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7) ABSTRACT

According to one embodiment, an ultrasonic diagnosis appa-
ratus includes processing circuitry and a display. The pro-
cessing circuitry executes a load process of loading prede-
termined data from volume data stored in other apparatus.
The processing circuitry executes a reconstruction process
of reconstructing volume data from the loaded data. The
processing circuitry executes a registration process in such
a manner as to register the positions of the displayed
ultrasonic image and slice image based on the loaded data.
The processing circuitry executes a control process of con-
trolling, after the registration process, the display in such a

GO1S 15/89 (2006.01) manner as to interlock-display the ultrasonic image and slice
A6IB 8/13 (2006.01) image.
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ULTRASONIC DIAGNOSIS APPARATUS AND
STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
No. 2016-019225, filed on Feb. 3, 2016, and No. 2016-
2223717, filed on Nov. 15, 2016, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnosis apparatus and a storage medium.

BACKGROUND

[0003] Inrecent years, in ultrasonic diagnosis apparatuses,
a fusion function, which executes guide display for an
ultrasonic image, has begun to be used, for example, at a
time of puncture or radio-frequency ablation (RFA) treat-
ment. The fusion function is a function of registering an
ultrasonic image, which is acquired in real time, with a slice
image based on pre-acquired volume data, and interlock-
displaying the ultrasonic image and the slice image.
[0004] In this kind of fusion function, the position and
angle of an ultrasonic probe, which correspond to a currently
displayed ultrasonic image, are acquired by using a trans-
mitter which is disposed on or near the main body of an
ultrasonic diagnosis apparatus, and a sensor (receiver) which
is attached to the ultrasonic probe.

[0005] Subsequently, in the fusion function, for example,
volume data (DICOM (Digital Imaging and Communica-
tions in Medicine) data), which was acquired by other
modality (medical diagnosis apparatus) such as an X-ray
computed tomography (hereinafter referred to as “CT”)
apparatus or a magnetic resonance imaging (hereinafter
“MRI”) apparatus, is loaded in the ultrasonic diagnosis
apparatus. In the fusion function, if a load time has passed,
an MPR (Multi-Planar Reconstruction) image (slice image)
is displayed based on the volume data.

[0006] Thereafter, in the fusion function, an identical cross
section is displayed by searching a common target between
the ultrasonic image and the MPR image, and the position/
angle information relating to an identical position of the
identical cross section is registered. To register the position/
angle information is also called “registration”.

[0007] Then, in the fusion function, with the movement of
the ultrasonic probe, the same cross section as a varying
ultrasonic image can be displayed by the MPR image. In this
fusion function, at a time of puncture or RFA treatment, a
tumor or the like, which is difficult to ascertain by the
ultrasonic image, can be guide-displayed by the MPR image.
[0008] The above-described fusion function has no prob-
lem in usual cases. However, according to the study by the
inventor, there is room for improvement with respect to the
following point.

[0009] For example, in the fusion function, unless all
volume data is loaded, a volume cannot be constructed, and
it is not possible to advance to a subsequent step such as a
target search or registration. Thus, if the load time is long,
a workflow would be hindered. Here, the load time of
volume data has such a characteristic that the load time
becomes longer in proportion to the data amount. In addi-
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tion, with the enhancement in resolution of the medical
diagnosis apparatus in recent years, there is a tendency that
the number of slices of CT data, for instance, increases, and
the data amount increases. It is thus estimated that the load
time of volume data will increase in the future. Therefore,
the fusion function has room for improvement in that the
workflow is hindered due to the load time of volume data.
[0010] The object is to provide an ultrasonic diagnosis
apparatus and a storage medium, which can reduce a hin-
drance to a workflow due to a load time of volume data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is a schematic view illustrating an ultrasonic
diagnosis apparatus according to a first embodiment, and a
peripheral configuration thereof.

[0012] FIG. 2 is a schematic view for describing a position
sensor and a transmitter in the embodiment.

[0013] FIG. 3 is a schematic view for describing a first
load method in the embodiment.

[0014] FIG. 4 is a schematic view for describing a second
load method in the embodiment.

[0015] FIG. 5 is a schematic view for describing a third
load method in the embodiment.

[0016] FIG. 6 is a schematic view for describing a fourth
load method in the embodiment.

[0017] FIG. 7 is a schematic view for describing a varia-
tion of a registration process in the embodiment.

[0018] FIG. 8 is a schematic view for describing a load
process, eftc. in the embodiment.

[0019] FIG. 9 is a schematic view for describing the load
process, etc. in the embodiment.

[0020] FIG. 10 is a flowchart for describing an operation
in the embodiment.

[0021] FIG. 11 is a schematic view for describing the
operation in the embodiment.

[0022] FIG. 12 is a schematic view illustrating an ultra-
sonic diagnosis apparatus according to a second embodi-
ment, and a peripheral configuration thereof.

[0023] FIG. 13 is a schematic view for describing an
operation in the embodiment.

[0024] FIG. 14 is a flowchart for describing the operation
in the embodiment.

[0025] FIG. 15 is a schematic view for schematically
describing the configuration of an ultrasonic diagnosis appa-
ratus according to a third embodiment.

[0026] FIG. 16 is a flowchart for describing an operation
in the embodiment.

[0027] FIG. 17 is a schematic view for schematically
describing the configuration of an ultrasonic diagnosis appa-
ratus according to a fourth embodiment.

[0028] FIG. 18 is a flowchart for describing an operation
in the embodiment.

[0029] FIG. 19 is a schematic view for schematically
describing the configuration of an ultrasonic diagnosis appa-
ratus according to a fifth embodiment.

[0030] FIG. 20 is a flowchart for describing an operation
in the embodiment.

[0031] FIG. 21 is a schematic view illustrating an ultra-
sonic diagnosis apparatus according to a sixth embodiment,
and a peripheral configuration thereof.

[0032] FIG. 22 is a schematic view for describing the
outline of the ultrasonic diagnosis apparatus and a server
apparatus in the embodiment.
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[0033] FIG. 23 is a flowchart for describing an operation
in the embodiment.

DETAILED DESCRIPTION

[0034] In general, according to one embodiment, an ultra-
sonic diagnosis apparatus includes position acquisition cir-
cuitry, processing circuitry and a display.

[0035] The position acquisition circuitry acquires position
information of an ultrasonic probe.

[0036] The processing circuitry executes a load process of
loading predetermined data from volume data stored in other
apparatus.

[0037] The processing circuitry executes a reconstruction
process of reconstructing volume data from the loaded data.
[0038] The display displays in parallel a slice image of the
reconstructed volume data and an ultrasonic image based on
an output of the ultrasonic probe.

[0039] The processing circuitry executes a registration
process in such a manner as to register the positions of the
displayed ultrasonic image and slice image based on the
loaded data.

[0040] The processing circuitry executes a control process
of controlling, after the registration process, the display in
such a manner as to interlock-display the ultrasonic image
and slice image in accordance with the position information.
[0041] Hereinafter, ultrasonic diagnosis apparatuses, etc.
according to embodiments will be described with reference
to the accompanying drawings

First Embodiment

[0042] FIG.11isa schematic view illustrating an ultrasonic
diagnosis apparatus according to a first embodiment, and a
peripheral configuration thereof. FIG. 2 is a schematic view
for describing a position sensor and a transmitter in this
ultrasonic diagnosis apparatus. An ultrasonic diagnosis
apparatus 10 is communicably connected to a server appa-
ratus 30 and a volume data generation apparatus 40 over a
network 50. Incidentally, the ultrasonic diagnosis apparatus
10 may be connected wirelessly, instead of being connected
over the network 50, to the server apparatus 30 and volume
data generation apparatus 40.

[0043] Here, the ultrasonic diagnosis apparatus 10
includes an ultrasonic probe 11, a position sensor 12, a
transmitter 13, and an apparatus main body 14. The appa-
ratus main body 14 includes position acquisition circuitry
15, transmission/reception circuitry 16, image generation
circuitry 17, storage circuitry 18, input interface circuitry 19,
display circuitry 20, network interface circuitry 21, image
DB circuitry 22, and processing circuitry 23.

[0044] The ultrasonic probe 11 includes a piezoelectric
transducer such as piezoelectric ceramics, which functions
as an acoustic/electric reversible conversion element. A
plurality of such piezoelectric transducers are juxtaposed,
and disposed at a distal end of the ultrasonic probe 11.
Incidentally, a description will be given on the assumption
that one piezoelectric transducer constitutes one channel.
The piezoelectric transducer generates ultrasonic, in
response to a driving signal which is supplied from the
transmission/reception circuitry 16. The piezoelectric trans-
ducer generates a reception echo signal, in response to
reception of ultrasonic reflected by a biological tissue of a
subject. The ultrasonic probe may be configured as a
mechanical four-dimensional probe which executes three-
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dimensional scan by oscillating a one-dimensional array in
a direction perpendicular to the direction of arrangement of
plural transducers, or may be configured as a two-dimen-
sional array probe.

[0045] The position sensor 12 acquires a position/angle
detection signal of the ultrasonic probe 11 with reference to
a predetermined reference position. The position/angle
detection signal is a detection signal corresponding to the
position of the ultrasonic probe 11 and the angle of the
ultrasonic probe 11 relative to the predetermined reference
position. The angle of the ultrasonic probe 11 is, for
example, an inclination of the ultrasonic probe 11 relative to
predetermined reference directions. The predetermined ref-
erence position is, for example, the position of the ultrasonic
diagnosis apparatus 10. The predetermined reference direc-
tions are, for example, preset orthogonal three axes. The
position sensor 12 is provided, for example, on the ultra-
sonic probe 11. The position sensor 12 outputs an acquired
position/angle detection signal to the position acquisition
circuitry 15.

[0046] The position sensor 12 is, for example, a magnetic
sensor, an infrared sensor, an angle sensor, or an angular
velocity sensor (e.g. a gyrosensor). For example, in the case
of the magnetic sensor, the magnetic sensor detects magne-
tism which was transmitted from the transmitter 13, and
acquires a position/angle detection signal with reference to
the predetermined reference position. In addition, in the case
of the infrared sensor, the infrared sensor detects infrared
which was transmitted from the transmitter 13, and acquires
a position/angle detection signal with reference to the pre-
determined reference position. Incidentally, general electro-
magnetic waves may be used in place of the infrared. In the
meantime, when the position sensor 12 is the magnetic
sensor, the reference position may be the position of the
transmitter 13. Additionally, when the position sensor 12 is
the infrared sensor, the reference position may be the posi-
tion of the transmitter 13. Besides, the reference position can
be adjusted as needed by an operator’s instruction which
was input via the input interface circuitry 19. Incidentally,
the predetermined reference position may be a position of
initial contact with the body surface of the subject.

