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(57) ABSTRACT

An ultrasonic diagnostic apparatus according to a present
embodiment includes: a transmitting and receiving circuit
configured to transmit an ultrasonic wave to an ultrasonic
probe and receive a signal based on the ultrasonic wave
received by the ultrasonic probe; a generation circuit con-
figured to generate multiple 2D image data in a chronologi-
cal order based on the signal; an acquisition circuit config-
ured to acquire multiple positional data of the ultrasonic
probe; a memory circuit; a processing circuit configured to
perform processing in such a manner that the multiple 2D
image data arranged in the memory circuit according to the
multiple positional data fit inside a memory space of the
memory circuit; and a volume generation circuit configured
to generate volume data in the memory space based on the
processed multiple 2D image data.

33

DIRECTION

|‘I‘ [—-—'.__.____-lﬂ

END
POINT

START
POINT




Patent Application Publication Nov. 30,2017 Sheet 1 of 15 US 2017/0340312 A1

10
34
WAIN BODY
] 2
| TRANSMITTING AND | o
RECEIVING CIRCUIT 2D IMAGE
GENERATION CIRCUIT
ULTRASONIC 11 o4 93
PROBE ) L
13 POSITIONAL DATA 23[§E§?$Y
SENSOR ACQUISITION
CIRCUIT
2 25 ’
HAGNETIC POSITIONAL DATA
FIELD ASSOGIATING PROCESSING
TRANSMITTER CIRGUIT CIRCUIT
30 27
CONTROL L Pt
CIRCUITRY VOLUME GENERATION
> CIRCUIT
_31
INTERNAL ~28
MEMORY CIRCUIT .| 3D MEMORY
CIRCUIT
32
29
INPUT CIRGUIT |le— 5 INAGE
GENERATION CIRGUIT
33
DISPLAY

FIG. 1



Patent Application Publication Nov. 30,2017 Sheet 2 of 15 US 2017/0340312 A1

13

1D ARRAY PROBE 11



US 2017/0340312 A1

Nov. 30,2017 Sheet 3 of 15

Patent Application Publication

g¢ ol

Viva 3OVHI 42 3dILTNN VIva J9VRI 42 341NN
Q3L9313S-NON @3.103T3S-NON
INTOd INIOd
N3 fR:LARY

yiva J0vil Q¢
FdILINW 44193138

L1IN3UT0 AdOWIN ¢ NI
(24018 VIVa J0YWI G2 FTdILTNN

ve D14

INI0d | (INTOd _
T_,m TEL 1R — ]

NO1LO3410
Hld30 -

~




US 2017/0340312 A1

Nov. 30,2017 Sheet 4 of 15

Patent Application Publication

Y1VQ ¥31SVY el

¥ 914

ST1dHVS
1A

\\\\
y ]
\\ N
\\ //
“\ N
%
7%
4%
2222277 oo
s LS LS
pAV NS
77777777
(30YdS AUOWIN 0)
Y1¥a JWNT0A

<—

Yivd ¥41Svd 00¢

Yiva JOVHI Q¢

S31dWYS
¥eol



Patent Application Publication Nov. 30,2017 Sheet 5 of 15 US 2017/0340312 A1

ROTATION SWEEP
(TOP VIEW)
FIG. 5E

mém — o
o — " LD g e Lo
R ——— - i
E\G S —— S
& L 5—7/; L
>
& <C Sco -
2 A oy
5 LL %E L




US 2017/0340312 A1

Nov. 30,2017 Sheet 6 of 15

Patent Application Publication

49 914

136 viva |
J9VRT ¢

\_JOVdS

A4OWIW de

20YdS AYOWIW a€ 3JAISNI L14 ol a3ond3y

S1 13S VIVQ 3BV a2 N3HM 31dWvX3

138 VIvQd_

e

JOYWI Q¢

[™_30VdS
AHOWIW Q€

30VdS AYOWW @€ 3CISNI L1d4 LON 5304

138 v1va 39VINI 42 40 L¥Vd NIHM F1dAvX4



Patent Application Publication Nov. 30,2017 Sheet 7 of 15 US 2017/0340312 A1

3w
%W
- =
\
(am
z ~
= .
s o
L
ﬂ///;
<
> L]
. <
- L




Patent Application Publication Nov. 30,2017 Sheet 8 of 15 US 2017/0340312 A1

FRAME (821 FRAMES)

300 FRAMES

F16.8



US 2017/0340312 A1

Nov. 30,2017 Sheet 9 of 15

Patent Application Publication

g6 914

ey
S

~,
~

FOVIL ¢

Sl
el
ST

X
z
A
—H
13§ VIva___
~_30Vds JOVHI d¢
AYOWIN Q€

A0¥dS AMOW3W 0€ 3QISNI 114 Ol
Q3ONVYHO-NOTLV.INITHO

SI 13S VLvQ 39YAI a2 N3HM 37dWvX3d

— W7

——HH

™ 30VdS
AUOW3N ag

J0VdS AYOWIN a¢ 3AISNI 114 LON $304
135 vV1VQ 39YWI 0 40 ldvd NIHK 31dWvX4



US 2017/0340312 A1

Nov. 30,2017 Sheet 10 of 15

J01 914

»
-

59

o 77N

SN 1/

J0¥dS
AHOWIW Q%

F0vdS AHOWAW 0 0L 193dS3Y HLIM 371S F1VIHOUddY
39 01 ONV 30VdS AHOWIW (¢ JAISNI Lld Ol 03DN03Y ONV
QIONVHO-NOILYINIINO SI 138 V1VQ 39K d¢ NaHM F1dWvX3

VOl 914

Patent Application Publication

- Qx\b /
k Z X Z
138 viva___ 138 vivd ! )
30VH1 02 v L@ / aaERRRES 10vds
AYONIH QT n AHOWIN Q¢
30¥dS AMOW3W € 3AISNI LId 0L a3ondy - J0VdS AMOWIW a¢ 3JAISNI LI4 LON 5300
ST 138 v1vVq J9YHI G7 NIHM J1dHvX3 138 V1va F0VHI (2 40 1dYd N3HM FdMvXd



Patent Application Publication Nov. 30,2017 Sheet 11 of 15  US 2017/0340312 A1

FIG. 11C

Zc
G
FIG. 11B

Yc

/
7

\
FIG. 11A

L

—
FGS

2D INAGE fATA SET
FIG. 11D



Patent Application Publication Nov. 30,2017 Sheet 12 of 15 US 2017/0340312 A1

{ START )
ST

PERFORM DATA AGQUISITION
FOR MULTIPLE FRAMES

_ST2
GENERATE MULTIPLE 2D IMAGE DATA

_ST3
ACQUIRE MULTIPLE POSITIONAL DATA

ST4

ATTACH POSITIONAL DATA
TO 2D IMAGE DATA

~STh

DOES 2D IMAGE DATA SET FIT  \ YES
INSIDE 3D MEMORY SPAGE? /

o sy ST6
PERFORM REDUGTION PROGESSING GENERATE VOLUNE DATA

AST8

GENERATE VOLUME DATA

ST9

GENERATE 3D IMAGE DATA
_ST10

DISPLAY 3D IMAGE

END

FIG. 12



Patent Application Publication Nov. 30,2017 Sheet 13 of 15  US 2017/0340312 A1l

2D IMAGE DATA SET

Sy

Fe2 Fe3

FIG. 13



Patent Application Publication Nov. 30,2017 Sheet 14 of 15 US 2017/0340312 A1

5l
CONTROL
CIRGUITRY
52
INTERNAL
MEMORY CIRGUIT _b4
DISPLAY
53
INPUT GIRCUIT 5B
CONMUNICATION
>| CONTROL CIRCUIT
56
2D MEMORY | _
CIRCUIT 51
3 3D MEMORY
“CIRCUIT




56

Patent Application Publication

Nov. 30,2017 Sheet 15 of 15

—

2D MEMORY
CIRCUIT

CONTROL GIRCUITRY

k1

57

3D MEMORY
GIRCUIT

PROCESSING
FUNCTION

US 2017/0340312 A1

_53

62

VOLUME
GENERAT 10N
FUNCTION

63

¥

3D IMAGE
GENERATION

INPUT CIRCUIT

_54

FUNCTION

3

FIG. 15

DISPLAY




US 2017/0340312 Al

ULTRASONIC DIAGNOSTIC APPARATUS
AND MEDICAL IMAGE PROCESSING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-105402, filed on May 26, 2016, and Japanese Patent
Application No. 2017-25041, filed on Feb. 14, 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
medical image processing apparatus.

