa of the
first scan, plane and the position Pb of the second scan plane,
even if the second information does not include the infor-
mation relating to the positional relationship between the
position P0 of the sensor and the second scan plane Pb, the
second three-dimensional image data can be generated. In
this case, the image generation circuit 38 generates the
second three-dimensional image data on the basis of the
output of the ultrasonic probe 11 obtained by the ultrasonic
transmission/reception using the linear array 224, the output
of the sensor 23, the first information and the second
information.

Second Variation

[0093] Consider a case where a scan range of the ultra-
sonic transmission/reception using the first piezoelectric
transducer set 22q illustrated in FIG. 6 (convex scan) and a
scan range of the ultrasonic transmission/reception using the
second piezoelectric transducer set 225 illustrated in FIG. 8
(linear scan) are overlapped. In that case, the image genera-
tion circuit 38 (illustrated in FIG. 4) can generate a sectional
image corresponding to an arbitrary section for which a
display request is received, as an MPR image by generating
any one of the first three-dimensional image data based on
the convex scan and the second three-dimensional image
data based on the linear scan and by applying the three-
dimensional image processing to that. However, a method
for generating a display-requested sectional image is not
limited to that case.
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[0094] For example, the image generation circuit 38 can
generate a display-requested sectional image by using at
least a part of the convex sectional images from the first,
frame to the m-th frame (ST7 in FIG. 11), and at least a part
of the linear sectional images from the first frame to the n-th
frame (ST27 in FIG. 12), that is, by selectively using the
both sectional images before interpolation.

[0095] In that case, the image generation circuit 38
acquires a brightness value of each pixel of the display-
requested sectional image from each pixel in accordance
with a distance to each pixel of the convex sectional images
and each pixel of the linear sectional images. Each pixel of
the display-requested sectional image, each pixel of the
convex sectional images and each pixel of the linear sec-
tional images has respective positional information. Thus,
the image generation circuit 38 can employ a brightness
value of a pixel of the convex and linear sectional images,
the pixel being the closest to each pixel of the display-
requested sectional image, as the brightness value of the
each pixel of the display-requested sectional image, or can
employ a brightness value calculated from brightness values
corresponding to respective pixels of the convex and linear
sectional images, the pixels being closer to each pixel of the
display-requested sectional image, as the brightness value of
the each pixel of the display-requested sectional image. The
latter is a simple average value calculated from the bright-
ness values or a weighted average value according to the
distance.

[0096] As described above, when the scan range of the
convex scan and the scan range of the linear scan are
overlapped, a display image can be generated by selectively
using information of either one of the convex sectional
images and the linear sectional images by the unit of a pixel
of the display-requested sectional image. As a result, dete-
rioration of the display image can be suppressed.

Third Variation

[0097] The image generation circuit 38 can also generate
the sectional image corresponding to an arbitrary section for
which display request is accepted, as the MPR image on the
basis of volume data appropriately selected, in accordance
with the arbitrary section, from volume data based on the
convex sectional images (hereinafter referred to as “convex
volume data”) and from volume data based on the linear
sectional images. For example, the image generation circuit
38 generates, when a display request for the sectional image
corresponding to a section in approximate parallel with the
convex sections (illustrated in FIG. 6) is accepted, the
display-requested sectional image on the basis of the convex
volume data. Alternatively, the image generation circuit 38
generates, when a display request for the sectional image
corresponding to a section in approximate parallel with any
of the linear sections (illustrated in FIG. 8) is accepted, the
display-requested sectional image on the basis of the linear
volunie data.

[0098] FIGS. 13A to 13C are diagrams for explaining a
generation example of a sectional image corresponding to a
section for which a display request is accepted.

[0099] FIG. 13A illustrates an X'Y" section C1 and a Y'Z!
section C2 when sections for which a display request is
accepted are orthogonal 3 sections. The X'Y' section C1
illustrated in FIG. 13A is approximate parallel with the
convex sections illustrated in FIG. Thus, the image genera-
tion circuit 38 can generate the sectional image correspond-
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ing to the X'Y" section C1 from the convex volume data, as
illustrated, in FIG. 138. That is, the image generation circuit
can generate the display-requested sectional image corre-
sponding to the X'Y' section C1 from the convex volume
data based on the convex sectional images approximate
parallel with the X'Y" section C1. Accordingly, it is possible
to reduce the deterioration of the displayed image by the
interpolation processing.

[0100] The Y'Z' section C2 illustrated in FIG. 13A is
approximate parallel with any one of the linear sections
illustrated in FIG. 8. Thus, the image generation circuit 38
can generate the sectional, image corresponding to the Y'Z'
section C2 from the linear volume data, as illustrated in FIG.
13C. That is, the image generation circuit 38 can generate
the display-requested sectional image corresponding to the
Y'Z' section C2 from the linear volume data based on the
linear sectional images approximate parallel with the Y'Z'
section C2. Accordingly, it is possible to reduce the dete-
rioration of the displayed image by the interpolation pro-
cessing.

[0101] The image generation circuit 38 only needs to have
the sectional image corresponding to the remaining Z'X'
section in the orthogonal 3 sections to be a sectional image
based on the convex volume data or the linear volume data
such as an MPR image, for example.

[0102] The case where the sections for which the display
request 1s accepted are the orthogonal 3 sections is described
by using FIGS. 13A to 13C. However, that case is not
limiting. For example, as illustrated in FIG. 8, the linear
sections have different rotation angles in a rotating direction
around the Z'-axis. Thus, the image generation circuit 38 can
generate, when a display request for the sectional image
corresponding to a section with an approximate same rotat-
ing angle with the linear section, the sectional image from
linear volume data relating to the linear sections with the
approximate same rotating angle with the display-requested
sectional image. That is, the image generation circuit 38 can
generate the display-requested sectional image from the
linear volume data relating to the linear sections with the
approximate same rotating angle with the display-requested
sectional image. Accordingly, it is possible to reduce the
deterioration of the displayed image by the interpolation
processing.

