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(57) ABSTRACT

Anultrasound diagnosis apparatus and a 3-D image data scan
method that can continuously display 3-D image data in both
a pre-scan mode and a triggered entire volume mode by
collecting the volume data of a plurality of volume scan
regions of an object from the start of the scan. In the pre-scan
mode, a plurality of 3-D sub-regions are set by dividing an
object scan region along a direction vertical to the reference
scan plane. In a triggered volume mode for collecting volume
data, a 3-D scan of a 3-D sub-region including the reference
scan plane is performed in preference to other 3-D sub-re-
gions in order to continuously display 2-D image data
acquired on the reference scan plane in the pre-scan mode and
MPR image data acquired in the entire triggered volume
mode from an initial scan time.
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ULTRASOUND DIAGNOSIS APPARATUS AND
METHOD FOR ACQUIRING 3-D IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from, and the ben-
efit of, Japanese Patent Application No. 2007-214502, filed
on Aug. 21, 2007, the contents of which are expressly incor-
porated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] A. Field of the Invention

[0003] The present invention relates to an apparatus for
acquiring and displaying 3 dimensional (3-D) image data by
scanning a plurality of sub-regions of a target scan region and
a method for acquiring and displaying ultrasound 3-D
images. More particularly, the present invention relates to an
ultrasound diagnosis apparatus that can set a 3-D scan target
region in a preliminary scan mode (hereinafter, “pre-scan
mode”) and acquire 3-D image data (hereinafter, “volume
data”) by sequentially scanning a plurality of sub-divided
scan regions (hereinafter, “sub-scan region™) of the target
region and a method for acquiring volume data of the target
region by initially scanning a sub-scan region that contains or
borders a reference plane of the pre-scan mode, or the closest
sub-scan area.

[0004] B. Background of the Invention

[0005] An ultrasound image diagnosis apparatus transmits
and receives ultrasound through a plurality of ultrasound
transducers installed in an ultrasound probe to and from a
target in an object in a plurality of directions in order to
display the image of the target on a monitor. Since an ultra-
sound image diagnosis apparatus can easily obtain and dis-
play atwo dimensional image or a three dimensional image in
real time by simply touching an ultrasound probe to a
patient’s body surface, it is widely used as an apparatus for
diagnosing the status of a target organ in a patient’s body.

[0006] Conventionally, these devices must move their
probes’ 1-D array transducers in a direction orthogonal to an
array direction or rotate the 1-D array of transducers in order
to acquire 3-D image data by using an ultrasound probe
having a plurality of transducers arrayed in one dimension
(1-D) by transmitting and receiving ultrasound over a 3-D
area of a target organ in an object. 3-D image data are gener-
ated by rendering the acquired 3-D data (hereinafter, “volume
data”).

[0007] Recently, 2-D array ultrasound probes have been
used. The 2-D array ultrasound probe includes a plurality of
transducers arrayed in two dimensions (2-D) (i.e., an azimuth
direction and an elevation direction). By using a 2-D array
ultrasound probe, it becomes possible to electrically control
whole operations of transmissions and receptions of ultra-
sound over a 3-D region of a target in order to significantly
shorten volume scan time of the target and improve operabil-
ity of an ultrasound examination.

[0008] However, in ultrasound transmission and reception,
it has been necessary to repeat ultrasound transmission and
echo reception for extremely long times in order to acquire
volume data of a desired 3-D region. The required time for
performing a respective ultrasound transmission and recep-
tion is determined by the acoustic velocity of the ultrasound
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transmission into an object and the maximum imaging depth.
Accordingly, much time is required to acquire volume data of
a sufficient spatial resolution.

[0009] To address this problem for real-time display of
image data, a technique has been developed to simulta-
neously receive a plurality of echo ultrasound signals
reflected from atarget in an object. This is defined as a parallel
simultaneous receiving method. By applying the parallel
simultaneous receiving method to a 3-D scan (volume scan),
it becomes possible to reduce 3-D data acquisition time.
However, a very large number of parallel receptions are
required in order to perform a volume scan for an organ that
moves in accordance with each heart beat or cardiac cycle,
such as a patient’s heart. To realize such a large number of
parallel receptions, very complicated circuit arrangements
for ultrasound devices have been required. This is a serious
problem for manufacturing in view of cost performance.
[0010] To solve the above-mentioned problem, U.S. Pat.
No. 6,544,175 has proposed a method for collecting volume
data by dividing a portion of a diagnosis subject into a plu-
rality of 3-D sub-regions in order to successively scan the
plurality of 3-D sub-regions while synchronizing with a car-
diac cycle. Hereinafter, in order to assist a simple understand-
ing of this specification, such a method for acquiring volume
data by sequentially scanning a plurality of regions by refer-
encing and synchronizing to ECG (electric cardiogram) sig-
nals of a patient’s heart beats is simply referred to as a “trig-
gered volume scan” method.

[0011] The conventional triggered volume scan method
performs a plurality of volume scans sequentially over each
of a plurality of 3-D sub-regions of a subject’s volume scan
region during a prescribed period and stores the acquired
sub-volume data with the cardiac cycle data after once dis-
playing the newly acquired sub-volume data. When acquisi-
tion of sub-volume data for a plurality of 3-D sub-regions has
completed, volume data for each volume scan regions is
generated by combining each of the sub-volume data sets of
the plurality of 3-D sub-regions at the same heart beat phases.
The compounded 3-D image data are processed so as to
generate 3-D image data, such as sequential volume render-
ing image data and multi planar reconstruction (MPR) image
data at a desired slice plane. By doing so, it becomes possible
to observe 3-D image data of a diagnosis object portion as a
motion image.

[0012] The conventional triggered volume scan method
designates a reference scanning plane and a volume scan
region based on 2-D image data acquired by a single plane
scan or a multi-plane scan, such as a bi-plane scan over a
diagnosis object portion in a pre-scan mode performed before
acquiring entire volume data over a volume scan region.
[0013] Inthe entire volume data acquisition mode, the vol-
ume scan area is divided into a plurality of 3-D sub-regions
based on a prescribed interval between the sub-regions. Each
of the plurality of 3-D sub-region is successively scanned in
order to collect data for each sub-volume. By composing the
collected sub-volume data, 2-D multi planar reconstruction
image data (hereinafter “MPR image data”) at a reference
scanning plane and 3-D image data are generated and dis-
played in a display unit. By monitoring the displayed MPR
image data, it is judged whether acquisition of volume data of
a volume scan region is correctly performed. If a problem is
found, the acquisition of volume data is repeated.

[0014] Generally, the volume scan region of a diagnosis
portion in an object is based upon a reference scanning plane
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in order to monitor the acquisition status of volume data for a
volume scan region. Consequently, when an acquisition of
sub-volume data of a plurality of 3-D sub-regions is started
from a 3-D sub-area located at an edge portion of the volume
scan region, it happens to display no MPR image data for the
reference scanning plane while collecting sub-volume data of
the plurality of 3-D sub-regions including the reference scan-
ning plane. Thus it becomes impossible to display the most
important diagnosis data until the acquisition of sub-volume
data for the 3-D sub-regions is completed.

[0015] Thus, while the triggered volume scan method col-
lects 2-D image data of the reference scanning plane by
performing acquisition of 2-D image data with matching
positions of two orthogonal cross-sections in the pre-scan
mode, no display of MPR image data in the reference scan-
ning plane acquired in the triggered entire volume mode
occurs. Consequently, triggered volume scans cannot observe
the initial view of a motion image ofa diagnostic portion. This
is a problem because the monitoring accuracy of the volume
data is deteriorated. Furthermore, this increases monitoring
burdens for an operator.

SUMMARY OF THE INVENTION

[0016] To solve the above-mentioned conventional prob-
lems and defects, the present invention provides a new ultra-
sound diagnosis apparatus for sequentially acquiring 3-D
image data (volume data) by scanning a plurality of sub-scan
regions of a target area, as well as a method for acquiring a
volume data of a target area by determining aninitial sub-scan
region of the plurality of sub-scan regions. Thus, the present
invention provides an ultrasound diagnosis apparatus and
method for sequentially acquiring volume data of a volume
scan region by performing a heart beat synchronized volume
scan of a plurality of 3-D sub-regions of a diagnosis object
portion in an object.

[0017] According to the ultrasound diagnosis apparatus
consistent with the present invention, it becomes possible to
continuously display both 2-D image data of a reference
scanning plane generated in a pre-scan mode ofa volume scan
region and MPR image data of the reference scanning plane
generated based on volume data acquired from the volume
scan region in the heart beat synchronized, entire volume
mode.