BACKGROUND

[0003] In the medical field, an ultrasonic diagnostic appa-
ratus is used for imaging the inside of a subject using
ultrasonic waves generated by multiple transducers (piezo-
electric transducers) of an ultrasonic probe. The ultrasonic
diagnostic apparatus causes the ultrasonic probe, which is
connected to the ultrasonic diagnostic apparatus, to transmit
ultrasonic waves into the subject, generates a received signal
based on a reflected wave, and obtains a desired ultrasonic
image by image processing.

[0004] An operator may acquire multiple 2D image data in
a chronological order while moving the ultrasonic probe,
and may also acquire multiple positional data of the ultra-
sonic probe. In this case, the ultrasonic diagnostic apparatus
arranges the multiple 2D image data based on the respective
multiple positional data and three-dimensionally recon-
structs the image data, to thereby generate and display 3D
image data.

[0005] A problem to be solved by the invention is to
provide an ultrasonic diagnostic apparatus and a medical
image processing apparatus which are capable of improving
diagnostic capabilities using a 3D image to be displayed
based on the multiple 2D image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In accompanying drawings,

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

[0008] FIG. 2 is a diagram for explaining scanning sur-
faces of an ultrasonic probe;

[0009] FIGS. 3A and 3B are diagrams each showing an
example of a method for selecting arbitrary multiple 2D
image data;

[0010] FIG. 4 is a diagram showing a relationship between
a 3D memory space and the volume data;

[0011] FIGS. 5A to 5E are diagrams showing types of
sweep formats used by the ultrasonic probe;

[0012] FIGS. 6A and 6B are conceptual diagrams each
showing a reduction processing performed by a processing
circuit;

[0013] FIGS. 7A and 7B are diagrams for explaining a
reduction ratio for a 2D image data set;

[0014] FIG. 8 is a diagram for explaining a reduction
processing in a Z-axis direction of the 3D memory space;
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[0015] FIGS. 9A and 9B are conceptual diagrams showing
an orientation change processing performed by the process-
ing circuit;

[0016] FIGS. 10A to 10C are conceptual diagrams show-
ing a combined processing of orientation change processing
and reduction processing performed by the processing cir-
cuit;

[0017] FIGS. 11A to 11D are diagrams for explaining a
method for setting an orientation for the 2D image data set
in the combined processing;

[0018] FIG. 12 is a flowchart showing an operation of the
ultrasonic diagnostic apparatus;

[0019] FIG. 13 is a diagram showing spaced multiple 2D
image data in the 2D image data set;

[0020] FIG. 14 is a schematic diagram showing a configu-
ration of a medical image processing apparatus according to
a present embodiment; and

[0021] FIG. 15 is a block diagram showing functions of
the medical image processing apparatus according to the
present embodiment.

DETAILED DESCRIPTION

[0022] An ultrasonic diagnostic apparatus and a medical
image processing apparatus according to a present embodi-
ment will be described with reference to the accompanying
drawings.

[0023] The ultrasonic diagnostic apparatus according to
the present embodiment includes: a transmitting and receiv-
ing circuit configured to transmit an ultrasonic wave to an
ultrasonic probe and receive a signal based on the ultrasonic
wave received by the ultrasonic probe; a generation circuit
configured to generate multiple 2D image data in a chrono-
logical order based on the signal; an acquisition circuit
configured to acquire multiple positional data of the ultra-
sonic probe; a memory circuit; a processing circuit config-
ured to perform processing in such a manner that the
multiple 2D image data arranged in the memory circuit
according to the multiple positional data fit inside a memory
space of the memory circuit; and a volume generation circuit
configured to generate volume data in the memory space
based on the processed multiple 2D image data.

1. Ultrasonic Diagnostic Apparatus According to a
Present Embodiment

[0024] FIG. 1 is a schematic diagram showing a configu-
ration of an ultrasonic diagnostic apparatus according to a
present embodiment.

[0025] FIG. 1 shows an ultrasonic diagnostic apparatus 10
according to the present embodiment. The ultrasonic diag-
nostic apparatus 10 includes an ultrasonic probe 11, a
magnetic field transmitter 12, a sensor 13, and a main body
14. Note that only the main body 14 may be referred to as
the ultrasonic diagnostic apparatus. In this case, the ultra-
sonic diagnostic apparatus is connected to the ultrasonic
probe, the magnetic field transmitter, and the sensor which
are provided outside of the ultrasonic diagnostic apparatus.
[0026] The ultrasonic probe 11 transmits an ultrasonic
wave to a subject (for example, a patient) or receives an
ultrasonic wave from the subject. The ultrasonic probe 11
brings the front surface thereof into contact with the surface
of the subject to transmit an ultrasonic wave to the subject
or receive an ultrasonic wave from the subject. The ultra-
sonic probe 11 includes small transducers (piezoelectric
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elements) that are one-dimensionally (1D) or two-dimen-
sionally (2D) arranged at a tip end of the ultrasonic probe.
Fach of the transducers is an electroacoustic conversion
element and has a function of converting an electric pulse
into an ultrasonic pulse during transmission and converting
a reflected wave into an electric signal (received signal)
during reception.

[0027] The ultrasonic probe 11 is formed to have a small
size and a light weight, and is connected to the main body
14 through a cable. Examples of the type of the ultrasonic
probe 11 include a 1D array probe, a mechanical 4D probe,
and a 2D array probe. The 1D array probe has a configu-
ration in which transducers are one-dimensionally arranged.
In this case, the 1D array probe also includes a configuration
in which a small number of transducers are arranged in an
elevation direction.

[0028] FIG. 2 is a diagram for explaining scanning sur-
faces of the ultrasonic probe 11.

[0029] FIG. 2 shows a movement of a scanning surface P
when the operator manipulates and moves the 1D array
probe as the ultrasonic probe 11. In this case, the positions
of the sensor 13 and the scanning surface P are both fixed
with respect to the 1D array probe 11. Accordingly, the
conversion of a geometric positional relationship from the
sensor 13 to the scanning surface P makes it possible to
obtain positional data of the scanning surface P from the
positional data of the sensor 13. The operator moves the 1D
array probe 11 in a direction intersecting with the scanning
surface P, thereby performing a so-called three-dimensional
scanning. Examples of the movement of the 1D array probe
11 include a parallel movement, tilting, and rotation, and the
same applies in the following description.

[0030] Referring again to FIG. 1, the magnetic field trans-
mitter 12 is disposed in the vicinity of the ultrasonic probe
11 so that the sensor 13 fits inside an effective range of a
magnetic field generated from the magnetic field transmitter
12. The magnetic field transmitter 12 generates the magnetic
field by the control of the main body 14.

[0031] The sensor 13 detects multiple positional data of
the ultrasonic probe 11 in a chronological order and outputs
the multiple positional data to the main body 14. The sensor
13 is divided into two types, i.¢., a sensor that is attached to
the ultrasonic probe 11 and a sensor that is provided sepa-
rately from the ultrasonic probe 11. The latter type is an
optical sensor which photographs feature points of the
ultrasonic probe 11 to be measured from multiple positions,
and detects each position of the ultrasonic probe 11 accord-
ing to the principle of triangulation. A case where the former
type is used as the sensor 13 will be described below.
[0032] The sensor 13 is attached to the ultrasonic probe 11,
detects the positional data of the sensor 13 itself, and outputs
the detected positional data to the main body 14. The
positional data of the sensor 13 can also be regarded as
positional data of the ultrasonic probe 11. The positional
data of the ultrasonic probe 11 includes a position and a
posture (inclination) of the ultrasonic probe 11. For example,
the magnetic field transmitter 12 sequentially transmits
triaxial magnetic fields and the sensor 13 sequentially
receives the magnetic fields, thereby making it possible to
detect the posture of the ultrasonic probe 11. The sensor 13
may be a so-called 9-axis sensor including at least one of a
triaxial gyroscopic sensor for detecting a triaxial angular
velocity in a three-dimensional space, a triaxial acceleration
sensor for detecting a triaxial acceleration in a three-dimen-
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sional space, and a triaxial geomagnetic sensor for detecting
atriaxial terrestrial magnetism in a three-dimensional space.
[0033] The main body 14 includes a transmitting and
receiving circuit 21, a 2D image generation circuit 22, a 2D
memory circuit 23, a positional data acquisition circuit 24,
a positional data associating circuit 25, a processing circuit
26, a volume generation circuit 27, a 3D memory circuit 28,
a 3D image generation circuit 29, control circuitry 30, an
internal memory circuit 31, an input circuit 32, and a display
33. The transmitting and receiving circuit 21, the 2D image
generation circuit 22, the positional data acquisition circuit
24, the positional data associating circuit 25, the processing
circuit 26, the volume generation circuit 27, and the 3D
image generation circuit 29 are composed of a field pro-
grammable gate array (FPGA) or the like.

