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ULTRASONIC DIAGNOSTIC APPARATUS,
IMAGE PROCESSING APPARATUS, AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2013/058651 filed on Mar.
25, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-070207, filed on
Mar. 26, 2012 and Japanese Patent Application No. 2013-
062840, filed on Mar. 25, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus, an image processing
apparatus, and an image processing method.

BACKGROUND

[0003] A conventionally known example of a displaying
technique that allows the inside of a lumen to be observed is
a fly-through view with virtual endoscopic (VE) images.
Such a fly-through view uses three-dimensional medical
image data (volume data) including a Iuminal tissue. A VE
image is an image that is generated from volume data using a
perspective projection from a viewpoint position and a line of
sight set inside of a lumen. A fly-through view is a technique
for displaying VE images at different view positions as
dynamic images, by shifting the viewpoint position along the
center line (central line) of the lumen. Fly-through views are
mainly used for volume data including digestive organs such
as a large intestine acquired using an X-ray computed tomog-
raphy (CT) apparatus or a magnetic resonance imaging
(MRI) apparatus.

[0004] Recently having been put in practical use is an ultra-
sonic diagnostic apparatus that generates volume data along a
time sequence approximately in real time, using an ultrasonic
probe that can perform three-dimensional ultrasonic scan-
ning. In the field of ultrasonic examinations as well, fly-
through views using B-mode volume data including luminal
tissues have come to become implemented increasingly.
However, because of the nature of an ultrasonic diagnostic
apparatus, an ultrasonic diagnostic apparatus is not suitable
for observations of organs such as digestive organs not filled
with water or substance. Hence, fly-through views using an
ultrasonic diagnostic apparatus have been applicable to a
lumen filled with fluid, e.g., a blood vessel filled with blood,
or a bile duct filled with bile.

[0005] An ultrasonic diagnostic apparatus is a medical
image diagnostic apparatus having a higher representation
resolution for microstructures, compared with other medical
image diagnostic apparatuses such as an X-ray CT apparatus
and an MRI apparatus, and is useful for observing the circu-
latory system, mainly blood vessels. For example, a fly-
through view of a blood vessel using an ultrasonic diagnostic
apparatus is useful as a new approach for observing a circu-
latory disease such as hemadostenosis or an aneurysm. When
a fly-through view of a lumen is to be provided, the inner wall
of the lumen will be the clipping region, which will be the
target of rendering.
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[0006] However, contours between structures tend to blur
more in an ultrasonic image (B-mode image) than in other
types of medical image such as an X-ray CT image or an MR
image. Therefore, it has been difficult to use a computer
program to automatically detect the inner cavity region of a
lumen in B-mode volume data, unless the lumen has a certain
diameter or larger. Therefore, a fly-through view in an ultra-
sonic diagnostic apparatus is currently limited to a tubular
tissue having a certain diameter or larger, and it has been
difficult to apply a fly-through view to thin tubular structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 11is a block diagram illustrating an exemplary
configuration of an ultrasonic diagnostic apparatus according
to a first embodiment;

[0008] FIG. 2, FIG. 3, FIG. 4, and FIG. 5 are schematics for
explaining the detecting unit according to the first embodi-
ment;

[0009] FIG. 6,FIG.7A,FIG. 7B, and FIG. 7C are schemat-
ics for explaining the image generator according to the first
embodiment;

[0010] FIG. 8 is a flowchart for explaining an exemplary
process performed by the ultrasonic diagnostic apparatus
according to the first embodiment;

[0011] FIG. 9is a block diagram illustrating an exemplary
configuration of an ultrasonic diagnostic apparatus according
to a second embodiment;

[0012] FIG. 10 is a schematic for explaining an acquiring
unit and a detecting unit according to the second embodi-
ment;

[0013] FIG. 11 is a flowchart for explaining an exemplary
process performed by the ultrasonic diagnostic apparatus
according to the second embodiment;

[0014] FIG. 12 is a schematic for explaining a detecting
unit according to a third embodiment;

[0015] FIG. 13, FIG. 14, and FIG. 15 are schematics for
explaining the image generator according to the third
embodiment;

[0016] FIG. 16 is a flowchart for explaining an exemplary

process performed by the ultrasonic diagnostic apparatus
according to the third embodiment;

[0017] FIG. 17 is a schematic for explaining a first varia-
tion; and
[0018] FIG. 18isaschematic for explaining a second varia-
tion.