[0018] One aspect of the ultrasound diagnosis system con-
sistent with the present invention is an ultrasound diagnosis
apparatus configured to sequentially acquire volume data
from a volume scan region by applying a heart beat synchro-
nized volume scan method over a plurality of 3-D sub-regions
designated on a diagnosis object portion in an object, the
ultrasound diagnosis apparatus including:

[0019] areference scanning plane setting unit configured to
set a reference scanning plane to the diagnosis object portion;
[0020] a 2-D image data generating unit configured to
sequentially generate 2-D image data based on signals
received from the reference scanning plane;

[0021] sub-region setting units configured to set a plurality
of 3-D sub-regions by dividing the volume scan region along
a direction not parallel to the reference scan;

[0022] an MPR image data generating unit configured to
sequentially generate MPR image data based on sub-volume
data acquired through sub-volume scans of each of the plu-
rality of 3-D sub-regions;
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[0023] a scan control unit configured to perform the sub-
volume scan of a 3-D sub-region that contains or borders the
reference scanning plane, or the closest 3-D sub-region to the
reference scanning plane; and

[0024] a display unit configured to display the 2-D image
data and the MPR image data.

[0025] Another aspect of the ultrasound diagnosis appara-
tus consistent with the present invention is an ultrasound
diagnosis apparatus configured to collect volume data by
scanning a volume scan region ofa diagnosis object portion in
an object, the ultrasound diagnosis apparatus, including:
[0026] areference scanning plane setting unit configured to
a reference scanning plane of the diagnosis object portion;
[0027] a 2-D image data generating unit configured to
sequentially generate 2-D image data based on signals
received through the reference scanning plane;

[0028] an MPR image data generating unit configured to
sequentially generate MPR image data based on the volume
data by a volume scan over the volume scan region;

[0029] a scan control unit configured to perform an initial
ultrasound scan of a reference scanning plane in the volume
scan region; and

[0030] a display unit configured to display the 2-D image
data and the MPR image data.

[0031] A further aspect of the present invention is an ultra-
sound diagnosis scanning method for sequentially acquiring
volume data over a volume scan region by applying a heart
beat synchronized volume scan method over a plurality of
3-D sub-regions provided on a diagnosis object portion in an
object, including:

[0032] setting a reference scanning plane for the diagnosis
object portion;
[0033] sequentially generating 2-D image data based on

signals received from the reference scanning plane;

[0034] setting aplurality of 3-D sub-regions by dividing the
volume scan region in a direction crossing the reference scan-
ning plane;

[0035] sequentially generating MPR image data based on
sub-volume data acquired by volume scan over the plurality
of 3-D sub-regions;

[0036] controlling the volume scan so as to perform an
initial scan of a 3-D sub-region that contains or borders the
reference scanning plane, or the closest 3-D sub-region to the
reference scanning plane; and

[0037] displaying the 2-D image data and the MPR image
data.
[0038] According to the present invention, it becomes pos-

sible to continuously display both 2-D image data of a refer-
ence scanning plane generated in a pre-scan mode of a vol-
ume scan region, and MPR image data of the reference
scanning plane generated based on volume data acquired
from the volume scan region in the heart beat synchronized
entire volume mode. Consequently, monitoring accuracy can
be increased when acquiring volume data of a diagnosis por-
tion in an object and burdens for a monitoring operator can be
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are incorpo-
rated in and constitute part of this specification, illustrate
various embodiments and/or features of the present invention,
and together with the description, serve to explain embodi-
ments of the present invention. Where possible, the same
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reference number will be used throughout the drawings to
describe the same or like parts. In the drawings:

[0040] FIG. 11is a block diagram illustrating an ultrasound
diagnosis apparatus in accordance with preferred embodi-
ments of the present invention.

[0041] FIG. 2 is a block diagram illustrating the transmis-
sion and reception unit, and the receiving signal processing
unit in the ultrasound diagnosis apparatus shown in FIG. 1.
[0042] FIG. 3A illustrates the direction of ultrasound trans-
mission and reception in a volume scan by 2-D array trans-
ducers provided in an ultrasound probe.

[0043] FIG. 3B illustrates the direction of ultrasound trans-
mission and reception projected on the x-z plane in the vol-
ume scan shown in FIG. 3A.

[0044] FIG. 3C illustrates the direction of ultrasound trans-
mission and reception projected on the y-z plane in the vol-
ume scan shown in FIG. 3A.

[0045] FIG.4A illustrates an exemplary reference scanning
plane and an auxiliary scan plane being set in a pre-scan mode
of an embodiment.

[0046] FIG. 4B is an example display of 2-D image data
acquired at the reference scanning plane shown in FIG. 4A.
[0047] FIG. 4C is an example display of 2-D image data
acquired at the auxiliary scan plane shown in FIG. 4A.
[0048] FIG. 5 is an example illustrating a plurality of 3-D
sub-regions formed by dividing a volume scan region in this
embodiment.

[0049] FIG. 6A is an example illustrating a reference scan-
ning plane among the four divided 3-D sub-regions shown in
FIG. 5.

[0050] FIG. 6B is an exemplary display of a multi planar
reconstruction (MPR) image data Im1 generated from the
reference scanning plane in the sub-volume data acquired
with taking preference as shown in FIG. 6A.

[0051] FIG. 6C is an exemplary display of an MPR image
data Im2 generated from the auxiliary scan plane in the sub-
volume data acquired in initial scans as shown in FIG. 6A.
[0052] FIG. 7A shows heart beat periods (cardiac cycles)
being set in accordance with an electrocardiogram based on
switching timing from a pre-scan mode to a triggered entire
volume mode in the present embodiment.

[0053] FIG. 7B shows newly collected and stored sub-vol-
ume data for each of the cardiac cycles shown in FIG. 7A.
[0054] FIG. 7C is an exemplary construction of composed
sub-volume data generated by composing collected and
stored sub-volume data shown in FIG. 7B and already col-
lected and stored sub-volume data.

[0055] FIGS.8A-8D are exemplary displays of MPR image
data of the reference scanning plane and the auxiliary scan
plane displayed in each of cardiac cycles in the embodiment
shown in FIG. 7A.

[0056] FIG.9is a flowchart illustrating processes for both
the generation and display of MPR image data in the present
embodiment.

[0057] FIG.10A illustrates another embodiment for setting
areference scanning plane in an arbitrary direction during the
pre-scan mode.

[0058] FIG. 10B illustrates a volume scan region being set
based on the reference scanning plane shown in FIG. 10A.
[0059] FIG. 11A illustrates another embodiment for setting
areference scanning plane in an arbitrary direction againstthe
direction of the transducer array.

[0060] FIG.11B illustrates another embodiment for setting
a plurality of 3-D sub-regions by dividing based on an auxil-
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iary scan plane perpendicularly intersecting the reference
scanning plane shown in FIG. 11A.

DESCRIPTION OF THE EMBODIMENTS

[0061] In the following description of the preferred
embodiments in accordance with the present invention, prior
to the acquisition of 3-D data (volume data) of a diagnosis
object portion in an object, a preliminary scan to determine a
3-D data acquiring region (hereinafter, “pre-scan mode”) is
performed by using two scanning planes orthogonally inter-
secting with each other (hereinafter, “bi-plane”). Based onthe
2-D image data acquired at each of the bi-planes in a pre-scan
mode, a volume scan region (scan range) of a particular
diagnosis object portion is set and either bi-plane is set as a
reference scan plane for acquisition of volume data of the
diagnosis object portion.

[0062] In the following triggered entire volume mode for
acquiring volume data of a target diagnosis portion, the deter-
mined volume scan region is divided into a plurality of 3-D
sub-regions of the diagnosis object in a direction orthogonal
to the reference scan plane at a prescribed interval. According
to the present invention, in a triggered entire volume mode for
sequentially acquiring volume data of a target region, a par-
ticular 3-D sub-region that includes the reference scan plane
is initially scanned to acquire sub-volume data among the
plurality of the divided 3-D sub-regions. The initial sub-
volume data are stored with heart beat (cardiac cycle) phase
data. From the initial sub-volume data, two sets of multi-
planar reconstruction (MPR) image data are generated by
extracting voxels, each corresponding to the reference scan
plane and an auxiliary scan plane that orthogonally intersects
the reference scan plane. The two generated MPR image data
sets are displayed on a display unit in real-time.