[0034] The transmitting and receiving circuit 21 transmits
an ultrasonic wave to the ultrasonic probe 11 according to a
control signal from the control circuitry 30, and receives a
signal (received signal) based on the ultrasonic wave
received by the ultrasonic probe. The transmitting and
receiving circuit 21 includes a transmission circuit which
generates a drive signal for causing the ultrasonic probe 11
to radiate a transmitter pulse, and a reception circuit which
performs phasing addition on the received signal from the
ultrasonic probe 11.

[0035] The transmission circuit includes a rate pulse gen-
erator, a transmission delay circuit, and a pulser. The rate
pulse generator generates a rate pulse for determining a
repetition cycle of a transmitter pulse by dividing a continu-
ous wave or a rectangular wave supplied from a reference
signal generation circuit, and supplies the rate pulse to the
transmission delay circuit. The transmission delay circuit is
composed of a number of independent delay circuits corre-
sponding to the number of transducers used for transmis-
sion. The transmission delay circuit provides the rate pulse
with a delay time for focusing the transmitter pulse at a
predetermined depth so as to obtain a fine beam width in the
transmission, and with a delay time for radiating the trans-
mitter pulse in a predetermined direction, and supplies the
rate pulse to the pulser. The pulser includes an independent
drive circuit and generates a drive pulse for driving the
transducers incorporated in the ultrasonic probe 11 based on
the rate pulse.

[0036] The reception circuit of the transmitting and receiv-
ing circuit 21 includes a pre-amplifier, an analog-to-digital
(A/D) conversion circuit, a reception delay circuit, and an
addition circuit. The pre-amplifier secures a sufficient S/N
by amplifying small signals converted into electric received
signals by the transducers. The received signal amplified to
a predetermined size by the pre-amplifier is converted into
a digital signal by the A/D conversion circuit and is trans-
mitted to the reception delay circuit. The reception delay
circuit provides the received signal output from the A/D
conversion circuit with a convergence delay time for focus-
ing a reflected wave from the predetermined depth and with
a deflection delay time for setting a reception directivity in
the predetermined direction. The addition circuit performs
phasing addition (addition by matching the phases of
received signals obtained in the predetermined direction) on
the received signals from the reception delay circuit.
[0037] The 2D image generation circuit 22 generates
multiple 2D image data in a chronological order, i.e., 2D
image data in multiple frames, based on the received signals
received from the reception circuit of the transmitting and
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receiving circuit 21 according to the control signal from the
control circuitry 30. Examples of the type of the multiple 2D
image data include B-mode image data, color mode image
data, and application mode image data such as electrogra-
phy.

[0038] Examples of the form of the multiple 2D image
data include raw data composed of multiple raster data in the
scanning surface P (shown in FIG. 2) corresponding to a
certain time phase, and SC data obtained by performing scan
conversion (SC) processing on raw data. A case where each
piece of the multiple 2D image data is SC data obtained by
performing scan conversion processing on raw data will be
described below.

[0039] The 2D memory circuit 23 is a memory circuit
including multiple memory cells that correspond to multiple
frames and are formed in two axial directions for each
frame. The 2D memory circuit 23 stores the multiple 2D
image data, generated by the 2D image generation circuit 22,
in a chronological order. Since the ultrasonic probe 11 is
manipulated and moved by the operator, the multiple 2D
image data arranged in a chronological order are data
located at multiple positions. When each piece of the mul-
tiple 2D image data is raw data, time data associated with the
acquisition for raster data is attached to raster data, included
in each piece of the multiple raw data, by a system timer.

[0040] The positional data acquisition circuit 24 controls
the magnetic field transmitter 12 to cause the magnetic field
transmitter 12 to transmit a magnetic field, and acquires
multiple positional data of the ultrasonic probe 11 from the
sensor 13, in a chronological order. The positional data
acquisition circuit 24 acquires the multiple positional data,
each piece of the multiple positional data corresponding to
the 2D image data, i.e., to the scanning surface for the
multiple 2D image data. The positional data of the scanning
surface includes the position and the posture of the scanning
surface.

[0041] It is possible for the positional data acquisition
circuit 24 to convert the multiple positional data of the
sensor 13 into the multiple positional data of the scanning
surfaces for the multiple 2D image data, based on the
geometric positional relationship to each point of the scan-
ning surface for the 2D image data.

[0042] The positional data associating circuit 25 associ-
ates the multiple positional data acquired by the positional
data acquisition circuit 24 with the respective multiple 2D
image data generated by the 2D image generation circuit 22.
The positional data associating circuit 25 compares time
data, attached to each piece of the multiple 2D image data,
with time data, attached to each of the multiple positional
data, and associates positional data, having a time that is
closest to, immediately before, or immediately after a time
of each piece of the multiple 2D image data, with the 2D
image data. In this case, when each piece of the multiple 2D
image data is raw data, the time of each piece of the multiple
raw data may be a time attached to the first piece of the raster
data among the multiple raster data comprising the each
piece of the multiple raw data, a time attached to the center
raster data, or an average time of the multiple raster data.

[0043] The method for matching the time of the multiple
2D image data with the time of the multiple positional data
is not limited to the above method. For example, the
positional data may be associated with the corresponding
piece of multiple 2D image data by synchronizing the
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acquisition for positional data by the sensor 13 and the
positional data acquisition circuit 24 with the acquisition for
2D image data.

[0044] The positional data associating circuit 25 can attach
the multiple positional data to the respective multiple 2D
image data so that the multiple positional data are associated
with the respective multiple 2D image data. For example,
the positional data associating circuit 25 writes the posi-
tional data into a header, a footer, or the like of each piece
of the multiple 2D image data. The multiple 2D image data
to which the respective multiple positional data is attached
is stored in the 2D memory circuit 23.

[0045] In another alternative, the positional data associat-
ing circuit 25 may write the 2D image data and the positional
data into a correspondence table so that the positional data
is associated with each piece of the multiple 2D image data.
A case where the positional data is attached to each piece of
the multiple 2D image data so that the positional data is
associated with each piece of the multiple 2D image data
will be described below by way of example.

[0046] The processing circuit 26 performs processing in
such a manner that the multiple 2D image data arranged in
the 3D memory circuit 28 according to the multiple posi-
tional data fit substantially inside the memory space of the
3D memory circuit 28. In this case, the processing is one of:
(1) processing in such a manner that all the multiple 2D
image data stored in the 2D memory circuit 23 fit inside the
memory space of the 3D memory circuit 28; and (2) pro-
cessing in such a manner that all the multiple 2D image data
selected from the multiple 2D image data stored in the 2D
memory circuit 23 fit inside the memory space of the 3D
memory circuit 28.

[0047] In the above-mentioned case (2), the multiple 2D
image data stored in the 2D memory circuit 23 include
selected multiple 2D image data and non-selected one or
more pieces of 2D image data (shown in FIG. 3B). In the
above-mentioned case (2), the non-selected 2D image data
does not necessarily fit inside the memory space of the 3D
memory circuit 28 depending on the processing. Further, in
the above-mentioned case (2), the processing circuit 26
displays the multiple 2D image data stored in the 2D
memory circuit 23 on the display 33 as multiple 2D images,
and selects arbitrary multiple 2D image data from the
displayed multiple 2D images according to an operation
signal from the input circuit 32 to be described later.
[0048] FIGS. 3A and 3B are diagrams each showing an
example of a method for selecting arbitrary multiple 2D
image data.