DETAILED DESCRIPTION
[0019] An ultrasonic diagnostic apparatus according to an

embodiment includes an acquiring unit and a detecting unit.
The acquiring unit acquires fluid volume data representing
fluid information related to a fluid flowing through a scan
region that is a region three-dimensionally scanned by ultra-
sonic. The detecting unit detects a region that is a fluid exist-
ing region in the scanned region using the fluid information,
and detects an inner cavity region of a lumen in volume data
to be applied with image processing using the region thus
detected.

[0020] An ultrasonic diagnostic apparatus according to
some embodiments will now be explained in detail with ref-
erence to the accompanying drawings.
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First Embodiment

[0021] A configuration of an ultrasonic diagnostic appara-
tus according to a first embodiment will be explained. FIG. 1
is a block diagram illustrating an exemplary configuration of
an ultrasonic diagnostic apparatus according to the first
embodiment. As illustrated in FIG. 1, the ultrasomc diagnos-
tic apparatus according to the first embodiment includes an
ultrasonic probe 1, a monitor 2, an input device 3, and a main
apparatus 10.

[0022] Theultrasonic probe 1 includes a plurality of piezo-
electric transducer elements. The piezoelectric transducer
elements generate ultrasonic waves based on driving signals
supplied from a transmitter-receiver 11 provided in the main
apparatus 10, which is to be explained later. The ultrasonic
probe 1 also receives reflection waves from a subject P and
converts the reflection waves into electrical signals. The ultra-
sonic probe 1 also includes matching layers provided on the
piezoelectric transducer elements, and a backing material for
preventing the ultrasonic waves from propagating back-
wardly from the piezoelectric transducer elements. The ultra-
sonic probe 1 is connected to the main apparatus 10 in a
removable manner.

[0023] When an ultrasonic wave is transmitted from the
ultrasonic probe 1 toward the subject P, the ultrasonic wave
thus transmitted is reflected one after another on a discontinu-
ous acoustic impedance surface in body tissue within the
subject P, and received as reflection wave signals by the
piezoelectric transducer elements in the ultrasonic probe 1.
The amplitude of the reflection wave signals thus received
depends on an acoustic impedance difference on the discon-
tinuous surface on which the ultrasonic wave is reflected.
When a transmitted ultrasonic wave pulse is reflected on the
surface of a moving blood flow or of a cardiac wall, the
frequency of the reflection wave signal thus received is
shifted by the Doppler shift depending on the velocity com-
ponent of the moving body with respect to the direction in
which the ultrasonic wave is transmitted.

[0024] Theultrasonic probe 1 according to the first embodi-
ment is an ultrasonic probe capable of scanning the subject P
two-dimensionally, and of scanning the subject P three-di-
mensionally. Specifically, the ultrasonic probe 1 according to
the first embodiment is a mechanical four-dimensional probe
that scans the subject P two-dimensionally using a plurality of
piezoelectric transducer elements that are arranged in a line,
and scans the subject P three-dimensionally by swinging the
piezoelectric transducer elements by a given angle (swinging
angle). The ultrasonic probe 1 according to the first embodi-
ment may also be a two-dimensional probe capable of per-
forming three-dimensional ultrasonic scanning of the subject
P by being provided with a plurality of piezoelectric trans-
ducer elements arranged in a matrix. A two-dimensional
probe is also capable of scanning the subject P two-dimen-
sionally by converging and transmitting ultrasounds.