[0047] The angle sensor detects the angle of the ultrasonic
probe 11. The angular velocity sensor detects an angular
velocity corresponding to the movement of the ultrasonic
probe 11. Incidentally, the angle of the ultrasonic probe 11
may be determined based on the positions of two points
which are output from, for example, two magnetic sensors,
two infrared sensors, or a combination of a magnetic sensor
and an infrared sensor, which are provided on side surfaces
of the ultrasonic probe 11.

[0048] The transmitter 13 is a transmitter which transmits
a reference signal that is detected by the position sensor 12.
As the transmitter 13, for example, a magnetism transmitter
which generates magnetism, or an infrared transmitter which
generates infrared can be used as needed.

[0049] As illustrated in FIG. 2, the position sensor 12 and
transmitter 13 are used for the fusion function of the
ultrasonic diagnosis apparatus 10. For example, the position
sensor 12 is attached to the ultrasonic probe 11. The trans-
mitter 13 is disposed near a subject P (or in the apparatus
main body 14). The position acquisition circuitry 15 (to be
described later) calculates the position (X, Y, Z) and angle of
the position sensor 12 with reference to the transmitter 13,
from the position/angle detection signal which was acquired
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by the transmission/reception by the transmitter 13 and
position sensor 12. Thereby, in the fusion function, the
position and angle of the ultrasonic probe 11, which corre-
spond to a currently displayed ultrasonic image, can be
obtained. Thereafter, an identical cross section (7) between
the ultrasonic image and an MPR image of other volume
data vd1 is displayed, and registration is executed to register
position/angle information with respect to an identical posi-
tion of the identical cross section. In the example illustrated
in FIG. 2, a specific position (X1, Y1) in an ultrasonic 2D
image and a specific position (X2, Y2) in an MPR image of
CT data are set as the identical position.

[0050] The position acquisition circuitry 15 calculates the
position and angle of the ultrasonic probe 11 with reference
to the predetermined position, by using the position/angle
detection signal which was output by the position sensor 12.
Specifically, the position acquisition circuitry 15 acquires
position information including the position and angle of the
ultrasonic probe 11 in an absolute coordinate system with
reference to the predetermined position. Hereinafter, the
position of the ultrasonic probe 11 on the absolute coordi-
nate system is referred to as “probe coordinates”. The
position acquisition circuitry 15 sends the acquired position
information to the processing circuitry 23. This position
acquisition circuitry 15 includes a function of acquiring the
position information of the ultrasonic probe 11.

[0051] Under the control by the processing circuitry 23,
the transmission/reception circuitry 16 supplies driving sig-
nals to the respective piezoelectric transducers in the ultra-
sonic probe 11. The transmission/reception circuitry 16
generates a reception signal, based on reception echo signals
which were generated by the respective piezoelectric trans-
ducers.

[0052] Specifically, the transmission/reception circuitry
16 includes a pulse generator, transmission delay circuitry,
pulser circuitry, a preamplifier, an analog-to-digital (herein-
after referred to as “A/D”) converter, reception delay cir-
cuitry, and an adder, which are not illustrated.

[0053] The pulse generator repeatedly generates rate
pulses for forming transmission ultrasonic, at a predeter-
mined rate frequency frHz (cycle: 1/fr second). The gener-
ated rate pulses are distributed to a number of channels, and
sent to the transmission delay circuitry.

[0054] The transmission delay circuitry converges trans-
mission ultrasonic in a beam shape for each of plural
channels, and imparts to each rate pulse a transmission delay
time which is necessary for determining transmission direc-
tivity. The transmission direction of transmission ultrasonic
or the transmission delay time (hereinafter referred to as
“transmission delay pattern™) is stored in the storage cir-
cuitry 18. The transmission delay pattern stored in the
storage circuitry 18 is referred to by the processing circuitry
23 when ultrasonic is transmitted.

[0055] The pulser circuitry applies a voltage pulse (driving
signal) to each of the piezoelectric transducers of the ultra-
sonic probe, at a timing based on the rate pulse. Thereby, the
ultrasonic beam is transmitted to the subject P.

[0056] The preamplifier amplifies, with respect to each
channel, an echo signal from the subject P which was taken
in via the ultrasonic probe 11. The A/D converter converts
the amplified reception echo signal to a digital signal.
[0057] The reception delay circuitry imparts a reception
delay time necessary for determining reception directivity
(hereinafter referred to as “reception delay time”) to the
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reception echo signal which was converted to the digital
signal. The reception direction or reception delay time
(hereinafter referred to as “reception delay pattern™) of the
echo signal is stored in the storage circuitry 18. The recep-
tion delay pattern stored in the storage circuitry 18 is
referred to by the processing circuitry 23 when ultrasonic is
received.

[0058] The adder adds the plural echo signals to which the
delay time was imparted. By this addition, the transmission/
reception circuitry generates a reception signal (also referred
to as “RF (radiofrequency) signal”) in which a reflection
component from a direction corresponding to the reception
directivity is emphasized). By the transmission directivity
and reception directivity, the comprehensive directivity of
ultrasonic transmission/reception is determined. By this
comprehensive directivity, an ultrasonic beam (so-called
“ultrasonic scanning line”) is determined.

[0059] The image generation circuitry 17 includes a
B-mode processing unit and a Doppler processing unit,
which are not illustrated. The B-mode processing unit
includes an envelope detector and a logarithmic converter,
which are not illustrated. The envelope detector executes
envelope detection for the reception signal which was output
from the transmission/reception circuitry. The envelope
detector outputs the envelope-detected signal to the loga-
rithmic converter (to be described later). The logarithmic
converter subjects the envelope-detected signal to logarith-
mic conversion, and relatively emphasizes a weak signal.
Based on the signal emphasized by the logarithmic con-
verter, the B-mode processing unit generates a signal value
(B-mode data) for each of depths in the transmission/
reception of each scanning line and each ultrasonic.

[0060] The Doppler processing unit includes a mixer, a
low-pass filter, and a velocity/dispersion/power computing
device, which are not illustrated. The mixer multiplies the
reception signal, which was output from the transmission/
reception circuitry 16, by a reference signal having a fre-
quency fO which is identical to the transmission/reception
frequency. By this multiplication, a signal of a component of
a Doppler shift frequency fd, and a signal including a
frequency component of (2f0+fd) can be obtained. The
low-pass filter eliminates the signal of the higher frequency
component (2f0+fd) from between the signals including the
two kinds of frequency components from the mixer. By
eliminating the signal of the higher frequency component
(2f0+fd), the Doppler processing unit generates a Doppler
signal including the Doppler shift frequency fd.

[0061] In the meantime, the Doppler processing unit may
use a quadrature detection method in order to generate the
Doppler signal. At this time, the reception signal (RF signal)
is quadrature-detected, and converted to an 1Q signal. By
subjecting the 1Q signal to complex Fourier transform, the
Doppler processing unit generates the Doppler signal includ-
ing the component of Doppler shift frequency fd. The
Doppler signal is, for example, an echo component due to a
blood flow, tissue, or contrast medium.

[0062] The velocity/dispersion/power computing device
includes an MTI (Moving Target Indicator) filter and an
autocorrelation computing unit, which are not illustrated.
The MTI filter eliminates, from the generated Doppler
signal, a Doppler component (clutter component) due to
respiratory movement or pulsatory movement of an organ.
The autocorrelation computing unit calculates an autocor-
relation value for the Doppler signal in which only blood
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flow information was extracted by the MTT filter. Based on
the calculated autocorrelation value, the autocorrelation
computing unit calculates a mean velocity value of the blood
flow, a dispersion value, and reflection power of the Doppler
signal. The velocity/dispersion/power computing device
generates color Doppler data, based on a mean velocity
value of the blood flow based on plural Doppler signals, a
dispersion value, and reflection power of Doppler signals.
Hereinafter, the Doppler signal and color Doppler data are
comprehensively referred to as “Doppler data”.

[0063] In addition, the Doppler data and B-mode data are
comprehensively referred to as “raw data”. The raw data
may be B-mode data by a high-frequency component of
transmission ultrasonic in the echo signal, and elastic data
relating to a biological tissue in the subject. The B-mode
processing unit and Doppler processing unit output the
generated raw data to a digital scan converter (hereinafter
referred to as “DSC”) which will be described later. The
B-mode processing unit and Doppler processing unit may
also output the generated raw data to a cine memory (not
shown).

[0064] The image generation circuitry 17 includes a DSC
(not shown). The image generation circuitry 17 executes a
coordinate conversion process (resampling) on the DSC.
The coordinate conversion process is a process of convert-
ing, for example, a scanning line signal sequence of ultra-
sonic scan, which is composed of raw data, to a scanning
line signal sequence of a general video format, which is
typified by television. The image generation circuitry 17
executes on the DSC an interpolation process following the
coordinate conversion process. The Interpolation process is
a process of interpolating data between scanning line signal
sequences by using raw data in neighboring scanning line
signal sequences.

[0065] By executing the coordinate conversion process
and interpolation process on the raw data, the image gen-
eration circuitry 17 generates an ultrasonic image as a
display image. Incidentally, the image generation circuitry
17 may include an image memory which stores data corre-
sponding to the generated ultrasonic image. The image
generation circuitry 17 synthesizes the generated ultrasonic
image with character information and scale marks of various
parameters. The ultrasonic image generated by using the
B-mode data may be called “B-mode image”. In addition,
the ultrasonic image generated by using the Doppler data
may be called “Doppler image”.

[0066] The cine memory is a memory which stores, for
example, ultrasonic images corresponding to a plurality of
frames immediately before freeze. An ultrasonic motion
image can also be displayed by successively displaying (cine
display) images stored in this cine memory.