[0049] As shown in FIG. 3A, the stored multiple 2D image
data are displayed on the display 33 as multiple 2D images
(tomographic images) in a state where the multiple 2D
image data are superimposed in a depth direction. The
multiple 2D images to be displayed are based on SC data
obtained after scan conversion processing is performed on
raw data. A scroll bar including a bar indicating the position
(frame) of the forefront 2D image data among the stored
multiple 2D image data is also displayed on the display 33.
[0050] The operator fixes a start point (start frame) and an
end point (end frame) of a selected width by using a track
ball and a hardware button as the input circuit 32 (shown in
FIG. 1).

[0051] Specifically, the operator manipulates the track ball
to scroll the multiple 2D images in the depth direction,
thereby changing the 2D image displayed on the forefront.
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When the operator determines that the 2D image displayed
on the forefront of the display 33 is appropriate as a start
point, the operator presses the hardware button to fix the
start point. After that, the operator manipulates the track ball
to scroll the multiple 2D images in the depth direction,
thereby changing the 2D image displayed on the forefront.
When the operator determines that the 2D image which is
newly displayed on the forefront of the display 33 after
scrolling is appropriate as an end point, the operator presses
the hardware button to fix the end point. FIG. 3B shows the
concept of the multiple 2D image data selected based on the
start point and the end point which are fixed in the manner
described above.

[0052] The selection method is not limited to the above
selection method. For example, the operator may fix the start
point and the end point of the selected width by using, as the
input circuit 32, a mouse and the scroll bar and button
displayed on the display 33. In this case, the operator uses
the mouse to slide the bar of the scroll bar on the display 33
and scroll the multiple 2D images in the depth direction,
thereby changing the 2D image displayed on the forefront.
When the operator determines that the 2D image displayed
on the forefront of the display 33 is appropriate as a start
point, the operator uses the mouse to click a “start point”
button on the display 33, thereby fixing the start point. After
that, the operator uses the mouse to slide the bar of the scroll
bar on the display 33 and scroll the multiple 2D images in
the depth direction, thereby changing the 2D image dis-
played on the forefront. When the operator determines that
the 2D image which is newly displayed on the forefront of
the display 33 after scrolling is appropriate as an end point,
the operator uses the mouse to click an “end point” button
on the display 33 and fixes the end point. FIG. 3B shows the
concept of the multiple 2D image data selected based on the
fixed start point and end point.

[0053] Referring again to FIG. 1, the processing circuit 26
performs processing, as a first example of processing, in
which a magnification is calculated in such a manner that
multiple 2D image data to be processed fit substantially
inside the 3D memory space and the multiple 2D image data
to be processed are processed at the calculated magnifica-
tion. Specifically, the processing circuit 26 performs pro-
cessing, as the first example of processing, in which an
enlargement ratio or a reduction ratio is calculated in such a
manner that the multiple 2D image data to be processed fit
substantially inside the 3D memory space, and enlargement
processing or reduction processing is performed on the
multiple 2D image data to be processed at the calculated
enlargement ratio or reduction ratio. Since the reduction
processing will be described below by way of example, the
terms “reduction ratio” and “reduction processing” are here-
inafter used. However, it is not intended to exclude the case
in which the terms “enlargement ratio” and “enlargement
processing” are used. In this case, multiple 2D image data to
be processed are multiple 2D image data (shown in FIG. 3B)
stored in the 2D memory circuit 23, or multiple 2D image
data (shown in FIG. 3B) selected from the multiple 2D
image data stored in the 2D memory circuit 23, and are
hereinafter referred to as a “2D image data set”.

[0054] The processing circuit 26 preferably adopts the
reduction ratio obtained when the 2D image data set fits
inside the 31D memory space and the size (magnitude) of the
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2D image data set is maximum. The reduction processing in
the processing circuit 26 will be described later mainly with
reference to FIGS. 6A to 8.

[0055] The processing circuit 26 performs processing, as
a second example of processing, in which an orientation for
the 2D image data set is calculated in such a manner that the
2D image data set fits substantially inside the 3D memory
space and orientation change processing is performed on the
2D image data set according to the calculated orientation.
When the 2D image data set fits inside the 3D memory space
after the orientation change processing, the processing cir-
cuit 26 may enlarge the 2D image data set so that the size of
the 2D image data set subjected to the orientation change
processing becomes maximum. In other words, the process-
ing circuit 26 may calculate an orientation in which the size
of the 2D image data set becomes maximum, by giving
priority over the size of the 2D image data set. The orien-
tation change processing in the processing circuit 26 will be
described later mainly with reference to FIGS. 9A and 9B.
[0056] The processing circuit 26 performs, as a third
example of processing, a combined processing of orientation
change processing and reduction processing on a 2D image
data set.

[0057] The processing circuit 26 calculates an appropriate
orientation for the 2D image data set, and performs orien-
tation change processing on the 2D image data set according
to the calculated orientation. Subsequently, the processing
circuit 26 calculates a reduction ratio in such a manner that
the 2D image data set subjected to the orientation change
processing fits substantially inside the memory space, and
performs reduction processing on the 2D image data set
subjected to the orientation change processing at the reduc-
tion ratio. The processing circuit 26 preferably adopts a data
set including the reduction ratio at which the size of the 2D
image data set becomes maximum. A combined processing
of orientation change processing and reduction processing in
the processing circuit 26 will be described later mainly with
reference to FIGS. 10A to 11D.

[0058] The volume generation circuit 27 performs three-
dimensional reconstruction for performing interpolation
processing, as needed, on the 2D image data set which is
processed by the processing circuit 26 and is arranged in the
3D memory circuit 28, thereby generating volume data in
the 3D memory circuit 28. A well-known technique is used
as the interpolation processing method. Examples of the
well-known technique include a technique disclosed by
Trobaugh, J. W., Trobaugh, D. J., Richard W. D. “Three-
Dimensional Imaging with Stereotactic Ultrasonography”,
Computerized Medical Imaging and Graphics, 18: 5, 315-
323, 1994 (hereinafter referred to as “Non-Patent Litera-
ture”).

[0059] In the technique disclosed in Non-Patent Litera-
ture, 2D image data corresponding to adjacent two frames
are arranged in a space using positional data, and a pixel
value on a surface between the data is calculated from the
value of a proximal point (pixel) by interpolation such as
nearest neighbor, bilinear interpolation, or bicubic interpo-
lation.

[0060] The volume generation circuit 27 corrects the
acquired multiple positional data in accordance with the
processing result by the processing circuit 26, and generates
volume data, based on multiple 2D image data arranged
according to the corrected multiple positional data, using the
technique disclosed in Non-Patent Literature.
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[0061] The 3D memory circuit 28 is a memory circuit
including multiple memory cells in three axial directions
(X-axis, Y-axis, and z-axis directions). The 3D memory
circuit 28 stores the volume data generated by the volume
generation circuit 27.

[0062] FIG. 4 is a diagram showing a relationship between
the 3D memory space and the volume data.

[0063] A case where a convex scanning system is
employed as the scanning system of the ultrasonic probe 11
will be described by way of example. The 2D image data
shown on the left side of FIG. 4 is raw data, and thus the data
do not have a fan-like form. The raw data includes multiple
raster data, for example, 300 pieces of raster data.

[0064] As shown on the right side of FIG. 4, the volume
data has a raw data format and includes multiple frames in
the depth direction. Each frame of the volume data has a
fan-like form, like SC data. Specifically, when the convex
scanning system is employed, the volume data has a format
like raw data of a linear probe, and includes convex data in
the 3D memory space of the 3D memory circuit 28.
[0065] For example, a value “0” is set in a memory cell
that is outside of the convex shape in the 3D memory space
and includes no data. Since the existing renderer reads raw
data as an input, when the volume data is included in the
format of raw data, the existing renderer can be applied as
it is. In addition, when a data region is formed into a square
shape so as to match the shape of a display region, the data
region can be efficiently secured.