[0063] Similarly, sub-volume data are serially acquired
from a 3-D sub-region adjoining the initial 3-D sub-region
included in the reference scan plane and stored with cardiac
cycle data. The acquired sub-volume data of the adjoining
3-D sub-region are combined with the previously stored sub-
volume data based on the stored cardiac cycle data. By gen-
erating MPR image data of the compounded sub-volume data
at the reference scan plane and the auxiliary scan plane, the
previously displayed MPR image data are renewed by the
newly generated MPR image data. Successively, sub-volume
data are serially acquired from the remaining sub-regions and
MPR image data are also generated based on the stored car-
diac cycle data by composing the previous sub-volume data.
By monitoring this MPR image data, the acquisition status of
volume data of the target region is judged in the triggered
entire volume mode.

[0064] In this embodiment, for purposes of discussion
herein, MPR image data in a triggered entire volume mode are
generated and displayed based on a reference scan plane and
an auxiliary scan plane, set in a pre-scan mode and orthogo-
nally intersecting the reference scan plane. Of course, it is
possible to choose an arbitrary intersection angle with the
reference scan plane and the auxiliary scan plane. Usually,
either one of the reference scan plane or the auxiliary scan
plane is determined as the array direction of a plurality of
transducers in an ultrasound probe, as explained later.
[0065] FIG. 1isablock diagram of an ultrasound diagnosis
system 100 in accordance with preferred embodiments of the
present invention. The ultrasound diagnosis system 100
includes a transmission/reception unit 2, a 2-D ultrasound
probe 3, a receiving signal processing unit 4, a 2-D data
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memory unit 5, a sub-volume data generating unit 6, a sub-
volume data composing unit 7 and a image data generating
unit 8. The transmission/reception unit 2 includes a transmit-
ting unit 21 for supplying driving signals to the transducers in
the ultrasound probe 3 and a receiving unit 22 for adding
receiving signals supplied from the transducers. The ultra-
sound probe 3 includes a plurality of 2-D arrayed transducers
for transmitting ultrasound pulses (transmission ultrasound)
over a 2-D area or 3-D volume of a diagnosis object portion in
an object in accordance with driving signals from the trans-
mission unit 21 and also for converting ultrasound echo sig-
nals into electric signals. The receiving signals acquired from
a plurality (M) of channels of the transducers in the ultra-
sound probe 3 are arranged in phases and added in the receiv-
ing unit 22. The added receiving signals are processed for
generating B mode image data in the receiving signal pro-
cessing unit 4.

[0066] The 2-D data memory unit 5 stores B mode data
collected from an object in a reference scanning plane and an
auxiliary scan plane orthogonally intersecting the reference
scanning plane during a pre-scan mode before scanning an
entire 3-D volume. The collected and processed B mode data
are stored so as to correspond to the ultrasound transmission
and reception directions.

[0067] In a triggered entire volume scan mode, the sub-
volume data generating unit 6 generates sub-volume data by
storing B mode data acquired from a plurality of 3-D sub-
regions that are set up against a 3-D scan region of an object
through a sub-region setting unit 11 with cardiac cycle data so
as to correspond to transmission and reception directions.
[0068] The sub-volume data composing unit 7 composes
sub-volume data generated in the sub-volume data generating
unit 6 based on the cardiac cycle phase data and sub-region
data stored as additional data. The image data generating unit
8 generates 2-D image data and MPR image data of a diag-
nosis object portion at a reference scan plane and an auxiliary
scan plane and 3-D image data of the volume scanregionina
diagnosis object portion based on 2-D data supplied from the
2-D data memory unit 5 and composed sub-volume data
supplied from the sub-volume data composing unit 7.
[0069] The ultrasound diagnosis apparatus 100, as illus-
trated in FIG. 1, further includes a display unit9, an input unit
10, a sub-region setting unit 11, a scan control unit 12, a vital
signals (electro-cardio graph) measuring unit 13, a heart beat
(cardiac cycle) phase calculating unit 14 and a system control
unit 15.

[0070] The display unit 9 displays 2-D image data and 3-D
image data generated by the image data generating unit 8. The
input unit 10 performs input operations upon object data,
setting image data generating conditions, setting a reference
scan plane, setting a volume scan region, setting a sub-region
interval (space) in a 3-D sub-region, and so on.

[0071] The sub-region setting unit 11 sets up a plurality of
3-D sub-regions by dividing a volume scan region of a diag-
nosis object portion along a direction orthogonally intersect-
ing a reference scan plane based on volume scan region data
and sub-region interval data supplied from the input unit 10.
The scan control unit 12 controls delaying times for the trans-
mission and reception unit 2 in order to perform 2-D scans at
a reference scan plane and an auxiliary scan plane set on a
diagnosis object portion in a pre-scan mode, and also to
perform volume scans of a plurality of 3-D sub-regions set on
a diagnosis object portion in a triggered entire volume mode.
The electro-cardio graph (living body signal measuring) unit
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13 measures ECG waves of the object. The heart beat (cardiac
cycle) phase calculating unit 14 calculates cardiac cycle
phases based on ECG waves provided from the electro-cardio
graph measuring unit 13. The system control unit 15 controls
all of the above-mentioned units.

[0072] The ultrasound probe 3 includes a plurality (M) of
2-D arrayed transducers provided on a top surface portion of
the probe. Ultrasound transmission and reception of echo
ultrasound are performed by touching the top surface portion
to a body surface of an object. Often, a gel is used as an
intermediary between the body surface and probe surface.
The transducers convert driving pulse signals to transmission
signals composed of ultrasound pulses during transmission
time, and convert ultrasound echoes to receiving signals dur-
ing reception time. Each of the plurality M of transducers is
coupled to the transmission and reception unit 2 through a
multi-channel cable.

[0073] In the ultrasound diagnosis system 100 in accor-
dance with preferred embodiments of the present invention,
as an example of the ultrasound probe 3, a 2-D array sector
scan ultrasound probe including a plurality of M transducers
is used. Of course, it is also possible to use, for example, a
linear scan ultrasound probe or a convex scan ultrasound
probe.

[0074] FIG. 2 is a block diagram illustrating the transmis-
sion and reception unit, and the receiving signal processing
unit in the ultrasound diagnosis apparatus shown in FIG. 1.
The transmission unit 21 for supplying drive signals to the
transducers in the ultrasound probe 3 includes a rate pulse
generator 211, a transmission delay circuit 212 and a driving
circuit 213. The rate pulse generator 211 generates rate pulses
which determine a recycle period for transmission ultra-
sound. The generated rate pulses are supplied to the transmis-
sion delay circuit 212. The transmission delay circuit 212
includes a plurality of independent delay circuits of the same
number of transducers M as used for transmission in order to
drive a selected number Mt (Mt is equal or smaller than M)
among 2-D array transducers of a total number of M. The
transmission delay circuit 212 gives a convergence delay time
for converging the transmission ultrasound into a prescribed
depth and a deviation delay time for transmitting ultrasound
in a prescribed direction (®p, ¢q) to the rate pulses and
supplies to the driving circuit 213. The delay time of the
transmission delay circuit 212 is controlled by the scan con-
trol unit 12.

[0075] The reception unit 22 also includes a plurality of
independent driving circuits of the same number M as the
transmission delay circuit212. The reception unit 22 includes
aplurality of A/D converters 221 and reception delay circuits
222 for selecting Mr transducers (Mr is equal or smaller than
M) for reception channels among the 2-D array transducers of
number M. The reception unit 22 further includes an adder
223 of 1 channel. The reception signals of Mr channel sup-
plied from the Mr receiving transducers are converted to
digital signals in the A/D converter 221 and supplied to the
reception delay circuit 222.

[0076] The reception delay circuit 222 gives each of the
reception signals of Mr channels outputted from the A/D
converter 221 a convergence delay time for converging recep-
tion ultrasound from a prescribed depth and a deviation delay
time for setting a reception directivity to a predetermined
direction (Op, ¢q). The reception signals acquired from the
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prescribed direction (®p, ¢q) are added in the adder 223. The
delay time of the reception delay circuit 222 is controlled by
the scan control unit 12.

[0077] 1t is possible for the reception unit 22 to simulta-
neously receive reception ultrasound beams from a plurality
of directions by controlling the reception delay circuit 222 of
Mr channels supplied from the transducers. By applying this
parallel simultaneous reception, it becomes possible to sig-
nificantly decrease the necessary time for performing a trig-
gered entire volume mode.