[0067] The storage circuitry 18 is composed of memories
which store electrical information, such as a ROM (Read
Only Memory), a RAM (Random Access Memory), an HDD
(Hard Disk Drive) and an image memory, and peripheral
circuitry accompanying these memories, such as a memory
controller and a memory interface. The storage circuitry 18
stores a plurality of reception delay patterns with different
focus depths, a control program of the present ultrasonic
diagnosis apparatus, a diagnosis protocol, various kinds of
data such as a transmission/reception condition, B-mode
data, Doppler data, and B-mode images and Doppler images
generated by the image generation circuitry 17.
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[0068] The input interface circuitry 19 is realized by, for
example, a trackball, switch buttons, a mouse, a keyboard,
a touchpad which executes an input operation by a touch on
an operation screen, and a touch panel display in which a
display screen and a touchpad are integrated, these being
configured to input to the apparatus main body 14 various
instructions, commands, information, selection and settings
from the operator. The input interface circuitry 19 is con-
nected to the processing circuitry 23, converts an input
operation, which was received from the operator, to an
electric signal, and outputs the electric signal to the pro-
cessing circuitry 23. In the meantime, in this specification,
the input interface circuitry 19 is not limited to circuitry
including physical operation components such as a mouse
and a keyboard. Examples of the input interface circuitry 19
include electric signal processing circuitry which receives an
electric signal corresponding to an input operation from an
external input device provided separately from the appara-
tus, and outputs this electric signal to the processing cir-
cuitry 23.

[0069] The display circuitry 20 is composed of a display
which displays medical images, etc., internal circuitry which
supplies signals for display to the display, and peripheral
circuitry such as connectors and cables which connect the
display to the internal circuitry. The display circuitry 20
displays various kinds of ultrasonic images which were
generated by the image generation circuitry 17. In addition,
the display circuitry 20 may execute, for the ultrasonic
image generated by the image generation circuitry 17,
adjustment of the brightness, contrast, dynamic range and y
correction, and allocation of a color map. The display
circuitry 20 can display an ultrasonic image, and a slice
image generated by the processing circuitry 23. Similarly,
the display circuitry 20 can interlock-display, by the fusion
function of the processing circuitry 23, the ultrasonic image
and the MPR image generated by the processing circuitry
23. Specifically, the display circuitry 20 includes a display
function of displaying a slice image of volume data, which
was reconstructed by the execution of a reconstruction
program 235 by the processing circuitry 23 (to be described
later), as a reference image, in parallel with the ultrasonic
image. In the meantime, as the slice image that is displayed
in parallel with the ultrasonic image, for example, an MPR
image of CT data, an MPR image of MRI data, or an MPR
image of ultrasonic 3D data can be used as needed.

[0070] The network interface circuitry 21 is circuitry for
connecting the ultrasonic diagnosis apparatus 10 to the
network 50, and communicating with the server apparatus
30 and volume data generation apparatus 40. As the network
interface circuitry 21, for example, a network interface card
(NIC) is usable. In the description below, a description that
the network interface circuitry 21 intervenes in the commu-
nication between the ultrasonic diagnosis apparatus 10 and
the server apparatus 30, etc. is omitted.

[0071] The image DB (database) circuitry 22 stores data
which was loaded from the server apparatus 30 via the
network 50. In addition, the image DB circuitry 22 may
include a media drive for reading in data which is stored in
an information storage medium such as a USB (universal
serial bus) memory, a CD (compact disc) or a DVD (Digital
Versatile Disc).

[0072] Based on a mode selection, a selection of a recep-
tion delay pattern list and the start/end of transmission,
which were input by the operator via the input interface
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circuitry 19, the processing circuitry 23 reads out the trans-
mission/reception condition and apparatus control program
stored in the storage circuitry 18, and controls the main body
of the ultrasonic diagnosis apparatus. For example, the
processing circuitry 23 controls the transmission/reception
circuitry 16, position acquisition circuitry 15 and image
generation circuitry 17 according to the control program
which was read out from the storage circuitry 18. In addi-
tion, the processing circuitry 23 executes respective pro-
grams 23a to 23d corresponding to functions for realizing
the fusion function. Here, the respective programs include,
for example, a load program 23a, a reconstruction program
235, a registration program 23¢ and a control program 23d.

[0073] The load program 23a is a program for causing the
processing circuitry 23 to execute a load process of loading
predetermined data from volume data stored in other appa-
ratus. Here, as the other apparatus, for example, the server
apparatus or removable information storage media can be
used as needed. In the meantime, as the other apparatus, for
example, other modality, such as a CT apparatus, MRI
apparatus and nuclear medical diagnosis apparatus, may be
used, and a hard disk in the apparatus main body 14 may also
be used. In addition, the predetermined data is, for example,
partial data of the data which constitute the volume data, and
a condition for extracting this partial data is preset. Specifi-
cally, for example, the predetermined data may be thinned-
out data, data bundled in units of a predetermined number of
data, data at a predetermined imaging time, or data of an
extracted predetermined region. In the case of the thinned-
out data, for example, a condition, such as a read-out interval
for thinning-out, is preset. In the case of the data bundled in
units of a predetermined number of data, for example,
conditions, such as the number of bundled data (number of
successively read-out data) and an interval of bundles (read-
out interval), are preset. In the case of the data at a
predetermined imaging time, for example, a condition, such
as an elapsed time (time phase) from the start of imaging, or
a date/time of imaging, is preset. The term “time” in the
“predetermined imaging time” may be changed, as needed,
to some other term, such as “timing” or “time phase”, for
specifying time information. In the case of the data of an
extracted predetermined region, for example, a condition,
such as coordinate values or a size for specifying a prede-
termined region in volume data, is preset. In addition, as
these conditions, for example, predetermined set values may
be used, and the predetermined set values may be included
in a load request. When the condition is to be changed, the
set value indicating the condition may be changed in the load
request. Accordingly, for example, the first to fourth load
methods can be used, as needed, as the method of loading
the predetermined data. As the first load method, for
example, as illustrated in FIG. 3, use can be made of a
method in which image data, which constitute volume data
vd0, are thinned out at regular intervals such that the number
of data becomes 1/X, and image data id1 is loaded. How-
ever, the thinning-out process is merely an example, and the
method is not limited to the thinning-out if the amount of
data to be loaded is small and the load time can be reduced.
For example, use may be made of a method in which, after
the ultrasonic image and the slice image of volume data are
registered, image data at a position near the position of the
ultrasonic probe 11 is preferentially loaded.

[0074] As the second load method, for example, as illus-
trated in FIG. 4, use can be made of a method of loading data
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id1 in which image data, which constitute volume data vd0,
are bundled in units of a predetermined number of image
data. In this case, for example, use can be made of a method
of loading data id1 in which image data, which constitute
volume data vd0, are bundled in units of a predetermined
number of image data at regular intervals, such that the
number of the image data, which constitute volume data
vd0, becomes 1/X. In the example illustrated in FIG. 4,
image data id1, in which every four image data are bundled
at intervals of six image data, are loaded.

[0075] As the third load method, for example, use can be
made of a method of loading data of a predetermined
imaging time, which is preselected from a plurality of data
of different imaging times. For example, in the case of the
liver, data of a partial time phase, such as an artery phase or
a portal vein phase, can be used as needed. Alternatively, the
data of the predetermined imaging time may be follow-up
images in the CT apparatus before and after medical treat-
ment. In addition, in the case of the CT apparatus or MRI
apparatus, if there are data of three time phases, only the data
of one time phase is read in. For example, in the case of the
heart, only a telediastoric image, among 4D images, is read
in. In addition, in the case of an MRI image or dynamic MRI
image, for example, as illustrated in FIG. 5, volume data vdl
to vd5 of five time phases, such as “after 10 seconds”, “after
2 minutes”, “after 5 minutes”, “after 8 minutes” and “after
10 minutes”, are acquired. In DICOM file FL1, five volumes
are stored as one file and one series. In the normal fusion
function, a DICOM file of one series is read in, and the
DICOM file is divided into volume data of five time phases
and displayed. By contrast, in the load process of the present
embodiment, only the data vd5 of the time phase of “after 10
minutes”, among the data vd1 to vd5 of plural time phases,
may be read in. In addition, in the load process of the present
embodiment, before loading data, a search may be executed
by using a database file such as a DICOMDIR file, and data
corresponding to a search result may be loaded. In the case
of image data of the heart, end-diastole may be designated
by preset, and the DICOMDIR file may be referred to before
the DICOM file is read in, and, for example, only image data
with a tag of end-diastole at the ascension number may be
load.

[0076] As the fourth load method, use can be made of a
method of loading data of an extracted predetermined region
from image data which constitute volume data. For example,
as illustrated in FIG. 6, data vdla, which is obtained by
extracting a predetermined region with each side of 20 cm
that represents the liver, may be loaded from among volume
data vd1l of CT images. Alternatively, data obtained by
extracting a predetermined liver region from image data, in
which the liver and heart are mixedly present, may be
loaded. Here, as the predetermined region, use may be made
of, as needed, for example, a predetermined central region,
a region representing a predetermined organ, a region
including the image center and having an area of 30% of the
entire data, or a predetermined region of about 60% of the
entire data. Incidentally, the ratios of 60% and 30% are
merely examples, and the restriction to these ratios is
unnecessary. The predetermined region may be referred to as
a predetermined partial region. In addition, compared to the
process of extracting the region representing the predeter-
mined organ, the process of extracting the predetermined
region of about 60% of the entire data does not require a
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complex process such as recognition of the organ by pattern
recognition or the like, and therefore this process can be
executed simply and quickly.

[0077] Here, a supplemental description is given of the
case of thinning out data by selecting a time or a region, as
in the third and fourth load methods. In this case, in general,
how to thin out data differs depending on the kind of
modality. For example, in the case of the data of ultrasonic
images, the data amount of even one volume of ultrasonic
images is larger than the data amount of one volume of CT
images, and therefore the region is thinned out. In the case
of CT images or MRI images, either the time phase or the
region is thinned out. The reason why how to thin out data
differs depending on the kind of modality is that, in general,
in the case of CT images or MRI images, the number of time
phases increases, compared to the ultrasonic images.

[0078] However, as regards the ultrasonic images, if there
are data of a plurality of time phases, the time phases can be
thinned out. For example, in a contrast agent enhancement
method (CHI (Contrast Harmonic Imaging) mode), etc.,
there is a case in which volume data of ultrasonic images are
acquired in accordance with respective time phases, and the
volume data of the respective time phases are stored in a
DICOM file. In this manner, when the DICOM file of the
ultrasonic images includes the volume data of the respective
time phases, the time phases can be thinned out, like the
third load method.

[0079] Besides, load methods other than the first to fourth
load methods may be used. For example, in the case of data
of PET-CT (Positron Emission computed Tomography-CT),
only CT data may be loaded by excluding PET data. In
addition, in the case of color Doppler images, either color
information or B-mode data may be loaded. Specifically, in
the case of double-volume data, only the data of either
volume may be loaded.