[0066] To facilitate explanation, a region in which data is
actually included in the convex shape and the volume data
is generated is hereinafter referred to as a “2D image data
set” obtained before three-dimensional reconstruction is
performed, and a rectangular parallelepiped region including
the memory cell which indicates “0” and includes no data is
hereinafter referred to as a “3D memory space”. Thus, these
regions are distinguished from each other. In this case, the
number of samples, the number of rasters, and the number
of frames in the 2D image data set are generally different
from those in the 3D memory space. For example, in FIG.
4, the number of samples in the 2D image data set is 1024;
the number of rasters in the 2D image data set is 300; the
number of samples in the 3D memory space is 1024; the
number of rasters in the 3D memory space is 1024; and the
number of frames in the 3D memory space is 300. Assuming
that the data length of one pixel is one byte (1B), the
capacity of the 3D memory space is represented as 300 MB

(1B*1024sample*1024raster*300fr).

[0067] Referring back to FIG. 1, the 3D image generation
circuit 29 performs 3D image processing, such as MPR
(Multi-Planar Reconstruction) processing, volume rendering
processing, surface rendering processing, and MIP (Maxi-
mum Intensity Projection) processing, on the volume data
stored in the 3D memory circuit 28. Further, the 3D image
generation circuit 29 performs 3D image processing on the
volume data, thereby generating 3D image data such as
MPR image data, volume rendering image data, surface
rendering image data, and MIP image data. Furthermore, the
3D image generation circuit 29 displays the 3D image data
on the display 33 as a 3D image.

[0068] The control circuitry 30 means any one of dedi-
cated or general central processing unit (CPU) and a micro
processor unit (MPU), an application specific integrated
circuit (ASIC), and a programmable logic device. The
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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. The control circuitry 30
reads out a program, which is stored in the internal memory
circuit 31 or is directly incorporated into the control circuitry
30, and executes the program, thereby comprehensively
controlling the processing operations of the units 21 to 29
and 31 to 33.

[0069] The control circuitry 30 may be a single processing
circuit or a combination of multiple processing circuit
elements. In the latter case, the internal memory circuit 31
includes multiple memory circuit elements each storing an
element of a program that the control circuitry 30 executes,
and each corresponding to the processing circuit element.

[0070] Alternatively, in the latter case, the internal
memory circuit 31 includes a single memory circuit storing
the program that the control circuitry 30 executes, and
corresponding to the processing circuit element.

[0071] The internal memory circuit 31 is composed of a
semiconductor memory element, such as a RAM (random
access memory) or a flash memory, a hard disk, an optical
disk, or the like. The internal memory circuit 31 may be
composed of a portable medium such as a USB (universal
serial bus) memory, or a DVD (digital video disk). The
internal memory circuit 31 stores various processing pro-
grams (including an application program, as well as an OS
(operating system)) used in the control circuitry 30, and data
necessary for executing the programs. The OS may include
a GUI (graphical user interface) with which basic operations
can be performed by the input circuit 32 by making great use
of graphics for a display of information for the operator on
the display 33.

[0072] The input circuit 32 is a circuit which inputs a
signal from an input device that is operable by the operator.
In this case, the input device itself is included in the input
circuit 32. The input device includes a pointing device (such
as a mouse), a keyboard, a track ball, and various buttons.
When the input device is manipulated by the operator, the
input circuit 32 generates an input signal according to the
manipulation and outputs the input signal to the control
circuitry 30. The main body 14 may include a touch panel
having a configuration in which the input device is inte-
grated with the display 33.

[0073] The input circuit 32 outputs a transmission condi-
tion set by the operator to the control circuitry 30. Examples
of the transmission condition include a center frequency of
an ultrasonic wave transmitted through the ultrasonic probe
11.

[0074] The center frequency varies depending on a sweep
system (linear, convex, sector, etc.), a region to be diagnosed
of a subject, an ultrasonic diagnosis mode (such as B-mode,
Doppler mode, and color Doppler mode), a distance from
the surface of the subject to the region to be diagnosed, or
the like.

[0075] The input circuit 32 includes a button that is
operable by the operator to start data acquisition, a button for
terminating the data acquisition, and a switch for switching
whether or not to perform the process by the processing
circuit 26.

[0076] The display 33 is includes a general display output
device such as a liquid crystal display or an OLED (organic
light emitting diode) display. The display 33 displays, as a
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3D image, the 3D image data generated by the 3D image
generation circuit 29 or the like by the control of the control
circuitry 30.

[0077] The processing performed by the processing circuit
26 will be described with reference to FIGS. 5A to 11D.
FIGS. 5A to 5E are diagrams showing types of sweep
formats used by the ultrasonic probe 11.

[0078] FIGS. 5A to 5E show five types of sweep formats.
In any one of the sweep formats, three-dimensional reduc-
tion processing is performed on the 2D image data set in
such a manner that the 2D image data set fits inside the 3D
memory space of the 3D memory circuit 28.

[0079] The reduction processing performed by the pro-
cessing circuit 26 will be described with reference to FIGS.
6A to 8.

[0080] FIGS. 6A and 6B are conceptual diagrams each
showing the reduction processing performed by the process-
ing circuit 26.

[0081] To facilitate explanation, the 2D image data set is
hereinafter illustrated as an SC data format. Depending on
the relationship between the 3D memory space of the 3D
memory circuit 28 and the size of the 2D image data set, a
part of the 2D image data set arranged according to the
multiple positional data does not fit inside the 3D memory
space in some cases (FIG. 6A). In this case, the volume data
based on the 2D image data set in which a part of the data
is missing is generated. This results in deterioration of
diagnostic capabilities due to the 3D image based on the
volume data.

[0082] Accordingly, when a part of the 2D image data set
does not fit inside of the 3D memory space, the reduction
ratio at which the entire 2D image data set fits inside the 3D
memory space of the 3D memory circuit 28 is calculated,
and three-dimensional reduction processing is performed on
the 2D image data set at the reduction ratio (FIG. 6B). This
allows the entire 2D image data set to fit inside the 3D
memory space. In other words, the 3D image which is based
on the volume data based on the entire 2D image data set can
be displayed, which leads to an improvement in diagnostic
capabilities.

[0083] The reduction ratio in the reduction processing
performed on the 2D image data set will now be described.

[0084] FIGS. 7A and 7B are diagrams for explaining the
reduction ratio for the 2D image data set.

[0085] FIG. 7Ais a front view of the 2D image data set,
and shows an X-Y plane of the 3D memory space. FIG. 7B
is a side view of the 2D image data set and shows a Z-Y
plane of the 3D memory space. In FIGS. 7A and 7B, the
extents of the 2D image data set in the X-axis, Y-axis, and
Z-axis directions in the 3D memory space are defined as Dx,
Dy, and Dz, respectively.

[0086] The reduction processing in the X-Y plane of the
3D memory space will be described with reference to FIG.
7A. Assume that the sample pitch on the X-Y plane (frame
surface) of the 3D memory space is equal to the raster pitch.
For example, if Dx>Dy holds, reduction processing is pet-
formed on the 2D image data set with the same magnifica-
tion in the X-axis and Y-axis directions in such a manner that
Dx is fully extended to the both ends of the raster. In this
case, the size of Dy is smaller than the length in the Y-axis
direction of the 3D memory space so that spaces are formed
above and below Dy. The position of each point of each
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piece of multiple 2D image data on the scanning surface is
converted from the position and posture of the ultrasonic
probe 11 as described above.

[0087] In general, the sample pitch may be different from
the raster pitch, and the reduction processing of Dx may be
performed with a magnification different from that of the
reduction processing of Dy. In this case, Dx may be fully
extended to the both ends of the raster so that the size of Dy
becomes equal to the length in the Y-axis direction of the 3D
memory space.

[0088] FIG. 8 is a diagram for explaining reduction pro-
cessing in the Z-axis direction of the 3D memory space.
[0089] When the frame size (the number of frames) of the
volume data three-dimensionally constructed from multiple
2D image data to be processed that constitute the 2D image
data set exceeds the frame size in the Z-axis direction of the
3D memory space of the 3D memory circuit 28 (as shown
in the upper part of FIG. 8), the frame pitch is widened. The
reduction processing is performed so as to prevent Dz of the
2D image data set (FIG. 7B) from exceeding the frame size
in the Z-axis direction of the 3D memory space. For
example, in the upper part of FIG. 8, when the sample pitch
is 0.146 [mm], the depth is 15 [cm], and the number of
samples is 1024[samples], the frame pitch may be generally
larger than the sample pitch in consideration of a spatial
resolution of an ultrasonic wave, and the frame pitch is not
necessarily smaller than 0.146 [mm].