[0078] The reception signals received by the reception unit
22 are processed and generated as B mode data in the recep-
tion signals processing unit 4. The reception signals process-
ing unit 4 includes an envelope detector 41 for detecting the
envelope of the reception signals supplied from the adder 223
in the reception unit 22 and a logarithmic converter 42 for
generating B mode data by converting the amplitude of the
envelope detected reception signals. It is possible to replace
of the positions of the envelope detector 41 and the logarith-
mic converter 42.

[0079] The B mode data generated in the reception signals
processing unit 4 are supplied to the 2-D data memory unit 5
and the sub-volume data generating unit 6. The system con-
trol unit 15 controls both the transmission unit 21 and the
reception signals processing unit 4.

[0080] FIG. 3A illustrates an ultrasound probe 3 having
2-D array transducers Trs and an ultrasound transmission/
reception position P (r, ®p, ¢q). The ultrasound probe 3 has a
center axis (z-axis). The ultrasound transmission/reception
position P (r, ®p, ¢q) locates at a distance r from a surface of
the transducers Trs in an x-axis (azimuth) direction and a
y-axis (elevation) direction. FIG. 3B illustrates a projected
position P on an x-z plane transmitting and receiving ultra-
sound at an angle ®p in the x-axis (azimuth) direction from
the z-axis. FIG. 3C illustrates a projected position Pon ay-z
plane transmitting and receiving ultrasound at an angle ¢q in
the y-axis (elevation) direction from the z-axis. The delay
time in the transmission delay circuit 212 in the transmission
unit 21 and the reception delay circuit 222 in the reception
unit 22 are controlled by the scan control signals supplied
from the scan control unit 12 in order to perform 2-D scan on
a reference scan plane and an auxiliary scan plane in a pre-
scan mode and perform a volume scan on a 3-D region in a
triggered entire volume mode. For instance, a reference scan
plane is set on the x-z plane and an auxiliary scan plane is set
on the y-z plane.

[0081] With reference to FIG. 1, B mode data acquired by
2-D scanning on a reference scan plane and an auxiliary scan
plane set in a pre-scan mode is stored in the 2-D data memory
unit 5 together with the ultrasound transmission and reception
direction data. In this embodiment, positions and directions
of the ultrasound probe 3 touching to a body surface of an
object are adjusted so as that a scan plane supplying the most
effective data for a target ultrasound examination coincides
with the reference scan plane in the x-z plane in FIG. 3B. The
B mode data acquired on both the reference scan plane and the
auxiliary scan plane perpendicular to the reference scan plane
are serially stored in the 2-D data memory unit 5.

[0082] The sub-volume data generating unit 6 includes a B
mode data memory unit, an interpolation processing unit and
avolume data memory unit. These units are not shown in FIG.
1. In the B mode data memory unit in the sub-volume data
generating unit 6, B mode data are generated in the reception
signals processing unit 4 based on reception signals collected
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by a volume scan on each of the plurality of 3-D sub-regions
that are set on a diagnosis object portion in an object with
accompanying to data of ultrasound transmission/reception
directions. The interpolation processing unit in the sub-vol-
ume data generating unit 6 forms 3-D data by arranging the
plurality of B mode data of 3-D sub-regions at a prescribed
time phase, read out from the B mode data memory unit in
accordance with the transmission/reception directions. The
interpolation processing unit further generates sub-volume
data formed of equidistant voxels by interpolating unequal
distance voxels constructing the 3-D data. The acquired sub-
volume data are stored in the volume data memory unit
according to 3-D sub-region and also according to cardiac
cycle time phase.

[0083] The sub-volume data composing unit 7 includes a
memory circuit and a calculation circuit (not shown). The
calculation circuit in the sub-volume data composing unit 7
composes the sub-volume data already stored in the memory
circuit in the sub-volume data generating unit 6 as well as
sub-volume data newly supplied from the sub-volume data
generating unit 6 based on the accompanying 3-D sub-region
data and cardiac cycle time phase data. The composed sub-
volume data are stored in the memory circuit in the sub-
volume data composing unit 7. While the sub-volume data
newly supplied from the sub-volume data generating unit 6
has already included the composed sub-volume data stored in
the memory circuit in the sub-volume data composing unit 7
as a sub-volume data acquired from the same 3-D sub-region,
the calculation circuit updates the composed sub-volume data
by replacing old stored sub-volume data with newly supplied
sub-volume data. Sub-volume data will be explained later in
detail.

[0084] The image data generating unit 8 includes a 2-D
image data generating unit 81 and a 3-D image data generat-
ingunit 82. In a pre-scan mode, the 2-D image data generating
unit 81 generates 2-D image data by arranging 2-D data on a
reference scan plane and an auxiliary scan plane supplied
from the 2-D data memory unit 5, corresponding to the
accompanying data of ultrasound transmission/reception
directions. If necessary, the 2-D image data generating unit 81
generates the 2-D image data by executing image processing,
such as contour extraction or smoothing. Further, in a trig-
gered entire volume mode, the 2-D image data generating unit
81 generates two MPR image data sets by reading out the
composed sub-volume data stored in the memory circuit in
the sub-volume data composing unit 7 and extracting voxels
corresponding to the reference scan plane and an auxiliary
scan plane among the composed sub-volume data.

[0085] The 3-D image data generating unit 82 is capable of
generating 3-D image data such as volume rendering image
data or surface rendering image data by performing a render-
ing process on the composed sub-volume data supplied from
the sub-volume data composing unit 7. For instance, the 3-D
image data generating unit 82 includes an opacity/color tone
setting unit and a rendering process unit. The opacity/color
tone setting unit in the 3-D image data generating unit 82 sets
an opacity and a color tone for each voxel based on a voxel
value from the composed sub-volume data. The rendering
processing unit in the 3-D image data generating unit 82
generates 3-D image data by rendering the composed sub-
volume data based on the opacity data or the color tone data
set by the opacity/color tone setting unit.

[0086] Thedisplay unit9includes a display datagenerating
unit, a data converting unit and a monitor. In a pre-scan mode,
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the display data generating unit generates display data by
arranging 2-D image data generated on a reference scan plane
and an auxiliary scan plane in the 2-D image data generating
unit 81 and in the image data generating unit 8 in parallel. In
a triggered entire volume mode, the display data generating
unit generates display data by arranging, in parallel, MPR
image data at a reference scan plane and an auxiliary scan
plane of the composed sub-volume data generated in the 2-D
image data generating unit 81 in the image data generating
unit 8. The data converting unit performs D/A conversion and
display format conversion of display data generated by the
display data generating unit in order to display this data on the
monitor.

[0087] FIG. 4A illustrates a reference scan plane and an
auxiliary scan plane that are set in a pre-scan mode. As shown
in FIG. 4A, the reference scan plane Spl is set in an azimuth
direction so as to pass the z-axis of the ultrasound probe 3 at
its center. The auxiliary scan plane Sp2 is set so as to orthogo-
nally intersect the reference scan plane Spl in an elevation
direction at the center axis. FIG. 4B is a display example of a
2-D image data Id1 acquired at the reference scan plane Spl
and displayed on the display unit 9. FIG. 4C is a display
example of a 2-D image data Id2 acquired at the auxiliary
scan plane Sp2 and displayed on the display unit 9. Based on
the two sets of 2-D image data acquired at the reference scan
plane Spl and the auxiliary scan plane Sp2, a volume scan
region for a triggered entire volume mode is set.

[0088] Thus, the position and direction of the ultrasound
probe 3 is adjusted so that the reference scan plane Spl
becomes the most effective scanning plane for acquiring the
most effective data for a diagnosis of a target portion. By
deciding the reference scan plane Spl, the auxiliary scan
plane Sp2 is also decided so as to orthogonally intersect the
reference scan plane Spl. Based on an azimuth scan scope R1
of the 2-D image data Id1 and an elevation scan scope R2 of
the 2-D image data 1d2 that are respectively acquired on the
reference scan plane Sp1 and the auxiliary scan plane Sp2 and
displayed on the display unit 9A in a pre-scan mode, a volume
scan region S0 (FIG. 5) in a triggered entire volume mode is
determined.

[0089] Inatriggered entire volume mode, two MPR image
data sets are also generated on the reference scan plane and
the auxiliary scan plane in order to display composed sub-
volume data on the display unit 9 as explained later.