[0103] As described above, when the scan range of the
convex scan and the scan range of the linear scan are
overlapped, the display-requested sectional image can be
generated, in accordance with the section of the display-
required sectional image, by using appropriate one of the
convex volume data and the linear volume data. As a result,
deterioration of the display image can be suppressed.
[0104] According to at least one of the embodiments of the
ultrasonic diagnostic apparatus and the method for generat-
ing an ultrasonic image described above, when a three-
dimensional image is to be generated on each scan plane of
a multi-plane probe, a three-dimensional image matching
actuality can be provided.

[0105] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; fur-
thermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may
be made without departing from the spirit of the inventions.
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The accompanying claims and their equivalents are intended
to cover such forms or modifications as would fall within the
scope and spirit of the inventions.
What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:
an iutracaritary ultrasonic probe including first piezoelec-
tric transducers performing ultrasonic transmission/
reception along a first scan plane, and including second
piezoelectric transducers performing ultrasonic trans-
mission/reception along a second scan plane different
from the first scan plane;
a memory circuit configured to store first information
relating to a positional relationship between a position
of a sensor attached on the ultrasonic probe and a
position of the first scan plane, and to store second
information relating to a positional relationship
between a position of the sensor and a position of the
second scan plane; and
a generation circuit configured to generate first three-
dimensional image data based on an output of the
ultrasonic probe obtained by the ultrasonic transmis-
sion/reception using the first piezoelectric transducers,
an output of the sensor and the first-information, and to
generate second three-dimensional image data based on
an output of the ultrasonic probe obtained by the
ultrasonic transmission/reception using the second
piezoelectric transducers, an output of the sensor, and
the second information.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein
the generation circuit is configured to:
read out the first information from the memory circuit
when a request for generating three-dimensional
image data using the first piezoelectric transducers is
accepted; and
read out the second information from the memory
circuit when a request for generating the three-
dimensional image data using the second piezoelec-
tric transducers is accepted.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein
the first scan plane and the second scan plane are in a
crossing relationship.
4. The ultrasonic diagnostic apparatus according to claim
3, wherein
the first piezoelectric transducers are arranged on a plane
orthogonal to van axis of a probe body of the ultrasonic
probe and along an arc direction around the axis; and
the second piezoelectric transducers are arranged in par-
allel with the axis.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein
the generation circuit is configured to:
generate a sectional image on the basis of an output of
the ultrasonic probe; and
generate the first three-dimensional image data or the
second three-dimensional image data by synthesiz-
ing the sectional images generated for timings on the
basis of an output of the sensor corresponding to
each timing and the first information or the second
information.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein
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the sensor is used both in scan using the first piezoelectric
transducers and in scan using the second piezoelectric
transducers.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein
the second information includes information relating to a
positional relationship between a position of the first
scan plane and a position of the second scan plane; and
the generation circuit is configured to generate the second
three-dimensional image data based on an output of the
ultrasonic probe obtained by ultrasonic
transmission/reception using the second piezoelectric trans-
ducers, an output of the sensor, the first information, and the
second information.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein
the generation circuit is configured to:
generate first sectional images relating to the first scan
plane on the basis of an output of the ultrasonic probe
obtained by ultrasonic transmission/reception using
the first piezoelectric transducers, an output of the
sensor, and the first information;
generate second sectional images relating to the second
scan plane on the basis of the output of the ultrasonic
probe obtained by the ultrasonic transmission/recep-
tion using the second piezoelectric transducers, the
output of the sensor, and the second information; and
generate a sectional image corresponding to a section
for which a display request has been accepted by
using at least a part of the first sectional images and
at least a part of the second sectional images.
9. The ultrasonic diagnostic apparatus according to claim
8, wherein
the generation circuit is configured to acquire a brightness
value of each pixel of the sectional image correspond-
ing to the display-requested section from the each pixel
in accordance with a distance to each pixel of the first
and second sectional images.
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10. The ultrasonic diagnostic apparatus according to
claim 1, wherein

the generation circuit is configured to generate, when a

display request for a sectional image corresponding to
a section in parallel with the first scan plane is accepted,
the display-requested sectional image based on the first
three-dimensional image data.

11. The ultrasonic diagnostic apparatus according to claim
10, wherein

the generation circuit is configured to generate, when a

display request for a sectional image corresponding to
a section in parallel with the second scan plane is
accepted, the display-requested sectional image based
on the second three-dimensional image data.

12. A method for generating an ultrasonic image using an
ultrasonic diagnostic apparatus including (A) an intracari-
tary ultrasonic probe including first piezoelectric transducers
performing ultrasonic transmission/reception along a first
scan plane, and including second piezoelectric transducers
performing ultrasonic transmission/reception along a second
scan plane different from the first scan plane, and (B) a
memory circuit configured to store first information relating
to a positional relationship between a position of a sensor
attached on the ultrasonic probe, and to store a position of
the first scan plane and second information relating to a
positional relationship between a position of the sensor and
a position of the second scan plane, the method comprising:

generating first three-dimensional image data based on an

output of the ultrasonic probe obtained by the ultra-
sonic transmission/reception using the first piezoelec-
tric transducers, an output of the sensor, and the first
information; and

generating second three-dimensional image data based on

an output of the ultrasonic probe obtained by the
ultrasonic transmission/reception using the second
piezoelectric transducers, an output of the sensor, and
the second information.
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