[0080] The reconstruction program 235 is a program
which causes the processing circuitry 23 to execute a
reconstruction process of reconstructing volume data from
the loaded data. In the meantime, a slice image of the
reconstructed volume data and an ultrasonic image based on
the output of the ultrasonic probe 11 are parallel-displayed
on the display circuitry 20.

[0081] The registration program 23c is a program which
causes the processing circuitry 23 to execute a registration
process, so as to register the position of the displayed
ultrasonic image and the position of the slice image based on
the loaded data.

[0082] Here, as the registration process, use can be made
of, as needed, (1) a registration process by a user’s manual
operation, (2) a registration process by position information
which images have, and (3) a registration process based on
images. The registration process (1) is a manual registration
process, and includes a process of accepting an operation for
registration. Each of the registration processes (2) and (3) is
an automatic registration process, and includes a process of
executing automatic registration, based on position infor-
mation which an ultrasonic image g2 and a slice image gl
have, or based on the ultrasonic image g2 and slice image
g1, for example, as illustrated in FIG. 7.

[0083] For example, the registration process (1) by the
user’s manual operation successively executes alignment
relating to the angle between two images, and registration
relating to the position.
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[0084] The registration process (2) by position informa-
tion which images have executes registration between two
images, based on the position information included in
supplementary information (header) hl, h2 of the data
displayed on the display circuitry 20. Here, the position
information is information indicating a position in the sub-
ject, which corresponds to the image of the data. Specifi-
cally, the position information includes, for example, coor-
dinate values in the coordinate system of the volume data
generation apparatus 40, or probe coordinates acquired by
the position acquisition circuitry 15.

[0085] The registration process (3) based on images
executes registration between two images by comparing the
two images. As the registration process based on images, use
can be made of, as needed, for example, (3-1) pattern
matching, (3-2) point-based registration, and (3-3) surface-
based registration.

[0086] The pattern matching (3-1) is a method of execut-
ing image registration by a similarity calculation between
voxels of two images. Thus, the pattern matching may be
called “voxel intensity registration”. The scale for measur-
ing the similarity is, for example, a correlation coeflicient, or
a mutual information amount.

[0087] The point-based registration (3-2) is a method of
executing image registration by registering a plurality of
points existing on two images. As the plural points, use can
be made of, as needed, for example, characteristic structures
such as branch points of blood vessels.

[0088] The surface-based registration (3-3) is a method of
executing image registration such that the surfaces of two
images become closest in distance. As the surface-based
registration, use can be made of, as needed, for example, a
Head and Hat method or an ICP (iterative closest point)
method.

[0089] The control program 23d is a program which
causes the processing circuitry 23 to execute, after the
registration, a control process of controlling the display
circuitry 20 so as to interlock-display the ultrasonic image
and slice image in accordance with the position information
of the ultrasonic probe 11.

[0090] In the meantime, the load process by the load
program 234 may include a background load process which
loads unloaded residual data on the background, while the
ultrasonic probe 11 is being operated. In addition, when the
data amount of the loaded partial data is sufficient for an
examination, there is no need to load the residual data on the
background. Whether the data amount is sufficient or not is
determined, for example, based on the threshold of the data
amount, etc.

[0091] The reconstruction process by the reconstruction
program 235 may include an update process of updating the
volume data for displaying the slice image, by the data
loaded on the background and the loaded partial data.
[0092] Additionally, the volume data may be constructed
of a plurality of image data (2D data). The load process by
the load program 23¢ may load, as predetermined data,
partial image data which is obtained by thinning out the
plural image data. In the case of an example illustrated in
FIG. 8, by executing the load program 234, the processing
circuitry 23 loads image data id1 of a data amount of 1/x,
which is obtained by thinning out the image data in the
volume data in the server apparatus 30 or image DB circuitry
22, and creates an image arrangement map mpl. The image
arrangement map mp1 is a map for creating a 3D texture,
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and is used even when thinning-out is not executed. As the
image arrangement map mpl, use can be made of, as
needed, for example, a list in which a slice number (iden-
tification information of image data) can be written for each
read-out position, or a multidimensional map in which data
identification information can be written in accordance with
read-out positions. However, the image arrangement map
mpl is not limited to the above-described list or multidi-
mensional map, and an arbitrary structure may be used as
needed if the structure in which identification information
and read-out positions of image data can be recorded. In
addition, by executing the reconstruction program 23b, the
processing circuitry 23 reconstructs the volume data vd1 of
the 3D texture from the loaded image data id1, based on the
created image arrangement map mpl, and displays the slice
image of the volume data vd1 on the display circuitry 20. In
the case of an example illustrated in FIG. 9, one image data
in every 10 image data is read in from the image DB
circuitry 22 which stores volume data vd0 that is composed
of 1000 image data. Specifically, 100 image data of 1000
image data, which constitute the volume data vd0, are read
in the processing circuitry 23. The processing circuitry 23
executes an interpolation process on the read-in 100 image
data, thereby reconstructing the volume data vdl. Then, the
processing circuitry 23 displays, on the display circuitry 20,
the slice image of the volume data vdl and the ultrasonic
image (indicated as “US Live” in FIG. 9).

[0093] In the embodiment of FIG. 1, the respective func-
tions, which are executed in the processing circuitry 23, are
stored in the storage circuitry 18 in the form of computer-
executable programs. The processing circuitry 23 is a pro-
cessor which reads out the programs from the storage
circuitry 18 and executes the programs, thereby realizing the
functions corresponding to the respective programs. In other
words, the processing circuitry in the state in which the
processing circuitry has read out the programs includes the
programs 23a to 234 indicated in the processing circuitry 23
in FIG. 1. In the meantime, in FIG. 1, the description was
given on the assumption that the respective functions are
realized by the single processing circuitry 23. However, the
processing circuitry may be constructed by combining a
plurality of independent processors, and the respective func-
tions may be realized by the respective processors executing
the programs.

[0094] The server apparatus 30 includes storage circuitry
31, processing circuitry 32 and network interface circuitry
33.

[0095] The storage circuitry 31 stores volume data which
was transferred from other modality such as the volume data
generation apparatus 40. In addition, the storage circuitry 31
may store volume data which was transferred from, aside
from the other modality, the same modality (ultrasonic
diagnosis apparatus 10) as the modality which generates the
ultrasonic image.

[0096] The processing circuitry 32 includes a function of
instructing the volume data generation apparatus 40 to
execute data transfer, and writing volume data, which was
transferred from the volume data generation apparatus 40,
into the storage circuitry 31. In addition, the processing
circuitry 32 includes a read-out function of reading out
predetermined data from the volume data of the storage
circuitry 31, based on a load request transmitted from the
ultrasonic diagnosis apparatus 10. Here, the predetermined
data is, for example, partial data of the data which constitute
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the volume data. Furthermore, the processing circuitry 32
includes a first return function of returning the read-out data
to the source of transmission of the load request.

[0097] In the embodiment of FIG. 1, the respective func-
tions, which are executed in the processing circuitry 32, are
stored in the storage circuitry 31 in the form of computer-
executable programs. The processing circuitry 32 is a pro-
cessor which reads out the programs from the storage
circuitry 31 and executes the programs, thereby realizing the
functions corresponding to the respective programs. In other
words, the processing circuitry 32 in the state in which the
processing circuitry 32 has read out the programs includes
the programs corresponding to the respective functions. In
the meantime, in FIG. 1, the description was given on the
assumption that the respective functions are realized by the
single processing circuitry 32. However, the processing
circuitry may be constructed by combining a plurality of
independent processors, and the respective functions may be
realized by the respective processors executing the pro-
grams.

[0098] The network interface circuitry 33 is circuitry for
connecting the server apparatus 30 to the network 50, and
communicating with the ultrasonic diagnosis apparatus 10
and volume data generation apparatus 40. As the network
interface circuitry 33, for example, a network interface card
(NIC) is usable. In the description below, a description that
the network interface circuitry 33 intervenes in the commu-
nication between the server apparatus 30, on one hand, and
the ultrasonic diagnosis apparatus 10 and volume data
generation apparatus 40, on the other hand, is omitted.
[0099] The volume data generation apparatus 40 is an
apparatus which generates volume data by scanning the
subject. As the volume data generation apparatus 40, use can
be made of, as needed, for example, arbitrary modality such
as an ultrasonic diagnosis apparatus, CT apparatus, MRI
apparatus and nuclear medical diagnosis apparatus. The
volume data generation apparatus 40 transfers volume data
to the server apparatus 30 via the network 50 in accordance
with an instruction from the server apparatus 30.

[0100] Next, the operation of the ultrasonic diagnosis
apparatus having the above-described configuration will be
described with reference to a flowchart of FIG. 10 and a
schematic view of FIG. 11. Incidentally, the description
below is given by taking as an example the case in which
thinned-out data of loadable data is loaded as predetermined
data. However, the predetermined data is not limited to the
thinned-out data. For example, data bundled in units of a
predetermined number of data, data at a predetermined
imaging time, or data of an extracted predetermined region
may be loaded. Alternatively, only the data of one volume of
double-volume data may be loaded. In addition, in the
description below, the case of executing the registration
process (1) of the above-described registration processes (1)
to (3) is taken as an example. However, the registration
process is not limited to (1), and the above-described reg-
istration process (2) or (3) may be executed. Thus, the
“predetermined data” and “registration process” in the
description below are merely examples, and other data and
other registration processes may be implemented, as needed,
also in the embodiments to be described below. Next, the
operation of the ultrasonic diagnosis apparatus 10 will be
described.

[0101] In the ultrasonic diagnosis apparatus 10, by an
operation of the user such as a doctor, the ultrasonic probe
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11 is put in contact with a subject, the inside of the subject
is scanned by an ultrasonic beam, and an ultrasonic image is
generated based on an output of the ultrasonic probe 11.
Thereby, in the ultrasonic diagnosis apparatus 10, as illus-
trated in FIG. 11, a display screen g1 including an ultrasonic
image and a “Fusion” button btl is displayed on the display
circuitry 20 (step ST1). By a user’s operation of pressing the
“Fusion” button btl, the processing circuitry 23 of the
ultrasonic diagnosis apparatus 10 displays, on the display
circuitry 20, a select screen g2 for selecting volume data that
is a parallel-display target, in place of the display screen g1.
It is assumed that load sources, such as the server apparatus
30, HDD and information storage media, are first displayed
on the select screen gl.