[0090] The input unit 10 (FIG. 1) includes a display panel
and an input device on an operation panel. An input device
such as a keyboard, trackball, mouse, selection buttons, or
input buttons may be used. By using the display panel and the
input devices, various input operations and setting operations,
such as inputting object data, selecting a pre-scan mode or a
triggered entire volume mode, setting volume data generating
conditions, setting generating conditions and/or displaying
conditions of 2-D image data, MPR image data and 3-D
image data, and inputting various command signals can be
performed.

[0091] The input unit 10 includes a reference scan plane
setting unit 101 for setting a reference scan plane, a volume
scan region setting unit 102 for setting a volume scan region
in a triggered entire volume mode based on 2-D image data
acquired on the reference scan plane Spl and the auxiliary
scan plane Sp2, and a sub-region interval setting unit 103 for
setting a space interval between two sub-regions.

[0092] The sub-region setting unit 11 sets a plurality of 3-D
sub-regions by dividing a volume scan region in a triggered
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entire volume mode (set by the volume scan region setting
unit 102) on a diagnosis object portion based on the reference
scan plane Sp1 data as well as volume scan region data and
sub-region interval data at a prescribed sub-region space
interval in a vertical direction to the reference scan plane. The
reference scan plane Spl data and the volume scan region
data are supplied from the reference scan plane setting unit
101 and the volume scan region setting unit 102 in the input
unit 10 through the system controller 15. The sub-region
interval data are supplied from the sub-region interval setting
unit 103 through the system controller 15. The sub-region
setting unit 11 further searches a 3-D sub-region including a
reference scan plane among the set plurality of 3-D sub-
regions.

[0093] The scan control unit 12 controls delay times of the
transmission/reception unit 2 in order to perform 2-D scans
on the reference scan plane and the auxiliary scan plane
decided in a pre-scan mode on a diagnosis object portion, and
also to perform a volume scan for each of the plurality of 3-D
sub-regions set on the diagnosis object portion for a triggered
entire volume mode. In order to perform volume scans in a
triggered entire volume mode on each of the plurality of 3-D
sub-regions that is set on a vertical (azimuth) direction to the
reference scan plane, it is noted that initially, a volume scan is
performed upon a particular 3-D sub-region including the
reference scan plane, based on a retrieval result supplied from
the sub-regions setting unit 11. Following this initial volume
scan, a volume scan along the azimuth direction is performed
upon a 3-D sub-region adjoining the initial 3-D sub-region.
Doing so, aplurality of 3-D sub-region scans are performed in
the triggered entire volume mode.

[0094] With reference FIGS. 5 and 6, sefting a plurality of
3-D sub-regions in a volume scan region, and MPR image
dataacquisition of the particular 3-D sub-regionincluding the
reference scan plane are explained in detail. As illustrated in
a non-limiting fashion in FIG. 5, in a pre-scan mode, the
sub-region setting unit 11 sets four 3-D sub-regions S1-S4 on
a volume scan region S0 along the elevation scan scope R2
based on two 2-D image data sets acquired on the reference
scan plane and the auxiliary scan plane. The volume scan
region SO, as illustrated in FIGS. 4B and 4C, is determined
based on both of the azimuth scan scope R1 set in the 2-D
image data Idl on the reference scan plane Spl and the
elevation scan scope R2 set in the 2-D image data Id2 of the
auxiliary scan plane Sp2. The four of 3-D sub-regions S1 to
S4 are formed by dividing the volume scan region SO with a
prescribed sub-region interval AR along the elevation direc-
tion to the reference scan plane.

[0095] FIG. 6A illustrates that the reference scan plane Sp1
is included in 3-D sub-region S3 among the four 3-D sub-
regions S1 to S4. Thus, the 3-D sub-region S3 including the
reference scan plane Sp1 becomes a particular 3-D sub-re-
gion among the four of 3-D sub-regions S1 to S4. A volume
scan of this particular 3-D sub-region S3 is initially per-
formed and acquired as sub-volume data Vd3, taking prefer-
ence over the remaining three 3-D sub-regions S1,S2 and S4.
Based on the sub-volume data Vd3 acquired, as illustrated in
FIGS. 6B and 6C, MPR image data Im1 are generated from
the reference scanning plane and Im2 is generated from the
auxiliary scan plane in the sub-volume data.

[0096] FIG. 6B illustrates an example of an MPR image
data Im1 generated by extracting a voxel ofthe reference scan
plane at the acquired sub-volume data Vd3. FIG. 6C illus-
trates an example of MPR image data Im2 generated by
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extracting a voxel of the auxiliary scan plane at the acquired
sub-volume data Vd3. During a prescribed period, for
instance, one heart beat cycle, the acquired MPR image data
Im1 and Im2 are displayed on a monitor in the display unit 9
in real time as video. In this instance, the MPR image data
Im2 shown in FIG. 6B includes only a quarter (%4) of the
image data of the scan scope along the elevation direction of
the volume scan region.

[0097] Following the collection of sub-volume data for the
particular 3-D sub-region S3, serial collections and compo-
sitions of sub-volume data for the respective 3-D sub-regions
S4, S1 and S2 along the elevation direction will be explained
with reference to FIGS. 7A through 7C.

[0098] FIG.7A illustrates an example of electrocardiogram
(ECG) waves in order to set heart beat cycles based on R wave
measuring times t0, t1,12, . .. tn in the ECG waves of an object
by starting at an exchanging time ST from the pre-scan mode
to the triggered entire volume mode. FIG. 7B illustrates
examples of newly acquired and stored sub-volume data in
each of the heart beat cycles. FIG. 7C illustrates examples of
composed sub-volume data generated by composing the
newly acquired and stored sub-volume data in each of the
heart beat cycles with the already acquired and stored sub-
volume data.

[0099] Just after exchanging from a pre-scan mode to a
triggered entire volume mode at the time ST, the sub-volume
data Vd31 for the 3-D sub-region S3 are acquired in a first
heart beat (H.B.) period [t0-t1] in preference. By receiving
the sub-volume data Vd31, the sub-volume data composing
unit 7 stores the acquired sub-volume data Vd31 with both
3-D sub-region data and cardiac cycle phase data, for
instance, an elapsed time of R waves, as accompanying data
in a memory circuit. The sub-volume data composing unit 7
further supplies the acquired sub-volume data Vd31 to the
2-D image data generating unit 81 in the image data generat-
ing unit 8. The 2-D image data generating unit 81 generates
MPR image data at the reference scan plane in the sub-
volume data Vd3 and MPR image data at the auxiliary. The
two generated MPR image data sets are displayed on a display
unit 9 in real time.

[0100] Following the first heart beat (H.B.) period [t0-t1],
in asecond H.B. period [t1-t2], sub-volume data Vd41 for the
3-D sub-region S4 is acquired. The sub-volume data compos-
ing unit 7 composes the newly acquired sub-volume data
Vd41 with the previous sub-volume data Vd31 stored in the
memory circuit based on the accompanying 3-D sub-region
data and cardiac cycle phase data. The 2-D image data gen-
erating unit 81 generates MPR image data of the composed
sub-volume data at the reference scan plane and MPR image
data of the obtained composed sub-volume data at the auxil-
iary scan plane and displays it on the display unit 9.

[0101] Similarly, in a third H.B. period [t2-t3], MPR image
data are generated and displayed based on newly composed
3-D sub-volume data in which sub-volume data Vdi1l
acquired from the sub-region S1 are added. In a fourth H.B.
period [t3-14], sub-volume data Vd21 acquired from the 3-D
sub-region S2 are newly added and generated for newly com-
posed volume data, i.e., a volume data for the volume scan
region. Using the composed volume data, MPR image data
for the volume scan region are generated and displayed.
[0102] Following to the fourth H.B. period [t3-t4], in a
subsequent fifth H.B. period [t4-t5], the sub-volume data
composing unit 7 replaces the sub-volume data Vd31 in the
composed sub-volume data 3-D sub-region S3 with newly
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acquired sub-volume data Vd32. Similarly, in each of the
following sixth H.B. period [t5-16], a seventh H.B. period, a
eighth H.B. period [t6-17], a ninth H.B. period [t7-8] . . . , the
sub-volume data of Vd41, Vd11,Vd21, . .., are replaced by
each of newly acquired sub-volume data of Vd42, Vdi2,
Vd22, . .. from the 3-D sub-regions S4, S1, S2, . . ., respec-
tively. Thus, the composed sub-volume data are successively
renewed by newly acquired sub-volume data. Based on
renewed composed sub-volume data, MPR image data at the
reference scan plane and the auxiliary scan plane is generated
and displayed on the monitor.