[0090] In an initial setting, when the length of the volume
data 1s 12 [cm], the frame pitch is 0.146 [mm], and the
number of frames is 821[fr (12 cm/0.146 mm)], the size of
the volume data is 821 [MB
(1B*1024sample*1024raster*8211r)]. In this case, the size
821 [MB] of the volume data exceeds the memory size 300
[MB] of the 3D memory space, and thus the reduction
processing of the 2D image data set is required. Accordingly,
when the reduction processing is performed on the 2D image
data set assuming that the reduction ratio is 300 [MB]/821
[MB](=0.365), the length of the volume data obtained by
three-dimensionally reconstructing the 2D image data set
subjected to the reduction processing is 12 [cm]; the frame
pitch is 0.400 [mm (0.146 [mm]/0.365)]; the number of
frames is 300[fr (8211r*0.365)]; and the size of the volume
data is 300 [MB (1B*1024sample*1024raster*300fr)]. In
other words, the size 300 [MB] of the volume data obtained
by three-dimensionally reconstructing the 2D image data set
subjected to the reduction processing does not exceed the
size 300 [MB] of the memory of the 3D memory space.
[0091] In this manner, the reduction processing in the
Z-axis direction can be performed independently of the
reduction processing in the X-Y plane. In general, the frame
pitch in the Z-axis direction is different from the sample
pitch and the raster pitch in the X-Y plane. However, the
frame pitch, the sample pitch, and the raster pitch may be the
same. In this case, the widest pitch among the three pitches
is adopted.

[0092] As described above, the processing circuit 26 per-
forms the reduction processing on the 2D image data set, so
that the 2D image data set fits inside the 3D memory space
with no missing data, thereby making it possible to provide
an ultrasonic diagnostic apparatus with high diagnostic
capabilities.

[0093] Next, the orientation change processing performed
by the processing circuit 26 will be described with reference
to FIGS. 9A to 9B.
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[0094] FIGS. 9A and 9B are conceptual diagrams showing
the orientation change processing performed by the process-
ing circuit 26.

[0095] Depending on the relationship between the 3D
memory space of the 3D memory circuit 28 and the size of
the 2D image data set, a part of the 2D image data set
arranged according to the multiple positional data does not
fit inside of the 3D memory space in some cases (FIG. 9A).
In this case, the volume data based on the 2D image data set
in which a part of the data is missing is generated. This
results in deterioration of diagnostic capabilities due to the
3D image based on the volume data.

[0096] Accordingly, when a part of the 2D image data set
does not fit inside of the 3D memory space, the orientation
for the 2D image data set is calculated in such a manner that
the 2D image data set fits inside the 3D memory space of the
3D memory circuit 28, and three-dimensional orientation
change processing is performed on the 2D image data set in
the orientation (FIG. 9B). Specifically, an orientation G1 of
the 2D image data corresponding to a head frame included
in the 2D image data set is changed to an orientation G2, to
thereby change the orientation for the 2D image data set. A
position H1 of the 2D image data corresponding to the head
frame in the 3D memory circuit 28 before changing the
orientation is shifted to a position H2 by the orientation
change processing to the orientation G2 in which the 2D
image data set fits inside the 3D memory space of the 3D
memory circuit 28. This allows the entire 2D image data set
to fit inside the 3D memory space. In other words, the 3D
image which is based on the volume data based on the entire
2D image data set can be displayed, which leads to an
improvement in diagnostic capabilities.

[0097] After performing the above-mentioned orientation
change processing, the processing circuit 26 may further
perform the reduction processing on the 2D image data set
subjected to the orientation change processing.

[0098] Next, a combined processing of orientation change
processing and reduction processing performed by the pro-
cessing circuit 26 will be described with reference to FIGS.
10A to 11D.

[0099] FIGS. 10A to 10C are conceptual diagrams show-
ing the combined processing of orientation change process-
ing and reduction processing performed by the processing
circuit 26.

[0100] FIGS. 10A and 10B are identical with FIGS. 6A
and 6B, respectively. When a part of the 2D image data set
does not fit inside of the 3D memory space of the 3D
memory circuit 28, the orientation for the 2D image data set
is appropriately adjusted three-dimensionally, and then
three-dimensional reduction processing is performed so that
the 2D image data set fits inside the 3D memory space (FIG.
10C). Thus, unlike in the case of FIG. 10A, the 2D image
data set fits inside the 3D memory space, and unlike in the
case of FIG. 10B, the spatial resolution is appropriately set.
In other words, since the 3D image based on the volume data
with an appropriate spatial resolution can be displayed based
on the entire 2D image data set, diagnostic capabilities are
further improved.

[0101] The orientation change processing of the 2D image
data set in the combined processing of the orientation
change processing and the reduction processing will now be
described.
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[0102] FIGS. 11A to 11D are diagrams for explaining a
method for setting the orientation for the 2D image data set
in the combined processing.

[0103] FIG. 11A shows 2D image data sets arranged
according to the multiple positional data. From the 2D image
data set, 2D image data Fc in a center frame is selected. For
example, when the 2D image data corresponding to 200
frames are acquired, the center frame is the 100th frame. The
orientation for 2D image data Fc is set as the orientation for
the 2D image data set. Specifically, Xc, Yc, and Z¢ axes of
the 2D image data Fc shown in FIG. 11B are respectively set
as the X-axis, the Y-axis, and the Z-axis of the 2D image data
set, and are respectively set as an X-axis, a Y-axis, and a
Z-axis of the 3D memory space shown in FIG. 11C. There
is no need to match the origins.

[0104] Note that the orientation for the 2D image data set
subjected to the orientation change processing may be
inappropriate due to shaking or the like of the 2D image data
Fc shown in FIG. 11A, for example, in a case where the 2D
image data Fc is obtained when the ultrasonic probe 11 is
unintentionally tilted. In this case, for 2D image data Fcs
(FIG. 11D) corresponding to several frames, for example,
seven frames, in the vicinity of the center frame, the orien-
tations for the respective 2D image data sets are calculated
and a median thereof is set as the orientation for the 2D
image data set.

[0105] As described above, the processing circuit 26
appropriately adjusts the orientation for the 2D image data
set and then performs the reduction processing on the 2D
image data set, so that a vacant space in the 3D memory
space can be reduced and the 3D image data can be
increased. In addition, the spatial resolution of the 3D image
data can be set as high as possible, which leads to a further
improvement in diagnostic capabilities.

[0106] Next, an operation of the ultrasonic diagnostic
apparatus 10 will be described with reference to FIGS. 1 and
12.

[0107] FIG. 12 is a flowchart showing an operation of the
ultrasonic diagnostic apparatus 10. FI1G. 12 illustrates a case
where the processing circuit 26 performs the reduction
processing on the 2D image data set.

[0108] When the button for starting the data acquisition as
the input circuit 32 is pressed by the operator, the transmit-
ting and receiving circuit 21 controls the ultrasonic probe 11
to execute ultrasonic waves transmitting and receiving, and
performs data acquisition for multiple frames (step ST1).
The 2D image generation circuit 22 generates multiple 2D
image data in a chronological order based on the data
acquired in step ST1 (step ST2).

[0109] The positional data acquisition circuit 24 acquires
the multiple positional data of the ultrasonic probe 11 from
the sensor 13, each of the multiple positional data corre-
sponding to each piece of the multiple 2D image data (step
ST3). The positional data associating circuit 25 attaches the
positional data acquired in step ST3 to each piece of the
multiple 2D image data generated in step ST2 (step ST4).
The multiple 2D image data to which the positional data is
attached in step ST4 is stored in the 2D memory circuit 23.
[0110] The processing circuit 26 determines whether or
not the 2D image data set arranged in the 3D memory circuit
28 according to the multiple positional data attached by the
positional data associating circuit 25 fits inside the 3D
memory space of the 3D memory circuit 28 (step ST5). In
step ST5, the processing circuit 26 matches the orientation
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for the 2D image data corresponding to the head frame in the
2D image data set with the orientation for the 3D memory
space, and appropriately arranges the 2D image data corre-
sponding to the subsequent frames. Then, the processing
circuit 26 determines whether or not the 2D image data set
fits inside the 3D memory space. As described above, the 2D
image data set indicates multiple 2D image data to be
processed, multiple 2D image data (shown in FIG. 3B)
stored in the 2D memory circuit 23, or multiple 2D image
data (shown in FIG. 3B) selected from the multiple 2D
image data stored in the 2D memory circuit 23.