[0102] For example, if the server apparatus 30 is desig-
nated as a load source by the user’s operation on the select
screen g2, the processing circuitry 32 displays, on the select
screen g2, thumbnail images of slice images of volume data
stored in the designated load source.

[0103] Itis assumed that one of the thumbnail images was
designated from among the displayed thumbnail images by
the user’s operation, and a “Load data” button bt2 was
pressed. Thereby, the processing circuitry 23 selects volume
data corresponding to the designated thumbnail image (step
ST2), and checks the number of images of the volume data
(step ST3).

[0104] Subsequently, the processing circuitry 23 transmits
to the server apparatus 30 a load request including identi-
fication information of the volume data and the read-out
position and read-out intervals of image data in the volume
data, so as to load the data by thinning out the data such that
the number of images becomes 1/x.

[0105] Based on this load request, the server apparatus 30
transmits partial data of the volume data to the ultrasonic
diagnosis apparatus 10. Specifically, based on the read-out
position and read-out intervals, the server apparatus 30 reads
out reference image data, which serves as a reference, from
the read-out position in the volume data, and writes the
identification information of the reference image data in the
image arrangement map, based on the read-out position. In
addition, the server apparatus 30 reads out image data at
read-out intervals from the reference image data, and writes
the identification information of the image data in the image
arrangement map, based on the read-out position of the
image data. Thereafter, the server apparatus 30 successively
transmits the image arrangement map and each image data
to the ultrasonic diagnosis apparatus 10.

[0106] The processing circuitry 23 of the ultrasonic diag-
nosis apparatus 10 writes the received image arrangement
map and each received image data in the storage circuitry 18
(step ST4). These steps ST2 to ST4 are an example of the
load process which is realized by the processing circuitry 23
reading out the load program 23a from the storage circuitry
18 and executing the load program 23a. The load process is
a process of loading predetermined data from the volume
data stored in other apparatus.

[0107] After the completion of reception, the processing
circuitry 23 reconstructs volume data in which the thinned-
out part (the part of 1-1/x) is interpolated, based on the
image arrangement map and each image data in the storage
circuitry 18. Thereafter, the processing circuitry 23 parallel-
displays the slice image of the volume data and the ultra-
sonic image on the display circuitry 20 (step ST5). In the
example of a fusion screen g3 illustrated in FIG. 11, the slice
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image of the volume data and the ultrasonic image are
arranged in parallel in the left-and-right direction. In the
meantime, if the thumbnail image was erroneously desig-
nated and the volume data is to be re-selected, a “View”
button bt3 in the fusion screen g3 is press-operated. Thus, a
transition occurs to the select screen g2, and the process of
step ST2 onwards is executed once again. The reconstruc-
tion in step ST5 is an example of the reconstruction process
which is realized by the processing circuitry 23 reading out
the reconstruction program 235 from the storage circuitry 18
and executing the reconstruction program 23b. The recon-
struction process is a process of reconstructing volume data
from the data loaded by the load process.

[0108] After the start of parallel-display by step ST5, the
processing circuitry 23 transitions to a user operation accep-
tance state for accepting a user operation (step ST6). This
step ST6 is an example of the registration process which is
realized by the processing circuitry 23 reading out the
registration program 23c¢ from the storage circuitry 18 and
executing the registration program 23c¢. The registration
process is a process which is executed so as to register the
positions of the ultrasonic image and slice image which are
displayed by the display circuitry 20. In the user operation
acceptance state, to begin with, registration of position/angle
information between the slice image of volume data and the
ultrasonic image is executed by the user’s operation. This
registration is executed in the order of alignment relating to
the angle, and registration relating to the position.

[0109] Specifically, in the ultrasonic diagnosis apparatus
10, the ultrasonic probe 11, which is put in contact with the
subject, is operated, and the position information of the
ultrasonic probe 11 is acquired by the position acquisition
circuitry 15. Using the angle which is indicated by the
position information, the processing circuitry 23 executes
registration (alignment) between the orthogonal three axes
of the position coordinate system relating to the ultrasonic
probe 11 and the orthogonal three axes of the coordinate
system in the volume data.

[0110] Subsequently, the ultrasonic diagnosis apparatus 10
acquires the position information of the ultrasonic probe 11
in accordance with the operation of the ultrasonic probe 11.
Using the position indicated by the acquired position infor-
mation, the processing circuitry 23 executes registration
between the reference point of the position coordinate
system relating to the ultrasonic probe 11 and the reference
point of the coordinate system in the volume data. Thereby,
the registration is completed. In the meantime, in the first
registration, complete registration is not always necessary,
since there is a case in which fine adjustment is executed in
step ST10 (to be described later).

[0111] Next, in the user operation acceptance state, the
ultrasonic image and the slice image of the volume data,
which have been registered, are interlock-displayed on the
display circuitry 20. This interlock-display is an example of
the control process which is realized by the processing
circuitry 23 reading out the control program 234 from the
storage circuitry 18 and executing the control program 23d.
This control process is a process of controlling the display
circuitry 20 so as to interlock-display the ultrasonic image
and slice image in accordance with the position information
of the ultrasonic probe 11.

[0112] Specifically, the ultrasonic diagnosis apparatus 10
generates the ultrasonic image in accordance with the opera-
tion of the ultrasonic probe 11. The ultrasonic diagnosis
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apparatus 10 generates the slice image (MPR image) corre-
sponding to the ultrasonic image, based on the registered
volume data. Thereby, the ultrasonic diagnosis apparatus 10
interlock-displays the ultrasonic image and slice image of
the volume data in accordance with the position of the
ultrasonic probe 11.

[0113] Thereafter, in the user operation acceptance state,
while the user visually recognizes the ultrasonic image and
slice image of the volume data which are interlock-dis-
played, the user applies puncture or RFA treatment to the
subject.

[0114] On the other hand, in the user operation acceptance
state of step ST6, while the processing circuitry 23 accepts
a user operation, the processing circuitry 23 determines
whether the loading of the interpolation part is to be ended
or not (step ST7). For example, if a load end instruction is
not input and there is unloaded residual data, the processing
circuitry 23 determines “NO”, transmits a load request in the
background, loads the residual data (step ST8), and returns
to step STA. In step ST5 of the second and following times,
the processing circuitry 23 reconstructs and updates the
volume data for displaying the slice image, by using the
residual data loaded on the background and the loaded
partial data. Thereafter, the processing circuitry 23 parallel-
displays the slice image of the updated volume data and the
ultrasonic image on the display circuitry 20.

[0115] In the meantime, the load end instruction is input to
the ultrasonic diagnosis apparatus 10 by the user operation,
for example, when the slice image of the volume data
reconstructed from the loaded data is sufficient for puncture
or RFA treatment. Specifically, the load end instruction is
used for stopping further loading, when puncture or RFA
treatment can sufficiently be performed with the loaded
partial data of the volume data.

[0116] In addition, in the determination of step ST7, for
example, if the load end instruction is input by the user
operation or if the loading of all data is completed, the
ultrasonic diagnosis apparatus 10 determines that the load-
ing is to be ended, and transitions to step ST9.

[0117] In step ST9, the processing circuitry 23 parallel-
displays on the display circuitry 20 the slice image of the
volume data, which was reconstructed from all loaded
results, and the ultrasonic image.

[0118] During this parallel-display, the processing cir-
cuitry 23 finely adjusts the alignment result and registration
result between the slice image of the volume data and the
ultrasonic image in accordance with the user operation, and
executes interlock-display (step ST10). Thereafter, in the
same manner as described above, while the user visually
recognizes the ultrasonic image and slice image of the
volume data which are interlock-displayed, the user applies
puncture or RFA treatment to the subject.

[0119] As has been described above, according to the
present embodiment, predetermined data is loaded from the
volume data stored in other apparatus, and the volume data
is reconstructed from the loaded data. In addition, the slice
image of the reconstructed volume data and the ultrasonic
image, which is based on the output of the ultrasonic probe,
are displayed in parallel.

[0120] Thus, according to this embodiment, the load time
of volume data can be shortened, compared to the case of
loading all data in the volume data. Therefore, a hindrance
to the workflow due to the load time of volume data can be
reduced. For example, since the load time can be shortened,
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a step of a target search or registration after data loading can
be started earlier, and therefore the throughput time of
puncture or RFA treatment can be shortened.

[0121] Additionally, since the load time is shortened, the
timing of determining whether the loaded data is desired
volume data or not comes earlier. Thus, even when new data
is reloaded in accordance with the determination result that
the loaded data is not desired volume data, a loss time due
to loading of undesired data can be decreased.

[0122] A supplemental description is given. In conven-
tional data load quickening techniques, since the load time
cannot be shortened when data is first loaded, the problem
remains unsolved. In addition, in the thumbnail display or
comment function, the necessary information for puncture
or RFA treatment is deficient, and there is a case in which
part of the necessary information is first understood by
parallel-displaying the MPR image. On the other hand, there
is a case in which, after all data in volume data is loaded and
an MPR image thereof is parallel-displayed, it is determined
that the loaded data is not the desired data. In this case, a
need arises to reload all data in other volume data, and a load
time is consumed once again.

[0123] However, according to the present embodiment,
since the load time is shortened, the timing of determining
whether the loaded data is desired volume data or not comes
earlier, and therefore a loss time due to loading of undesired
data can be decreased.

[0124] Additionally, according to this embodiment, while
the ultrasonic probe 11 is being operated, the unloaded
residual data is loaded on the background. In addition, the
volume data for displaying the slice image is updated by the
residual data, which was loaded on the background, and the
loaded partial data. Accordingly, since the residual data is
loaded on the background during the operation of the
ultrasonic probe 11 for registration and interlock-display, the
throughput time of puncture or RFA treatment can be
shortened.