[0103] FIGS. 8A-8D illustrate examples of displays of
MPR image data Im1 on the reference scan plane and MPR
image data Im2 on the auxiliary scan plane in the starting four
H.B. periods from the first H.B. period [t0-t1] to the fourth
H.B. period [t3-t4]. As illustrated in FIGS. 8A-8D, the MPR
image data Im1 based on the sub-volume data Vd31 that is
acquired in the first H.B. period [t0-t1] are repeatedly dis-
played as the same MPR image data Iml in each of the
following periods from the second H.B. period [t1-t2] to the
fourth H.B. period [t3-t4]. After the fourth H.B. period [t3-
4], similarly an MPR image data Im1, based on sub-volume
data Vd32 acquired in the fifth H.B. period [t4-t5], are repeat-
edly displayed from the fifth H.B. period [t4-t5] to the eighth
H.B. period [t7-t8]. Similar displays of MPR image data Im1
are repeated after the ninth H.B. period [t8-t9].

[0104] In contrast, MPR image data Im2 on the auxiliary
scan plane, as illustrated in FIGS. 8A to 8D, is updated in a
different fashion. An image display of a first set of MPR
image data Im2a on the auxiliary scan plane is acquired in the
first H.B. period [t0-t1]. A second set of MPR image data
Im2b on the auxiliary scan plane is acquired in the second
H.B. period [t1-t2] and added to the first set of MPR image
data. Next, an image display of a third MPR image data set
Im2c¢ on the auxiliary scan plane acquired in the third H.B.
period [t2-13] is added to the first and second MPR image data
set Im2. Similarly, an image display of a fourth MPR image
data Im2d on the auxiliary scan plane acquired in the fourth
H.B. period [t3-t4] is added to the first and third MPR image
data set Im2. Aftera fifth H.B. period [t4-t5], an image display
of the MPR image data set Im2 on the auxiliary scan plane is
successively replaced by a ¥4 MPR image data set based on a
newly acquired sub-volume data.

[0105] Turning to FIG. 1, the electro-cardiograph unit 13
measures heart beat cycles of an object. The electrocardio-
graph unit 13 includes measuring electrodes that detect car-
diac waves by attaching, on the body surface of the object, an
amplification circuit for amplifying the detected cardiac
waves to a prescribed amplitude, and an A/D converter for
converting the amplified cardiac waves to digital signals.
[0106] The cardiac cycle time phase calculating unit 14
calculates cardiac cycle time phases based on the cardiac
waves supplied from the electrocardiograph unit 13. At first,
the positions of R waves are detected by measuring a peak
value of the cardiac waves. Next, a cardiac cycle time phase is
calculated by determining the interval between two adjoining
R waves (R-R interval) within a prescribed time interval. The
calculated cardiac cycle time phase is affixed to the sub-
volume data generated in the sub-volume data generating unit
6 as accompanying data.

[0107] The system control unit 15 includes a central pro-
cessing unit (CPU) and a memory circuit. The above-men-
tioned various data inputted and set by the input unit 10 are
stored in the memory circuit of the system control unit 15. The
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CPU of the system control unit 15 controls each unit in the
ultrasound diagnosis apparatus 100 based on the inputted and
set data in order to generate 2-D image data on the reference
scan plane and the auxiliary scan plane set on a diagnosis
object portion, to set a volume scan region based on the 2-D
image data, to set 3-D sub-regions of the volume scan region,
and to collect and compose sub-volume data on the 3-D
sub-regions. Further, the CPU of the system control unit 15
controls the generation and display of the MPR image data of
composed sub-volume data acquired on the reference scan
plane and the auxiliary scan plane.

[0108] FIG. 9 is a flowchart illustrating a process of gen-
eration and display of MPR image data for monitoring sub-
volume data acquired from a plurality of 3-D sub-regions that
are set on a diagnosis object portion in an object.

[0109] Prior to a pre-scan for setting a volume scan region
and a reference scan plane of a diagnosis object portion, an
operator of the ultrasound diagnosis apparatus 100 inputs
object data, and sets various generating conditions, such as
volume data, 2-D image data, MPR image data and 3-D image
data through the input unit 10. Display conditions and sub-
region intervals of the 3-D sub-regions are also set though the
input unit 10. These inputted data and settings are stored in the
memory circuit in the system control unit 15 (FI1G. 9, step S1).

[0110] When the initial sets are completed, the operator
selects a pre-scan mode coinciding with a bi-plane scan
through the input unit 10 (FIG. 9, step S2). Then, an image
data generation start command is inputted through the input
unit 10, coinciding with attaching a tip portion of the ultra-
sound probe 3 on an appropriate position on an object. By
supplying these command signals to the system control unit
15, generation and display of 2-D image data from the bi-
plane scan is started (F1G. 9, step S3).

[0111] Observing two 2-D image data sets generated by the
bi-plane scan and displayed on the display unit 9, the operator
sets a scan plane that can acquire 2-D image data, including
the most effective diagnosis data, as a reference scan plane
and sets another scan plane orthogonal to the reference scan
plane as an auxiliary scan plane through the reference scan
plane setting unit 101 in the input unit 10 (FIG. 9, step S4).

[0112] Next, the operator sets a volume scan region, in a
triggered entire volume mode, on the 2-D image data
acquired on the reference scan plane and the auxiliary scan
plane by using the volume scan region setting unit 102 in the
input unit 10 (FIG. 9, step S5).

[0113] Observing the 2-D image data on the reference scan
plane and the auxiliary scan plane displayed on the display
unit 9, the operator adjusts the positions and directions of the
ultrasound probe 3 so as to locate the reference scan plane at
the most desired diagnosis portion. After adjusting the ultra-
sound probe 3 on the desired reference scan plane, a selecting
instruction signal for the triggered entire volume mode is
inputted through the input unit 10 (FIG. 9, step S6).

[0114] When the sub-region setting unit 11 receives the
selecting instruction signals from the input unit 10 through
the system control unit 15, it sets a plurality of 3-D sub-
regions by dividing the 3-D scan region that is set on a diag-
nosis portion of an object by the volume scan region setting
unit 102 with a prescribed sub-region interval along direc-
tions vertical to the reference scan plane, based on each of the
reference scan plane data, volume scan region data and sub-
region interval data, each supplied from the reference scan
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plane setting unit 101, the volume scan region setting unit 102
and the sub-region interval setting unit 103 in the input unit 10
(FIG. 9, step S7).

[0115] With reference to FIGS. 6 and 7, the following pro-
cesses are explained. These processes include: a searching of
a 3-D sub-region including the reference scan plane (FIG. 9,
step S8), collection of sub-volume data at a plurality of 3-D
sub-regions set to the volume scan region (FIG. 9, step S9),
composition of a plurality of sub-volume data acquired at the
plurality of 3-D sub-regions (FIG. 9, step S10), and genera-
tion and display of MPR image data of the composed sub-
volume data on the reference scan plane and the auxiliary
scan plane (FIG. 9, step S11).

[0116] Inthe above-mentioned step S7, the sub-region set-
ting unit 11 that has set a plurality of 3-D sub-regions S1 to S4
of the volume scan region of an object searches the 3-D
sub-region S3 including the reference scan plane among these
3-D sub-regions based on position coordinate data and sup-
plies a searching result to the scan control unit 12 (FIG. 9, step
S8).

[0117] The scan control unit 12 performs a volume scan of
the 3-D sub-region S3, including the reference scan plane in
the first H.B. period [t0-t1] that follows to the timing ST
exchanging into a triggered entire volume mode. The sub-
volume data generating unit 6 generates the sub-volume data
Vd31 based on the acquired signals (FIG. 9, step S9).
[0118] The sub-volume data composing unit 7 stores the
generated sub-volume data Vd31 with accompanying cardiac
cycle phase data and 3-D sub-region data in its memory
circuit and supplies the sub-volume data Vd31 to the 2-D
image data generating unit 81 in the image data generating
unit 8. The 2-D image data generating unit 81 generates MPR
image data of the sub-volume data Vd31 supplied from the
sub-volume data composing unit 7 synchronously on both the
reference scan plane and the auxiliary scan plane. The gen-
erated MPR image data are displayed on the display unit 9
(FIG. 9, step S11).