[0111] Inthe case of YES in the determination of step ST5,
that is, when it is determined that the 2D image data set fits
inside the 3D memory space of the 3D memory circuit 28,
the volume generation circuit 27 performs three-dimen-
sional reconstruction for performing interpolation process-
ing, as needed, on the 2D image data set arranged in the 3D
memory circuit 28 according to related art, thereby gener-
ating volume data in the 3D memory circuit 28 (step ST6).
[0112] On the other hand, in the case of NO in the
determination of step ST5, that is, when it is determined that
a part of the 2D image data set does not fit inside of the 3D
memory space of the 3D memory circuit 28, the processing
circuit 26 performs the reduction processing on the 2D
image data set (step ST7). The reduction processing in step
ST7 is described above with reference to FIGS. 6A to 8.
[0113] The volume generation circuit 27 performs three-
dimensional processing for performing interpolation pro-
cessing, as needed, on the 2D image data set, which is
subjected to the reduction processing and arranged in the 3D
memory circuit 28, thereby generating volume data in the
3D memory circuit 28 (step ST8).

[0114] The 3D image generation circuit 29 performs the
3D image processing on the volume data generated in the 3D
memory circuit 28 in step ST6 or ST8, thereby generating
3D image data (step ST9). Further, the 3D image generation
circuit 29 displays the 3D image data on the display 33 as a
3D image (step ST10).

[0115] The ultrasonic diagnostic apparatus 10 performs
processing in such a manner that the 2D image data set
arranged in the 3D memory 28 according to the multiple
positional data fits substantially inside the memory space of
the 3D memory circuit 28, thereby making it possible to
improve diagnostic capabilities using a 3D image to be
displayed based on the 2D image data set. Further the
ultrasonic diagnostic apparatus 10 adjusts the orientation for
the 2D image data set and then performs the reduction
processing on the adjusted 2D image data set so as to take
into consideration a spatial resolution, thereby making it
possible to further improve diagnostic capabilities using the
3D image to be displayed based on the 2D image data set.

2. First Modified Example

[0116] As described above with reference to FIG. 4, the
frames in the 3D memory space of the 3D memory circuit 28
are formed into a format like raw data of a linear probe.
However, another method may be employed. That is, the
number of samples in the 3D memory space and the number
of rasters are set to be the same as those of the 2D image data
(raw data), and the frames of the 3D memory space are
treated in the same manner as the 2D image data. This
method has an advantage that the header and footer of 2D
image data can be used as they are. However, in this method,
when the frames of the 3D memory space are read by a

Nov. 30,2017

renderer, for example, the frames are developed into a
convex shape, and the display range is limited to the
developed convex region.

3. Second Modified Example

[0117] The case where the reduction ratio for the 2D
image data set is calculated in the orientation for the 2D
image data set that is determined based on the 2D image data
Fc in the center frame has been described above with
reference with FIG. 11A. Further, the case where the reduc-
tion ratio for the 2D image data set is calculated in the
orientation for the 2D image data set that is determined
based on the 2D image data Fcs in multiple frames including
the center frame has been described above with reference to
FIG. 11D. However, the present invention is not limited to
these cases. The processing circuit 26 may perform the
reduction processing and the orientation change processing
on the 2D image data set based on a minimum reduction
ratio (minimum reduction) and the corresponding orienta-
tion.

[0118] Specifically, the processing circuit 26 determines
multiple orientations for spaced multiple 2D image data in
the 2D image data set. The processing circuit 26 calculates
multiple reduction ratios when the orientation change pro-
cessing is performed on the 2D image data set according to
the multiple orientations. In this case, each reduction ratio
indicates a reduction ratio when the 2D image data set fits
inside the 3D memory space. The processing circuit 26
adopts a minimum value among the multiple reduction ratios
as the reduction ratio, performs the orientation change
processing on the 2D image data set according to an orien-
tation corresponding to the minimum value, and performs
the reduction processing on the 2D image data set at a
reduction ratio corresponding to the minimum value.
[0119] FIG. 13 is a diagram showing spaced multiple 2D
image data in the 2D image data set.

[0120] As shown in FIG. 13, four pieces of spaced 2D
image data Fcl to Fe4 included in the 2D image data set are
set. In four orientations for the 2D image data set that are
determined based on the four pieces of 2D image data Fcl
to Fcd, respectively, four reduction ratios are calculated and
a minimum value among the four reduction ratios is adopted
as the reduction ratio for the 2D image data set. In this case,
the orientation corresponding to the minimum value is
adopted as the orientation for the 2D image data set.
[0121] Thus, since the spatial resolution is taken into
consideration, diagnostic capabilities using the 3D image to
be displayed based on the 2D image data set can be further
improved.

[0122] The processing circuit 26 may perform enlarge-
ment processing and orientation change processing on the
2D image data set based on a maximum enlargement ratio
(maximum enlargement) and the orientation corresponding
to the maximum enlargement ratio. In this case, the pro-
cessing circuit 26 determines multiple orientations for
spaced multiple 2D image data in the 2D image data set. The
processing circuit 26 calculates multiple enlargement ratios
when the orientation change processing is performed on the
2D image data set according to the multiple orientations. In
this case, each enlargement ratio indicates an enlargement
ratio when the 2D image data set fits inside the 3D memory
space. The processing circuit 26 adopts a maximum value
among the multiple enlargement ratios as the enlargement
ratio, performs the orientation change processing on the 2D
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image data set according to the orientation corresponding to
the maximum value, and performs the enlargement process-
ing on the 2D image data set at the enlargement ratio
corresponding to the maximum value.

4. Third Modified Example

[0123] The embodiments described above assume a case
where the reduction processing is performed after the acqui-
sition for 2D image data is finished, to thereby generate and
display volume data. However, the present invention is not
limited to this case. For example, the reduction processing
may be performed while 2D image data are acquired, to
thereby generate and display volume data in real time. In this
case, the processing of the present invention is performed at
each point during acquisition by using the acquired 2D
image data.

[0124] There is a method of updating the processing of the
present invention every time a frame of the 2D image data
is added. However, in order to avoid an increase in load on
the device, there is a simple method of updating the pro-
cessing when the 2D image data falls outside of the frames
in the X-axis, Y-axis, Z-axis directions of the 3D memory
space shown in FIG. 10A. There is a simpler method of
increasing the reduction ratio, without optimizing the reduc-
tion ratio, when the 2D image data falls outside of the frame
in the Z-axis direction, and continuously giving a margin to
the memory in the Z-axis direction.

5. Medical Image Processing Apparatus According
to a Present Embodiment

[0125] FIG. 14 is a schematic diagram showing a configu-
ration of a medical image processing apparatus according to
a present embodiment.

[0126] FIG. 14 shows a medical image processing appa-
ratus 50 according to the present embodiment. The medical
image processing apparatus 50 is, for example, a medical
image management device (image server), which is not
shown, a workstation, or a diagnostic reading terminal,
which is not shown, and is provided on a medical image
system connected via a network. The medical image pro-
cessing apparatus 50 may be an offline device.

[0127] The medical image processing apparatus 50
includes control circuitry 51, an internal memory circuit 52,
an input circuit 53, a display 54, a communication control
circuit 55, a 2D memory circuit 56, and a 3D memory circuit
57.

[0128] The control circuitry 51 has a configuration similar
to that of the control circuitry 30 shown in FIG. 1. The
control circuitry 51 reads out a program which is stored in
the internal memory circuit 52 or is directly incorporated
into the control circuitry 51, and executes the program,
thereby comprehensively controlling the processing opera-
tion of the units 52 to 57.

[0129] The internal memory circuit 52 has a configuration
similar to that of the internal memory circuit 31 shown in
FIG. 1. The internal memory circuit 52 stores various
processing programs used in the control circuitry 51 and
data necessary for executing the programs. The OS may
include a GUI capable of performing basic operations by the
input circuit 53 by making great use of graphics for a display
of information for the operator on the display 54.