[0125] Additionally, the image quality is important for the
slice image which is interlock-displayed after the registra-
tion. Thus, the image quality is made higher than at the time
of the registration, by loading the residual data and updating
the volume data. On the other hand, there is no problem even
if the image quality is low for the slice image which is
displayed at the time of registration, and thus the load time
is shortened by loading partial data. Specifically, slice
images with different image qualities can be used in accor-
dance with the purpose of use, for example, by displaying a
slice image with low image quality for registration, and
displaying a slice image with high image quality for punc-
ture or RFA treatment. Furthermore, a slice image, which
has a higher image quality in step with the enhancement in
resolution of medical diagnosis apparatuses in recent years,
can be guide-displayed for puncture or RFA treatment.
[0126] Additionally, although the operation of the first
embodiment was described by taking the registration by the
manual operation as an example, the restriction to this is
unnecessary and automatic registration may be executed. In
the automatic registration method, registration is executed
between the slice image of the volume data, which was
acquired by loading and reconstruction, and the ultrasonic
image. At the time of the automatic registration, a GPU
(Graphics Processing Unit) may preferably be used as a part
of the processing circuitry 23 in order to increase the speed
of calculations. However, if full-volume data is read in the
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memory of the GPU, there may be a case in which the data
cannot completely be read in the memory because the
memory capacity of the GPU is limited and the memory
capacity is deficient. Thus, by the above-described load
process, the data amount of the volume data can be reduced
and an allowance can be given to the memory capacity of the
GPU. Thereby, in addition to the increase in speed of
loading, the resources, such as the memory capacity of the
GPU, can be saved. Similarly, when the fusion function is
also used for volume data including Doppler-based color
information, the data amount increases by an amount of
color information, there arises a problem that the resource
deficiency tends to easily occur. To cope with this, the
resource deficiency can be prevented, for example, by
selectively thinning out information corresponding to a
specific color from the color information corresponding to a
plurality of colors, and thus reducing the data amount of the
color information.

Second Embodiment

[0127] FIG. 12 is a schematic view illustrating an ultra-
sonic diagnosis apparatus according to a second embodi-
ment, and a peripheral configuration thereof. The parts,
which are substantially identical to those in FIG. 1, are
denoted by like reference numerals, and a detailed descrip-
tion thereof is omitted, and only different parts will mainly
be described here. As regards the respective embodiments to
be described below, an overlapping description will simi-
larly be omitted.

[0128] The second embodiment is a concrete example of
the first embodiment. As illustrated in FIG. 12, compared to
the configuration shown in FIG. 1, the second embodiment
includes intermediate buffer circuitry 25.

[0129] The intermediate buffer circuitry 25 is storage
circuitry which temporarily stores data that is loaded on the
background.

[0130] Accordingly, the load process by the load program
23a of the processing circuitry 23 includes a background
load process of loading unloaded residual data on the
background, while the ultrasonic probe 11 is being operated.
For example, as illustrated in FIG. 13, the processing
circuitry 23 loads, in like manner as described above, image
data id1 of a data amount of 1/x, from among the volume
data in the server apparatus 30 or image DB circuitry 22. In
addition, in the same manner as described above, the pro-
cessing circuitry 23 reconstructs the volume data of the 3D
texture from the loaded image data idl, and displays the
slice image of the volume data vdl on the display circuitry
20. Thereafter, by the background process, the processing
circuitry 23 loads residual image data id2, . . . , on the
background, and stores the image data id2, . . ., in the
intermediate buffer circuitry 24.

[0131] The reconstruction process by the reconstruction
program 234 of the processing circuitry 23 includes an
update process of updating the volume data for displaying
the slice image, by the residual data loaded on the back-
ground and the loaded partial data. For example, in the case
of the example of FIG. 13, by the update process, the
processing circuitry 23 reconstructs volume data vd2 of the
3D texture by the image data id2 loaded in the intermediate
buffer circuitry 24 on the background, and the already
loaded image data idl. Then, the processing circuitry 23
updates the volume data vdl, which was reconstructed
previously, to the volume data vd2 which was reconstructed
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this time. Thereby, compared to the volume data vd1l which
was reconstructed previously, the volume data vd2 recon-
structed this time has an enhanced image quality of a display
plane perpendicular to the z axis by a degree corresponding
to the image data id2 loaded this time. Update by this update
process is repeatedly executed, for example, in predeter-
mined update cycles. For example, in the case of the update
of the next time, the processing circuitry 23 reconstructs
volume data vd3 of the 3D texture by image data id3 loaded
in the intermediate buffer circuitry 24 on the background,
and the already loaded image data id1 and id2. Then, the
processing circuitry 23 may update the volume data vd2,
which was reconstructed previously, to the volume data vd3
which was reconstructed this time.

[0132] Next, the operation of the ultrasonic diagnosis
apparatus with the above-described configuration will be
described with reference to a flowchart of FIG. 14.

[0133] Now, steps ST1 to ST7 are executed in the same
manner as described above. In step ST7, if it is determined
that the loading of the interpolation part is not to be ended,
the ultrasonic diagnosis apparatus 10 executes, in place of
the above-described step ST8, step ST8A which includes
ST8A-1 to ST8A4.

[0134] Specifically, the processing circuitry 23 determines
whether the user is operating the input interface circuitry 19
(step ST8A-1). If the determination result of step ST8A-1
indicates that the user is operating the input interface cir-
cuitry 19, the processing circuitry 23 transmits a load request
to the server apparatus 30 on the background, loads residual
data from the server apparatus 30 into the intermediate
buffer circuitry 24 (step ST8A-2), and returns to step ST8A-
1.

[0135] On the other hand, if the determination result of
step ST8A-1 indicates that the user is not operating the input
interface circuitry 19, the processing circuitry 23 determines
whether a predetermined update cycle has come or not (step
ST8A-3). If “NO” in step ST8A-3, the processing circuitry
23 returns to step ST8A-1.

[0136] Ifthe determination result of step ST8A-3 indicates
that the predetermined update cycle has come, the process-
ing circuitry 23 reconstructs volume data by the image data
loaded in the intermediate buffer circuitry 24 on the back-
ground, and the already loaded image data. Then, the
processing circuitry 23 updates the volume data, which was
reconstructed previously, to the volume data which was
reconstructed this time (step ST8A-4), and advances to step
STS.

[0137] On the other hand, in step ST7, if it is determined
that the loading of the interpolated part is to be ended, the
ultrasonic diagnosis apparatus 10 executes the process of
step ST9 onwards in the manner as described above.
[0138] As described above, according to the present
embodiment, while the ultrasonic probe 11 is being oper-
ated, the unloaded residual data is loaded in the intermediate
buffer circuitry 24 on the background. In addition, the
volume data for displaying the slice image is updated by the
residual data loaded on the background and the loaded
partial data.

[0139] Thus, according to the present embodiment, by the
configuration including the intermediate buffer circuitry 24
which temporarily stores residual data that is loaded on the
background, the load process of data and the update process
of volume data do not interfere with each other. Thereby, in
addition to the advantageous effects of the first embodiment,
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it becomes easier to execute the storage of data on the
background, the reconstruction and the update.

[0140] A supplemental description is given. The process-
ing circuitry 23 progresses the loading of data in the inter-
mediate buffer circuitry 24 while the ultrasonic probe 11 is
being operated. In addition, when the ultrasonic probe 11 is
not being operated, the processing circuitry 23 reconstructs
volume data from the data in the intermediate buffer cir-
cuitry 24, and updates the volume data. Accordingly, the
loading of data and the update of volume data can be
switched and executed, depending on whether the ultrasonic
probe 11 is being operated or not.

[0141] Additionally, according to the present embodiment,
since the reconstructed volume data is updated in update
cycles, the image quality of volume data can be improved
stepwise in accordance with the update cycles.

Third Embodiment

[0142] Next, an ultrasonic diagnosis apparatus according
to a third embodiment will be described with reference to
FIG. 1.

[0143] The third embodiment is a modification of the first
embodiment, and has such a configuration that the progress
degree of loading is displayed on the display circuitry 20, as
illustrated in FIG. 15. Although an equation in FIG. 15 is not
displayed on the actual screen, the equation may be dis-
played when the cursor is moved to the vicinity of a progress
degree “Volume Quality=50%". In addition, since the prog-
ress degree corresponds to the image quality of volume data,
the progress degree may be displayed as “Volume Quality”.
Specifically, the term “progress degree” may be replaced
with another term if the term expresses the corresponding
meaning.

[0144] Accordingly, the control process by the control
program 23d of the processing circuitry 23 calculates the
progress degree of loading by the background load process,
and, after the update by the update process, controls the
display circuitry 20 so as to further display the calculated
progress degree. The progress degree can be calculated, for
example, as the ratio of the number of loaded images to the
total number of images.

[0145] Next, the operation of the ultrasonic diagnosis
apparatus with the above-described configuration will be
described with reference to a flowchart of FIG. 16.

[0146] Now, steps ST1 to ST8 are executed in the same
manner as described above. After the completion of step
ST8, the processing circuitry 23 calculates the progress
degree of loading by the background load process (step
ST8B), and goes to step ST5. In step ST5 of the second and
following times, the processing circuitry 23 updates the
volume data by the update process, and then controls the
display circuitry 20 so as to parallel-display the slice image
of volume data and the ultrasonic image, and to further
display the progress degree calculated in step ST8B. Spe-
cifically, since the progress degree is displayed after the
update of volume data, the progress degree serves as an
index corresponding to the image quality of the slice image
of the updated volume data.

[0147] Subsequently, the steps of step ST6 onwards are
executed in the same manner as described above.

[0148] As described above, according to the present
embodiment, the progress degree of loading is calculated,
and, after the volume data is updated, the calculated progress
degree is displayed. By this configuration, in addition to the

Aug. 3, 2017

advantageous effects of the first embodiment, the index
corresponding to the image quality of the slice image (MPR
image), which is being displayed, can be presented to the
user.

[0149] A supplemental description is given. When the data
load is progressing on the background, the volume data
reconstructed from the partial data is incomplete volume
data. Thus, by displaying a GUI (Graphical User Interface)
for presenting the progress degree of loading to the user, it
becomes possible to present to the user the progress degree
of data loading on the background and the image quality of
the slice image that is being displayed.

[0150] In the meantime, although the third embodiment
was described as being implemented as the modification of
the first embodiment, the restriction to this is unnecessary,
and the third embodiment may be implemented as a modi-
fication of the second embodiment. Thereby, in addition to
the advantageous effects of the second embodiment, the
third embodiment can similarly obtain the advantageous
effects relating to the progress degree.

Fourth Embodiment

[0151] Next, an ultrasonic diagnosis apparatus according
to a fourth embodiment will be described with reference to
FIG. 1.

[0152] The fourth embodiment is a modification of the
first embodiment, and has a configuration relating to a
read-out position, as illustrated in FIG. 17. In an example of
FIG. 17, image data, where were already loaded in the first
load, are indicated by reference numeral (1), and image data,
which are to be loaded in the second, third and fourth loads,
are indicated by reference numerals 2, 3 and 4. Specifically,
FIG. 17 illustrates that image data 2, 3 and 4 are loaded in
the order from a position closest to the image data (1) which
is currently displayed based on the output of the ultrasonic
probe 11.