[0119] In the second H.B. period [t1-t2] following the first
H.B. period [t0-t1], the scan control unit 12 performs a vol-
ume scan of the 3-D sub-region S4 adjoining the 3-D sub-
region S3. The sub-volume data generating unit 6 generates
new sub-volume data Vd41 based on the acquired signals
(FI1G. 9, step S9).

[0120] The sub-volume data composing unit 7 composes
the new sub-volume data Vd41 supplied from the sub-volume
data generating unit 6 with the sub-volume data Vd31 stored
in the memory circuit based on the cardiac cycle phase data
and 3-D sub-region data. The composed sub-volume data is
supplied to the 2-D image data generating unit 81 (FIG. 9,
step S10).

[0121] Next, the 2-D image data generating unit 81 gener-
ates MPR image data of the composed sub-volume data on the
reference scan plane and auxiliary scan plane supplied from
the sub-volume data composing unit 7 and displays it on the
display unit 9 (FIG. 9, step S11).

[0122] Similarly, in the third H.B. period [t2-t3], MPR
image data on the reference scan plane and auxiliary scan
plane are generated and displayed based on the composed
sub-volume data that is added to the sub-volume data Vd11
acquired from 3-D sub-region S1 (FIG. 9, steps S9-S11).

[0123] Inthe fourth H.B. period [t3-t4], MPR image data on
the reference scan plane and auxiliary scan plane, are gener-
ated and displayed based on the composed volume data being
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newly added the sub-volume data Vd21 acquired from the
3-D sub-region S2 reference scan (FIG. 9, steps S9-S11).
[0124] Further, in the fifth H.B. period [t4-t5] following the
fourth H.B. period [t3-t4], the sub-volume data composing
unit 7 renews the sub-volume data Vd31 which includes the
composed sub-volume data with sub-volume data Vd32
acquired from the 3-D sub-region S3. In each of the following
H.B. periods [t5-t6], [t6-t7], [t7-t8], . . . , sub-volume data
Vd41,Vdl1,Vd2l, .. . formed of the respectively composed
sub-volume data, are successively renewed by each of sub-
volume data Vd42,Vd12,vd22, .. . acquired from each of the
3-D sub-regions S4, S1, S2. Based on the renewed composed
sub-volume data, MPR image data on the reference scan
plane and the auxiliary scan plane is generated and displayed
(FIG. 9, steps S9-S11).

[0125] FIGS. 10A and 10B illustrate another embodiment
of the 3-D data acquiring method according to the present
invention. In the above-mentioned embodiment, the MPR
image data on the reference scan plane and the auxiliary scan
plane of the volume scan region are generated by applying the
heart beat synchronized (triggered) volume scan method on a
plurality of 3-D sub-regions based on the reference scan plane
and the volume scan region determined on a diagnosis object
portion of an object. In this embodiment, as shown in FIG.
10A, the reference scan plane Spl.x is arbitrarily rotated and
moved from the z-axis of an ultrasound probe 3 along an
azimuth direction. As shown in FIG. 10A, based on the ref-
erence scan plane Splx, a 3-D scan region Sx having a pre-
scribed region width ARX is set on a diagnosis object portion
of an object. MPR image data are generated based on volume
data acquired from the 3-D scan region Sx on the reference
scan plane and auxiliary scan plane.

[0126] As mentioned above, FIG. 10A illustrates a refer-
ence scan plane Splx set in an arbitrary direction in a pre-scan
mode. FIG. 10B illustrates a 3-D scan region Sx having a
prescribed region width ARX that is set on a diagnosis portion
based on the reference scan plane Splx. In this case, the 3-D
scan region Sx is set such that the edge surface ofthe 3-D scan
region Sx coincides to the reference scan plane Sply. When
MPR image data are generated and displayed by moving a
scan plane that is set to the 3-D scan region Sx along a
direction vertical to the reference scan plane a display is
performed in preference. On the other hand, generation of
MPR image data on the reference scan plane is performed in
preference to generation of MPR image data on another scan
plane. By doing so, it becomes possible to continuously
observe both the 2-D image data on the reference scan plane
and MPR image data on the reference scan plane in the
triggered entire volume mode.

[0127] According to the present embodiment, MPR image
data on the scan plane are generated and displayed by moving
the scan plane included in a 3-D (volume) scan region in a
vertical direction to the reference scan plane. In this case, it
becomes possible to continuously observe both 2-D image
data on the reference scan plane and MPR image data on the
reference scan plane in the triggered entire volume mode by
performing generation of MPR image data on the reference
scan plane in preference to generation of MPR image data on
another scan plane.

[0128] As explained above, according to the present inven-
tion, when volume data are collected in a wide scope by
applying a triggered (heart beat synchronized) volume scan
method from a plurality of 3-D sub-regions set on a diagnosis
object portion of an object, it becomes possible to continu-
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ously observe both 2-D image data on the reference scan
plane and MPR image data on the reference scan plane in the
triggered entire volume mode by performing generation of
MPR image data on the reference scan plane in preference to
the generation of MPR image data on another scan plane.
Consequently, it can increase monitoring accuracy due to
increased accuracy of collected volume data. Further, it can
reduce burdens for a monitoring operator.

[0129] According to the present invention, a reference scan
plane and an auxiliary scan plane are set on a diagnosis object
portion of an object. A volume scan region for a triggered
entire volume mode is set based on 2-D image data acquired
on these two scan planes. Consequently, it is possible to set
the most effective volume scan region for a diagnosis. Fur-
ther, according to the present invention, monitoring the vol-
ume data is performed based on the two MPR image data sets
generated on the reference scan plane and auxiliary scan
plane of the composed sub-volume data generated in the
entire volume mode. Consequently, monitoring accuracy can
be increased.

[0130] FIG. 11A illustrates another embodiment of a refer-
ence scan plane and an auxiliary scan plane. In this embodi-
ment, a reference scan plane Spl0 is set by rotating the
orientation of the transducers of ultrasound probe 3 in an
arbitrary direction along an azimuth direction. In this embodi-
ment, as illustrated in FIG. 11B, a volume scan region S10 in
an entire volume mode is set based on the auxiliary scan plane
orthogonal to the reference scan plane Sp10. Further, four
3-D sub-regions, S11 to S14, are set by dividing along an
elevation direction.

[0131] In the above-mentioned embodiment, a reference
scan plane and an auxiliary scan plane are orthogonally inter-
sected. In so far as 3-D data are acquired, such an orthogonal
intersection is not an inevitable feature. It is possible to inter-
sect both planes with a prescribed angle that is nonorthogo-
nal. Further, if a pre-scan mode is performed by multi-plane
scan of more than three scan planes, it is possible to set more
than two scan planes as auxiliary scan planes.

[0132] In the above-mentioned embodiment, it is men-
tioned that sub-volume data are collected on a reference scan
plane in a volume scan region. However, if it is difficult to
acquire the sub-volume data on the reference scan plane, it
may be necessary to generate MPR image data by using
sub-volume data collected on the closest 3-D sub-region to
the reference scan plane. This is also an important feature of
this invention.

[0133] In the above-mentioned embodiment, MPR image
data in a triggered entire volume mode are collected on a
reference scan plane and an auxiliary scan plane that are set in
a pre-scan mode. It is possible to move a scan plane for
collecting MPR image data from the reference scan plane to
another scan plane.

[0134] In the above-mentioned embodiment, 2-D image
data in a pre-scan mode, and volume data including MPR
image data and 3-D image data in a triggered entire volume
mode are generated based on B mode data. Of course, it is
possible to generate these data based on another ultrasound
data, such as color Doppler data.

[0135] In the above-mentioned embodiment, as an exem-
plary feature, a volume scan region S0 is comprised of four
3-D sub-regions S1 to S4 and a reference scan plane is
included in a third 3-D sub-region S3. It is noted that the
number of the 3-D sub-regions and location of the 3-D sub-
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region including the reference scan plane are not limited as
mentioned in the embodiment.

[0136] Inthe above-mentioned embodiments, a plurality of
3-D sub-regions are set up in a vertical direction to a reference
scan plane. Of course, it is possible to set the plurality of 3-D
sub-regions by rotating the reference scan plane around the
z-axis of an ultrasound probe in a prescribed angle.

[0137] Other embodiments consistent with the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the present
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the true
scope and spirit of the present invention being indicated by
the following claims.