[0130] The input circuit 53 has a configuration similar to
that of the input circuit 32 shown in FIG. 1. When the input
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device is manipulated by the operator, the input circuit 53
generates an input signal according to the manipulation and
outputs the input signal to the control circuitry 51. The
medical image processing apparatus 50 may include a touch
panel having a configuration in which the input device is
integrated with the display 54.

[0131] Thedisplay 54 has a configuration similar to that of
the display 33 shown in FIG. 1. The display 54 displays 3D
image data and the like generated by the control of the
control circuitry 51 as a 3D image.

[0132] The communication control circuit 55 includes a
connector using a combination of a parallel connection
specification and a serial connection specification. The com-
munication control circuit 55 has a function capable of
performing a communication control according to the speci-
fications and connecting to a network through a telephone
line. With this configuration, the medical image processing
apparatus 50 is connected to the network.

[0133] The 2D memory circuit 56 has a configuration
similar to that of the 2D memory circuit 23 shown in FIG.
1. The 2D memory circuit 56 stores multiple 2D image data.
The multiple 2D image data are transmitted through the
communication control circuit 55, and positional data is
attached to each piece of the multiple 2D image data.

[0134] The 3D memory circuit 57 has a configuration
similar to that of the 3D memory circuit 28 shown in FIG.
1, and stores the volume data generated by the control
circuitry 51.

[0135] Next, functions of the medical image processing
apparatus 50 according to the present embodiment will be
described.

[0136] FIG. 15 is a block diagram showing functions of
the medical image processing apparatus 50 according to the
present embodiment.

[0137] The control circuitry 51 executes programs, and the
medical image processing apparatus 50 functions as a pro-
cessing function 61, a volume generation function 62, and a
3D image generation function 63. A case where the functions
61 to 63 function as software will be described by way of
example. However, all or some of the functions 61 to 63 may
be provided in the medical image processing apparatus 50 as
hardware.

[0138] The processing function 61 has a function similar
to the function performed by the processing circuit 26 shown
in FIG. 1.

[0139] The volume generation function 62 has a function
similar to the function performed by the volume generation
circuit 27 shown in FIG. 1.

[0140] The 3D image generation function 65 has a func-
tion similar to the function performed by the 3D image
generation circuit 29 shown in FIG. 1.

[0141] The medical image processing apparatus 50 per-
forms processing in such a manner that the 2D image data
set arranged in the 3D memory circuit 57 according to the
positional data fits substantially inside the memory space of
the 3D memory circuit 57, thereby making it possible to
improve diagnostic capabilities using the 3D image to be
displayed based on the 2D image data set. Further, the
medical image processing apparatus 50 adjusts the orienta-
tion for the 2D image data set and then performs the
reduction processing on the adjusted 2D image data set,
while taking into consideration the spatial resolution,
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thereby making it possible to further improve diagnostic
capabilities using the 3D image to be displayed based on the
2D image data set.

[0142] According to the ultrasonic diagnostic apparatus of
at least one of the embodiments described above, it is
possible to improve diagnostic capabilities using a 3D image
to be displayed based on multiple 2D image data.

[0143] 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.
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:

a transmitting and receiving circuit configured to transmit
an ultrasonic wave to an ultrasonic probe and receive a
signal based on the ultrasonic wave received by the
ultrasonic probe;

a generation circuit configured to generate multiple 2D
image data in a chronological order based on the signal;

an acquisition circuit configured to acquire multiple posi-
tional data of the ultrasonic probe;

a memory circuit;

a processing circuit configured to perform processing in
such a manner that the multiple 2D image data arranged
in the memory circuit according to the multiple posi-
tional data fit inside a memory space of the memory
circuit; and

a volume generation circuit configured to generate vol-
ume data in the memory space based on the processed
multiple 2D image data.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein

the processing circuit is configured to calculate one of an
enlargement ratio and a reduction ratio for the multiple
2D image data in such a manner that the multiple 2D
image data fit substantially inside the memory space,
and perform one of enlargement processing and reduc-
tion processing on the multiple 2D image data at the
one of the enlargement ratio and the reduction ratio.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein

the processing circuit is configured to calculate an orien-
tation for the multiple 2D image data in such a manner
that the multiple 2D image data fit substantially inside
the memory space, and perform orientation change
processing on the multiple 2D image data according to
the orientation.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein

the processing circuit is configured to,

calculate an orientation for the multiple 2D image data
and perform orientation change processing on the
multiple 2D image data according to the orientation,
and

calculate one of an enlargement ratio and a reduction
ratio in such a manner that the multiple 2D image
data subjected to the orientation change processing

Nov. 30,2017

fit substantially inside the memory space, and per-
form one of enlargement processing and reduction
processing on the multiple 2D image data subjected
to the orientation change processing at the one of the
enlargement ratio and the reduction ratio.
5. The ultrasonic diagnostic apparatus according to claim
4, wherein
the processing circuit is configured to calculate an otien-
tation for the multiple 2D image data by matching an
orientation for one piece of the multiple 2D image data
among the multiple 2D image data with an orientation
for the memory space.
6. The ultrasonic diagnostic apparatus according to claim
5, wherein
the processing circuit is configured to set 2D image data
corresponding to a center frame selected from the
multiple 2D image data as the one piece of the multiple
2D image data.
7. The ultrasonic diagnostic apparatus according to claim
4, wherein
the processing circuit is configured to calculate an orien-
tation for the multiple 2D image data by matching an
average orientation for orientations for multiple 2D
image data selected from the multiple 2D image data
with an orientation for the memory space.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein
the processing circuit is configured to,
determine multiple orientations for spaced multiple 2D
image data included in the multiple 2D image data
based on the spaced multiple 2D image data,
calculate multiple enlargement ratios when orientation
change processing is performed on the multiple 2D
image data according to the multiple orientations,
and
adopt a maximum value of the multiple enlargement
ratios as the enlargement ratio, perform orientation
change processing on the multiple 2D image data
according to an orientation corresponding to the
maximum value, and perform enlargement process-
ing on the multiple 2D image data at an enlargement
ratio corresponding to the maximum value.
9. The ultrasonic diagnostic apparatus according to claim
1, wherein
the processing circuit is configured to,
determine multiple orientations for spaced multiple 2D
image data included in the multiple 2D image data
based on the spaced multiple 2D image data,
calculate multiple reduction ratios when orientation
change processing is performed on the multiple 2D
image data according to the multiple orientations,
and
adopt a minimum value of the multiple reduction ratios
as the reduction ratio, perform orientation change
processing on the multiple 2D image data according
to an orientation corresponding to the minimum
value, and perform reduction processing on the mul-
tiple 2D image data at a reduction ratio correspond-
ing to the minimum value.
10. The ultrasonic diagnostic apparatus according to
claim 1, further comprising
a 3D image generation circuit configured to generate 3D
image data based on the volume data and display the
3D image data as a 3D image to a display.
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11. The ultrasonic diagnostic apparatus according to claim
10, wherein
the 3D image generation circuit is configured to display
the generated 3D image to the display, while acquiring
the multiple 2D image data.
12. The ultrasonic diagnostic apparatus according to
claim 1, wherein
the acquisition circuit is configured to acquire the multiple
positional data from a sensor attached to the ultrasonic
probe.
13. The ultrasonic diagnostic apparatus according to
claim 1, wherein
the processing circuit is configured to perform processing
in such a manner that all the multiple 2D image data
arranged in the memory circuit according to the mul-
tiple positional data fit inside the memory space.
14. The ultrasonic diagnostic apparatus according to
claim 1, wherein
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the processing circuit is configured to select predeter-
mined multiple 2D image data from the multiple 2D
image data, and perform processing in such a manner
that all the predetermined multiple 2D image data
arranged in the memory circuit according to the mul-
tiple positional data fit inside the memory space.

15. A medical image processing apparatus processing
multiple 2D image data associated with multiple positional
data, respectively, comprising:

a memory circuit; and

control circuitry configured to,

perform processing in such a manner that the multiple
2D image data arranged in the memory circuit
according to the multiple positional data fit inside a
memory space of the memory circuit, and

generate volume data in the memory space based on the
processed multiple 2D image data.
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