[0153] Accordingly, the background load process of the
processing circuitry 23 is a process of loading residual data
such that priority is given to the data at a read-out position
close to the read-out position of the data corresponding to
the position information which was acquired by the position
acquisition circuitry 15 from the output of the position
sensor 12.

[0154] A supplemental description is given. After the
completion of registration, the fusion transitions to a syn-
chronous state. Then, based on the position and angle in the
position information, a position at which the scan plane of
the ultrasonic image and the volume intersect is calculated,
and image data is successively read out from the read-out
position of image data close to the position of intersection.
[0155] Next, the operation of the ultrasonic diagnosis
apparatus with the above-described configuration will be
described with reference to a flowchart of FIG. 18.

[0156] Now, steps ST1 to ST7 are executed in the same
manner as described above. In step ST7, if it is determined
that the loading of the interpolation part is not to be ended,
the ultrasonic diagnosis apparatus 10 executes, in place of
the above-described step ST8, step ST8C which includes
ST8C-1 and ST8C-2.

[0157] Specifically, the background load process of the
processing circuitry 23 determines the read-out position of
residual data such that priority is given to the data at a
read-out position close to the read-out position of the data
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corresponding to the position information which was
acquired by the position acquisition circuitry 15 (step ST8C-
1).

[0158] Subsequently, the background load process of the
processing circuitry 23 transmits a load request including the
determined read-out position and read-out intervals to the
server apparatus 30 on the background. Thereby, the pro-
cessing circuitry 23 loads residual data from the determined
read-out position on the background (step ST8C-2), and
goes to step ST5 of the second and following times.
[0159] Subsequently, the process of step ST5 onwards is
executed in the same manner as described above.

[0160] As described above, according to the present
embodiment, the residual data is loaded such that priority is
given to the data at a read-out position close to the read-out
position of the data corresponding to the acquired position
information. By this configuration, in addition to the advan-
tageous effects of the first embodiment, the image quality
can be improved in the order from data close to the currently
display slice image. Thus, compared to the case of improv-
ing the image quality on average over the entire range of
volume data, the image quality of a necessary range can
quickly be improved. For example, if a target is searched and
alignment is executed, the density of image data can be
increased with priority to a part near the position of the
ultrasonic image that is to be registered.

[0161] In the meantime, although the fourth embodiment
was described as being implemented as the modification of
the first embodiment, the restriction to this is unnecessary,
and the fourth embodiment may be implemented as a
modification of the second or third embodiment. Thereby, in
addition to the advantageous effects of the second or third
embodiment, the fourth embodiment can similarly obtain the
advantageous effects relating to the read-out position.

Fifth Embodiment

[0162] Next, an ultrasonic diagnosis apparatus according
to a fifth embodiment will be described with reference to
FIG. 1.

[0163] The fifth embodiment is a modification of the first
embodiment, and has a configuration relating to the pitch of
image feed, as illustrated in FIG. 19. In an example of FIG.
19, loaded image data are disposed at intervals of 2 mm in
a line-of-sight direction (Z direction) which is petpendicular
to slice images, and the slice images are displayed at equal
intervals. Specifically, FIG. 19 illustrates that, while slice
images corresponding to the loaded image data are dis-
played, slice images corresponding to the interpolation part
are not displayed.

[0164] Accordingly, the control process by the control
program 23d of the processing circuitry 23 includes a
process of setting the pitch of slice image feed at a time of
interlock-displaying slice images in the line-of-sight direc-
tion perpendicular to the slice images, and controlling the
display circuitry 20 so as to further display the set pitch.
[0165] A supplemental description is given. While the
slice image (MPR image) is being displayed, the pitch is set
at a fixed interval when the display cross section is fed in the
line-of-sight direction, and the set pitch is displayed on the
GUI. Here, the pitch is basically set by the user, but the pitch
may be automatically set in accordance with the reconstruc-
tion method of volume data. The interval of 2 mm is merely
an example, and the interval may be changed to other values.
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[0166] Next, the operation of the ultrasonic diagnosis
apparatus with the above-described configuration will be
described with reference to a flowchart of FIG. 20.

[0167] Now, steps ST1 to ST6 are executed in the same
manner as described above. In the user operation acceptance
state of step ST6, in the same manner as described above, the
ultrasonic image and the slice image of volume data, which
are registered, are interlock-displayed. Here, it is assumed
that in the ultrasonic diagnosis apparatus 10, the pitch of
slice image feed at the time of interlock-displaying slice
images in the line-of-sight direction perpendicular to the
slice images was input by the user operation. The processing
circuitry 23 sets the input pitch of slice image feed (step
ST6A), and controls the display circuitry 20 so as to further
display the set pitch.

[0168] Subsequently. the process of step ST7 onwards is
executed in the same manner as described above.

[0169] As described above, according to the present
embodiment, the pitch of slice image feed at the time of
interlock-displaying slice images in the line-of-sight direc-
tion perpendicular to the slice images is set, and the display
circuitry 20 is controlled so as to further display the set pitch.
Accordingly, in addition to the advantageous effects of the
first embodiment, the pitch of slice image feed can be
presented to the user.

[0170] A supplemental description will be given. Accord-
ing the present embodiment, the pitch of slice image feed is
set at the read-out interval at the time of loading. Thereby,
while slice images corresponding to the loaded image data
are displayed, slice images corresponding to the interpola-
tion part are not displayed. Therefore, even at the stage of
loading which is being executed, the image quality of the
slice image, which is displayed, can be kept at high quality.
[0171] In the meantime, although the fifth embodiment
was described as being implemented as the modification of
the first embodiment, the restriction to this is unnecessary,
and the fifth embodiment may be implemented as a modi-
fication of each of the second to fourth embodiments.
Thereby, in addition to the advantageous effects of the
second to fourth embodiments, the fifth embodiment can
similarly obtain the advantageous effects relating to the pitch
of image feed.

Sixth Embodiment

[0172] FIG. 21 is a schematic view illustrating an ultra-
sonic diagnosis apparatus and a server apparatus according
to a sixth embodiment, and a peripheral configuration
thereof.

[0173] The sixth embodiment is a modification of the first
embodiment. As illustrated in FIG. 21, compared to the
configuration illustrated in FIG. 1, the processing circuitry
32 of the server apparatus 30 executes a read-out process by
a read-out program 32a, like the above-described read-out
function, and executes a reconstruction process by a recon-
struction program 325 and a return process by a second
return program 32¢, in place of the first return function.
[0174] Here, the reconstruction process by the reconstruc-
tion program 325 is a process of reconstructing volume data
of a smaller data amount than the volume data in the storage
circuitry 31, from the read-out partial data. The return
process by the second return program 32c is a process of
returning (transferring) the reconstructed volume data to the
transmission source of the load request. For example, as
illustrated in FIG. 22, the processing circuitry 32 recon-
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structs, before transfer (return), volume data vdl which is
obtained by thinning out prestored volume data vd0, and
transfers the reconstructed volume data vdl to the ultrasonic
diagnosis apparatus. Thereby, an overhead of transferring
image data one by one can be eliminated.

[0175] The ultrasonic diagnosis apparatus 10 can inter-
lock-display the slice image based on the volume data,
which was loaded by transmitting the load request to the
server apparatus 30, and the ultrasonic image based on the
output of the ultrasonic probe, in accordance with the
position of the ultrasonic probe 11.

[0176] Next, the operation of the server apparatus and
ultrasonic diagnosis apparatus having the above-described
configurations will be described with reference to a flow-
chart of FIG. 23.

[0177] In the ultrasonic diagnosis apparatus 10, by an
operation of the user such as a doctor, the ultrasonic probe
11 is put in contact with a subject, the inside of the subject
is scanned by an ultrasonic beam, and an ultrasonic image is
generated based on an output of the ultrasonic probe 11.
Thereby, in the ultrasonic diagnosis apparatus 10, the ultra-
sonic image is displayed on the display circuitry 20 (step
ST21).

[0178] In the processing circuitry 23 of the ultrasonic
diagnosis apparatus, for example, the server apparatus 30 is
designated as a load source by the user’s operation, and
volume data of a load target is designated. Then, a load
request including the designation of the volume data is
transmitted to the server apparatus 30 (step ST22).

[0179] Upon receiving the load request (step ST23), the
processing circuitry 32 of the server apparatus 30 reads out
the volume data, which is designated in the load request,
from the storage circuitry 31, and checks the number of
images of the volume data (step ST24).

[0180] Subsequently, the processing circuitry 32 deter-
mines the read-out position and read-out interval by thinning
out the data such that the number of images becomes 1/x,
and reads out predetermined data from the volume data in
the storage circuitry 31, based on the read-out position and
read-out interval (step ST25). The predetermined data is, for
example, partial data of the volume data. Specifically, based
on the read-out position and read-out interval, the processing
circuitry 32 reads out reference image data serving as a
reference, from the read-out position in the volume data, and
writes identification information of the read-out image data
into the image arrangement map, based on the read-out
position of the read-out image data. In addition, the pro-
cessing circuitry 32 reads out image data in the storage
circuitry 31 from the reference image data at read-out
intervals, and writes the identification information of the
image data into the image arrangement map in accordance
with the read-out position of the image data.

[0181] These steps ST23 to ST25 are an example of the
read-out process which is realized by the processing cir-
cuitry 32 reading out the read-out program 32a from the
storage circuitry 31 and executing the read-out program 32a.
The read-out process is a process in which the processing
circuitry 32 reads out predetermined data from the volume
data in the storage circuitry 31, based on the load request
transmitted from the ultrasonic diagnosis apparatus 10.
[0182] Next, the processing circuitry 32 reconstructs vol-
ume data exhibiting the thinned-out state in step ST25, based
on each read-out image data (step ST26). Specifically, the
processing circuitry 32 reconstructs volume data of three-
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dimensional images in which slice images are arranged at
read-out intervals, without interpolating the thinned-out part
(the part of 1-1/x). This step ST26 is an example of the
reconstruction process which is realized by the processing
circuitry 32 reading out the reconstruction program 324
from the storage circuitry 31 and executing the reconstruc-
tion program 325. This reconstruction process is a process of
reconstructing volume data of a smaller data amount than
the volume data in the storage circuitry 31, from the partial
data which was read out by the read-out process.