[0025] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a track ball, and a joystick, for example. The input
device 3 receives various setting requests from an operator of
the ultrasonic diagnostic apparatus, and forwards the various
setting requests thus received to the main apparatus 10.
[0026] The monitor 2 displays a graphical user interface
(GUI) for allowing an operator of the ultrasonic diagnostic
apparatus to enter various setting requests using the input
device 3, and displays an ultrasound image generated by the
main apparatus 10, for example.
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[0027] Themain apparatus 10 is an apparatus that generates
ultrasound image data based on reflection wave signals
received by the ultrasonic probe 1. Specifically, the main
apparatus 10 according to the first embodiment is an appara-
tus cable of generating three-dimensional ultrasound image
data based on three-dimensional reflection wave data
received by the ultrasonic probe 1. Hereinafter, three-dimen-
sional ultrasound image data is referred to as “volume data”.

[0028] As illustrated in FIG. 1, the main apparatus 10
includes a transmitter-receiver 11, a B-mode processor 12, a
Doppler processor 13, an image generator 14, an image
memory 15, a controller 16, and an internal storage 17.

[0029] The transmitter-receiver 11 includes a pulse genera-
tor, a transmission delaying unit, and a pulser, and supplies a
driving signal to the ultrasonic probe 1. The pulse generator
generates a rate pulse used in generating ultrasonic waves to
be transmitted, repeatedly at a given rate frequency. The
transmission delaying unit adds a delay time corresponding to
each of the piezoelectric transducer elements to each of the
rate pulses generated by the pulse generator. Such a delay
time is required for converging the ultrasonic waves gener-
ated by the ultrasonic probe 1 into a beam and determining
transmission directivity. The pulser applies a driving signal
(driving pulse) to the ultrasonic probe 1 at the timing of the
rate pulse. In other words, by causing the transmission delay-
ing unit to change the delay time to be added to each of the rate
pulses, the direction in which the ultrasonic waves are trans-
mitted from each of the piezoelectric transducer element sur-
faces is adjusted to a given direction.

[0030] The transmitter-receiver 11 has a function of chang-
ing a transmission frequency, a transmission driving voltage,
and the like instantaneously before performing a certain scan
sequence, based on an instruction of the controller 16 to be
described later. In particular, the transmission driving voltage
is changed by a linear amplifier type transmission circuit that
is cable of switching its values instantaneously, or a mecha-
nism for electrically switching a plurality of power units.

[0031] The transmitter-receiver 11 includes a preamplifier,
an analog-to-digital (A/D) converter, a receiving delay cir-
cuit, and an adder. The transmitter-receiver 11 generates
reflection wave data by applying various processes to the
reflection wave signals received by the ultrasonic probe 1.
The preamplifier amplifies the reflection wave signal on each
channel. The A/D converter performs an A/D conversion of
the reflection wave signal having amplified. The receiving
delay circuit adds a delay time required for determining the
reception directivity to the digital data. The adder performs an
addition to the reflection wave signals processed by the
receiving delay circuit, to generate the reflection wave data.
Through the addition performed by the adder, a reflection
component in the direction corresponding to the reception
directivity of the reflection wave signals is emphasized. and a
comprehensive beam transmitting and receiving ultrasound is
formed with the reception directivity and the transmission
directivity.

[0032] The transmitter-receiver 11 according to the first
embodiment scans the subject P three-dimensionally by caus-
ing the ultrasonic probe 1 to transmit a three-dimensional
ultrasonic beam toward the subject P. The transmitter-re-
ceiver 11 according to the first embodiment then generates
three-dimensional reflection wave data from the three-dimen-
sional reflection wave signals received by the ultrasonic probe
1.
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[0033] The type of signals output from the transmitter-
receiver 11 may be various types, e.g., a signal what is called
aradio frequency (RF) signal containing phase information,
or amplitude information acquired by an envelope detecting
process.