What is claimed is:

1. An ultrasound diagnosis apparatus configured to sequen-
tially acquire volume data from a volume scan region by
applying a heart beat synchronized volume scan method over
a plurality of 3-D sub-regions designated on a diagnosis
object portion in an object, the ultrasound diagnosis apparatus
comprising:

a reference scanning plane setting unit configured to set a
reference scanning plane for the diagnosis object por-
tion;

a2-Dimage data generating unit configured to sequentially
generate 2-D image data based on receiving signals col-
lected from the reference scanning plane;

sub-region setting units configured to set a plurality of 3-D
sub-regions by dividing the volume scan region along a
direction not parallel to the reference scanning plane;

a planar image data generating unit configured to sequen-
tially generate planar image data based on sub-volume
data acquired through a sub-volume scan on each of the
plurality of 3-D sub-regions;

a scan control unit configured to perform an initial sub-
volume scan of'a3-D sub-region that contains or borders
the reference scanning plane, or a3-D sub-region closest
to the reference scanning plane; and

adisplay unit configured to display the 2-D image data and
the planar image data.

2. The ultrasound diagnosis apparatus according to claim

1, further comprising:

a volume scan region setting unit configured to set the
volume scan region based on the 2-D image data gener-
ated in the reference scanning plane.

3. The ultrasound diagnosis apparatus according to claim

1,

wherein the display is configured to display 2-D image data
of the reference scanning plane generated in the pre-scan
mode and the planar image data generated on or near the
reference scanning plane in a scan region dividing entire
volume mode.

4. The ultrasound diagnosis apparatus according to claim

2, further comprising:

a sub-region interval setting unit configured to set a sub-
region interval of the plurality of 3-D sub-regions,

wherein the sub-region interval setting unit is configured to
set the plurality of 3-D sub-regions by dividing the vol-
ume scan region set by the volume scan region setting
unit with the sub-region interval along a vertical (eleva-
tion) direction to the reference scanning plane.

5. The ultrasound diagnosis apparatus according to claim

15
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wherein the planarimage data generating unitis configured
to sequentially generate planar image data for the refer-
ence scan plane and the sub-region scan plane based on
the sub-volume data acquired by the volume scan over
the plurality of 3-D sub-regions.

6. The ultrasound diagnosis apparatus according to claim

1, further comprising:

a sub-volume data compounding unit configured to
sequentially generate compounded sub-volume data by
compounding the sub-volume data acquired from the
plurality of 3-D sub-regions,

wherein the planar image data generating unitis configured
to generate the planar image data for the reference scan-
ning plane of the compounded sub-volume data.

7. The ultrasound diagnosis apparatus according to claim

4, further comprising:

a cardiac cycle phase calculating unit configured to calcu-
late a cardiac cycle phase based on a cardiogram
detected from the object,

wherein the sub-volume data compounding unit is config-
ured to generate compounded sub-volume data by com-
pounding the sub-volume data acquired from the plural-
ity of 3-D sub-regions synchronously with the cardiac
cycle phase.

8. The ultrasound diagnosis apparatus according to claim

1, further comprising:

an ultrasound probe of 2-D array transducers,

wherein the reference scanning plane setting unit is con-
figured to set the reference scanning plane based on the
direction of the transducer array.

9. An ultrasound diagnosis apparatus configured to collect
volume data by scanning a volume scan region of a diagnosis
object portion in an object, the ultrasound diagnosis apparatus
comprising:
a reference scanning plane setting unit configured to a
reference scanning plane ofthe diagnosis object portion;

a2-D image data generating unit configured to sequentially
generate 2-D image data based on signals received
through the reference scanning plane;

a planar image data generating unit configured to sequen-
tially generate planar image data based on volume data
acquired by a volume scan over the volume scan region;

a scan control unit configured to perform an initial ultra-
sound scan of a reference scanning plane in the volume
scan region; and

a display unit configured to display the 2-D image data and
the planar image data.

10. The ultrasound diagnosis apparatus according to claim

9, further comprising:

a volume scan region setting unit configured to set the
volume scan region based on the 2-D image data gener-
ated to the reference scanning plane.

11. The ultrasound diagnosis apparatus according to claim

95

wherein the volume scan region setting unit is configured
to set the volume scan region based on the 2-D image
data generated on the reference scanning plane and on an
auxiliary scan plane orthogonally crossing to the refer-
ence scanning plane.

12. The ultrasound diagnosis apparatus according to claim

9,

wherein the planar image data generating unit is configured
to sequentially generate planar image data of the refer-
ence scanning plane or both of the reference scanning
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plane and the auxiliary scan plane based on volume data
collected by a volume scan over the volume scan region.

13. The ultrasound diagnosis apparatus according to claim
9, further comprising:

an ultrasound probe including 2-D array transducers,

wherein the reference scanning plane setting unit is con-

figured to set the reference scanning plane based on the
array direction of the transducers.

14. An ultrasound diagnosis scanning method for sequen-
tially acquiring volume data over a volume scan region by
applying a heart beat synchronized volume scan method over
a plurality of 3-D sub-regions provided on a diagnosis object
portion in an object, the ultrasound diagnosis scanning
method comprising;

setting a reference scanning plane to the diagnosis object

portion;
generating, sequentially, 2-D image data based on receiv-
ing signals acquired from the reference scanning plane;

setting a plurality of 3-D sub-regions by dividing the vol-
ume scan region in a direction crossing the reference
scanning plane;

generating, sequentially, planar image data based on sub-

volume data acquired by the volume scan over the plu-
rality of 3-D sub-regions;

controlling the volume scan so as to perform an initial scan

of a 3-D sub-region that contains or borders the refer-
ence scanning plane, or a 3-D sub-region closest to the
reference scanning plane; and

displaying the 2-D image data and the planar image data.

15. The scanning method according to claim 14, further
comprising;

setting the volume scan region based on the 2-D image data

generated for the reference scan plane.

16. The scanning method according to claim 14,

wherein the displaying of the 2-D image data of the refer-

ence scanning plane that are generated in a pre-scan
mode and the planar image data on or near the reference
scanning plane that are generated in an entire volume
mode is performed in a substantially successive manner.

17. The scanning method according to claim 14, further
comprising:

setting a sub-region interval of the plurality of 3-D sub-

regions;

wherein the plurality of 3-D sub-regions is set by dividing

the set volume scan region at the sub-region interval in a
vertical (elevation) direction to the reference scanning
plane.

18. The scanning method according to claim 14,

wherein the planar image data for the reference scanning

plane and the sub-region scan plane are generated based
on sub-volume data acquired by a volume scan over the
3-D sub-region.

19. The scanning method according to claim 14, further

comprising;
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generating compound sub-volume data by compounding
the sub-volume data collected from the plurality of 3-D
sub-regions; and

generating the planar image data for the reference scanning

plane of the compound sub-volume data.

20. The scanning method according to claim 14, further
comprising;

calculating a cardiac cycle phase based on a electro-car-

diogram detected from the object; and

generating the compound sub-volume data by compound-

ing the sub-volume data collected from the plurality of
3-D sub-regions based on the cardiac cycle phase.

21. The scanning method according to claim 14, further
comprising;

utilizing an ultrasound probe of 2-D array transducers; and

setting the reference scanning plane based on the array

direction of the transducers.

22. An ultrasound diagnosis scanning method for sequen-
tially collecting volume data by scanning a volume scan
region of a diagnosis object portion in an object, the ultra-
sound diagnosis scanning method comprising:

setting a reference scanning plane to a reference scanning

plane of the diagnosis object portion;
generating, sequentially, 2-D image data based on signals
received through the reference scanning plane;

generating, sequentially, a planar image data based on vol-
ume data acquired by a volume scan over the volume
scan region;

controlling so as perform an initial ultrasound scan of a

reference scanning plane in the volume scan region; and
displaying the 2-D image data and the planar image data.

23. The ultrasound diagnosis scanning method according
to claim 22, further comprising:

setting the volume scan region based on the 2-D image data

generated to the reference scanning plane.

24. The ultrasound diagnosis scanning method according
to claim 22, further comprising:

setting the volume scan region based on the 2-D image data

generated on the reference scanning plane and on an
auxiliary scan plane orthogonally crossing to the refer-
ence scanning plane.

25. The ultrasound diagnosis scanning method according
to claim 22,

sequentially generating planar image data of the reference

scanning plane or both of the reference scanning plane
and the auxiliary scan plane based on volume data col-
lected by a volume scan over the volume scan region.

26. The ultrasound diagnosis scanning method according
to claim 22, wherein setting the reference scanning plane is
based on an array direction of 2-D array transducers included
an ultrasonic probe.
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