[0183] Thereafter, the processing circuitry 32 transmits
the volume data exhibiting the thinned-out state and the
image arrangement map to the ultrasonic diagnosis appara-
tus 10 (step ST27). This step ST27 is an example of the
return process which is realized by the processing circuitry
32 reading out the return program 32c¢ from the storage
circuitry 31 and executing the return program 32¢. This
return process is a process of returning the reconstructed
volume data, which was reconstructed by the reconstruction
process, to the transmission source of the load request.

[0184] After step ST27, the processing circuitry 32 deter-
mines whether the loading of the residual part is to be ended
or not (step ST28). If “NO” in step ST28, the processing
circuitry 32 reads out the residual data on the background
(step ST29), and goes to step ST26. For example, if a load
end instruction is not received and there is unloaded residual
data, the processing circuitry 32 determines “NO” in step
ST28. Here, the load end instruction is used for stopping
further loading, in the same manner as described above.

[0185] On the other hand, the processing circuitry 23 of
the ultrasonic diagnosis apparatus 10 receives the volume
data and image arrangement map, which were transmitted
from the server apparatus 30 (step ST30), and writes the
volume data and image arrangement map into the storage
circuitry 18.

[0186] After the completion of reception, the processing
circuitry 23 interpolates and reconstructs the volume data in
the storage circuitry 18, based on the image arrangement
map, and the processing circuitry 23 parallel-displays the
slice image, which is based on the reconstructed volume
data, and the ultrasonic image on the display circuitry 20
(step ST31). In step ST30 of the second and following times,
the processing circuitry 23 reconstructs new volume data by
replacing the interpolation part in the previously recon-
structed volume data with image data in the newly received
volume data. Thereafter, the processing circuitry 23 updates
the current volume data with the new volume data, and
parallel-displays the slice image of the updated volume data
and the ultrasonic image.

[0187] After the start of the parallel-display in step ST31,
the processing circuitry 23 transitions to the user operation
acceptance state for accepting a user operation (step ST32).
In the user operation acceptance state, registration of the
position/angle information of the slice image of the volume
data and the ultrasonic image is executed by the user’s
operation.

[0188] After the completion of registration, the ultrasonic
diagnosis apparatus 10 interlock-displays the ultrasonic
image and the slice image of the volume data in accordance
with the position of the ultrasonic probe 11.

[0189] Thereafter, in the user operation acceptance state,
while the user visually recognizes the ultrasonic image and
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slice image of the volume data which are interlock-dis-
played, the user applies puncture or RFA treatment to the
subject.

[0190] On the other hand, in the user operation acceptance
state of step ST32, while the processing circuitry 23 accepts
a user operation, the processing circuitry 23 determines
whether the loading of the residual part is to be ended or not
(step ST33). For example, if a load end instruction is not
input and there is unloaded residual data, the processing
circuitry 23 determines “NO”, and continues the determi-
nation of step ST33.

[0191] In the determination of step ST33, for example, if
the load end instruction is input by the user operation or if
the loading of all data is completed, the processing circuitry
23 determines that the loading is to be ended, and transmits
the load end instruction to the server apparatus 30 (step
ST34).

[0192] After step ST34, the processing circuitry 23 recon-
structs new volume data by replacing the interpolation part
in the previously reconstructed volume data with image data
in the last received volume data. Thereafter, the processing
circuitry 23 updates the current volume data with the new
volume data, and parallel-displays the slice image of the
updated volume data and the ultrasonic image on the display
circuitry 20 (step ST35). During this parallel-display, the
processing circuitry 23 finely adjusts the alignment result
and registration result between the slice image of the volume
data and the ultrasonic image in accordance with the user
operation, and executes interlock-display (step ST36).
Thereafter, in the same manner as described above, while the
user visually recognizes the ultrasonic image and slice
image of the volume data which are interlock-displayed, the
user applies puncture or RFA treatment to the subject.

[0193] As has been described above, according to the
present embodiment, the server apparatus 30 reads out
predetermined data from the volume data, and reconstructs
volume data of a smaller data amount than the volume data
in the storage circuitry 31, from the read-out data. Thereaf-
ter, the reconstructed volume data is returned to the trans-
mission source of the load request.

[0194] Thereby, in addition to the advantageous effects of
the first embodiment, the overhead of the process, in which
the server apparatus 30 transmits the image data one by one,
can be eliminated.

[0195] A supplemental description is given. The server
apparatus 30 does not transmit the image one by one, but
transmits the volume data of a small data amount. Therefore,
the overhead of the transmission process can be eliminated.
Here, the volume data of the small data amount may be
created by the above-described thinning-out process, or may
be created from the image data at a position near the
currently displayed position. Besides, the server apparatus
30 may transmit the volume data on the background until
receiving the load end instruction from the ultrasonic diag-
nosis apparatus 10, as described above, or may transmit the
volume data at each time by receiving the load request from
the ultrasonic diagnosis apparatus 10.

[0196] According to at least one of the above-described
embodiments, predetermined data is loaded from prestored
volume data, and volume data is reconstructed from the
loaded data. In addition, the slice image of the reconstructed
volume data and the ultrasonic image based on the output of
the ultrasonic probe are displayed in parallel.
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[0197] Thus, according to the embodiments, the load time
of volume data can be shortened, compared to the case of
loading all data in the volume data. Therefore, a hindrance
to the workflow due to the load time of volume data can be
reduced.

[0198] The term “processor” used in the above description
means, for example, a CPU (Central Processing Unit), a
GPU (Graphics Processing Unit), or circuitry such as an
ASIC (Application Specific Integrated Circuit), or a pro-
grammable logic device (e.g. SPLD (Simple Programmable
Logic Device), CLPD (Complex Programmable Logic
Device), FPGA (Field Programmable Gate Array)). The
processor realizes functions by reading out and executing
programs stored in the memory circuitry. In the meantime,
instead of storing programs in the memory circuitry, such a
configuration may be adopted that programs are directly
incorporated in the circuitry in the processor. In this case, the
processor realizes functions by reading out and executing
programs stored in the circuitry. Each of the processors in
the embodiments may not be configured as single circuitry
for each processor. A plurality of independent circuitries
may be constructed as a single processor, and the functions
of the processor may be realized. Furthermore, a plurality of
structural elements in FIG. 1, FIG. 12 and FIG. 21 may be
integrated in a single processor, and the functions of the
processor may be realized.

[0199] The position acquisition circuitry 15 in the first
embodiment is an example of position acquisition circuitry
in the claims. The load program 23a, reconstruction program
23b, registration program 23¢ and control program 23d in
the first embodiment are examples of a load process, a
reconstruction process, a registration process and a control
process which processing circuitry in the claims executes.
The display circuitry 20 in the first embodiment is an
example of a display in the claims. The background load
process and update process in the first embodiment are
examples of a background load process and an update
process in the claims. The storage circuitry 31, read-out
program 32a, reconstruction program 325 and second return
program 32¢ in the sixth embodiment are examples of
storage circuitry, and a read-out process, a reconstruction
process and a return process which the processing circuitry
executes, which are recited in the claims.

[0200] 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.

1. An ultrasonic diagnosis apparatus comprising:

position acquisition circuitry configured to acquire posi-
tion information of an ultrasonic probe;

processing circuitry configured to execute a load process
of loading predetermined data from volume data stored
in other apparatus, and to execute a reconstruction
process of reconstructing volume data from the loaded
data; and
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a display configured to display in parallel a slice image of
the reconstructed volume data and an ultrasonic image
based on an output of the ultrasonic probe,

wherein the processing circuitry is configured to execute
a registration process in such a manner as to register a
position of the ultrasonic image based on the output of
the ultrasonic probe and a position of the slice image
based on the loaded data, and to execute a control
process of controlling, after the registration process, the
display in such a manner as to interlock-display the
ultrasonic image and the slice image in accordance with
the position information.

2. The ultrasonic diagnosis apparatus of claim 1, wherein
the predetermined data is thinned-out data, data bundled in
units of a predetermined number of data, data at a prede-
termined imaging time, or data of an extracted predeter-
mined region.

3. The ultrasonic diagnosis apparatus of claim 1, wherein
the registration process includes a process of accepting an
operation for registration.

4. The ultrasonic diagnosis apparatus of claim 1, wherein
the registration process includes a process of executing
automatic registration, based on position information which
the ultrasonic image and the slice image have, or based on
the ultrasonic image and the slice image.

5. The ultrasonic diagnosis apparatus of claim 1, wherein
the load process includes a background load process of
loading data, which has not been loaded by the loading, on
a background, while the ultrasonic probe is being operated,
and

the reconstruction process includes an update process of
updating volume data for displaying the slice image, by
the data loaded on the background and partial data
which has been loaded by the loading.

6. The ultrasonic diagnosis apparatus of claim 5, wherein
the background load process includes a process of loading
the data which has not been loaded by the loading, such that
priority is given to data at a read-out position close to a
read-out position of data corresponding to the acquired
position information.
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7. The ultrasonic diagnosis apparatus of claim 1, wherein
the volume data is composed of a plurality of image data,
and

the load process includes a process of loading, as the

predetermined data, partial image data which is
obtained by thinning out the plurality of image data.

8. The ultrasonic diagnosis apparatus of claim 5, wherein
the control process includes a process of calculating a
progress degree of loading by the background load process,
and controlling, after the updating by the update process, the
display in such a manner to further display the calculated
progress degree.

9. The ultrasonic diagnosis apparatus of claim 1, wherein
the control process includes a process of setting a pitch of
slice image feed at a time of executing the interlock-
displaying of the slice image in a line-of-sight direction
perpendicular to the slice image, and controlling the display
in such a manner as to further display the set pitch.

10. A non-transitory computer-readable storage medium
having stored thereon a program which is executable by
processor of a server apparatus which is communicable with
an ultrasonic diagnosis apparatus that is capable of inter-
lock-displaying a slice image based on volume data, which
was loaded by transmitting a load request, and an ultrasonic
image based on an output of an ultrasonic probe, in accor-
dance with a position of the ultrasonic probe, the server
apparatus including storage circuitry prestoring volume
data, the program comprising:

a first program code of causing the processor to execute
a process of reading out predetermined data from the
volume data in the storage circuitry, based on the load
request transmitted from the ultrasonic diagnosis appa-
ratus;
second program code of causing the processor to
execute a process of reconstructing, from the read-out
data, volume data of a smaller data amount than the
volume data in the storage circuitry; and
a third program code of causing the processor to execute

a process of returning the reconstructed volume data to

a transmission source of the load request.
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