[0034] The B-mode processor 12 receives the reflection
wave data from the transmitter-receiver 11, and performs a
logarithmic amplification, an envelope detection, and the like,
to generate data in which a signal intensity is represented as a
luminance (B-mode data).

[0035] The Doppler processor 13 frequency-analyzes the
velocity information included in the reflection wave data
received from the transmitter-receiver 11, extracts blood flow,
tissues, and contrast agent echo components resulted from the
Doppler shift, and generates data (Doppler data) that is mov-
ing body information such as velocity, variance, and power
extracted for a plurality of points. A moving body in the
embodiment may be a fluid such as blood flowing through a
lumen.

[0036] The B-mode processor 12 and the Doppler proces-
sor 13 according to the first embodiment are capable of pro-
cessing both of two-dimensional reflection wave data and
three-dimensional reflection wave data. In other words, the
B-mode processor 12 generates three-dimensional B-mode
data from three-dimensional reflection wave data, and gener-
ates two-dimensional B-mode data from two-dimensional
reflection wave data. The Doppler processor 13 generates
two-dimensional Doppler data from two-dimensional reflec-
tion wave data, and generates three-dimensional Doppler data
from three-dimensional reflection wave data. Three-dimen-
sional B-mode data is data in which a luminance is assigned
to a reflection intensity at a reflection source positioned at
each ofa plurality of points that are setto each scanline within
the region scanned three-dimensionally. The three-dimen-
sional Doppler data is data in which a luminance is assigned
to a value representing blood flow information (velocity, vari-
ance, power) at each of the points set to each of the scan lines
within the region scanned three-dimensionally.

[0037] Theimage generator 14 generates ultrasound image
data from the data generated by the B-mode processor 12 and
the data generated by the Doppler processor 13. The image
generator 14 generates B-mode image data in which the
intensity of a reflection wave is represented as a luminance
from two-dimensional B-mode data generated by the B-mode
processor 12. The B-mode image data is data representing
tissue form (shapes of tissues) included in the ultrasonic-
scanned region. The image generator 14 generates Doppler
image data representing moving body information from the
two-dimensional Doppler data generated by the Doppler pro-
cessor 13. The Doppler image data is a velocity image, a
variance image, or a power image, or a combination of these
images. The Doppler image data is data representing moving
body information related to a moving body that moves in the
region ultrasonic-scanned.

[0038] Generally, the image generator 14 performs a con-
version of rows of scan line signals in an ultrasonic scan into
rows of scan line signals in a video format, typically one used
for television (performs a scan conversion), for example, to
generate ultrasound image data to be displayed. Specifically,
the image generator 14 generates ultrasound image data to be
displayed by performing a coordinate conversion in accor-
dance with a way in which ultrasonic scanning is performed
with the ultrasonic probe 1. The image generator 14 performs
various types of image processing other than scan conversion,
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such as image processing in which an average luminance
image is re-generated using a plurality of image frames
applied with scan conversion (smoothing process), and image
processing in which differential filtering is applied to an
image (edge emphasizing process). The image generator 14
also synthesizes various character information of various
parameters, scales, body marks, and the like to the ultrasound
image data.

[0039] In other words, the B-mode data and the Doppler
data are ultrasonic image data before the scan conversion
processing. The data generated by the image generator 14
serves as the ultrasonic image data to be displayed applied
with the scan conversion. The B-mode data and the Doppler
data are also referred to as raw data. The three-dimensional
B-mode data and the three-dimensional Doppler mode data
are also referred to as volume data.

[0040] Theimage generator 14 also generates three-dimen-
sional B-mode image data by performing a coordinate con-
version of the three-dimensional B-mode data generated by
the B-mode processor 12. The image generator 14 also gen-
erates three-dimensional Doppler image data by performing a
coordinate conversion of the three-dimensional Doppler data
generated by the Doppler processor 13. In other words, the
image generator 14 generates “three-dimensional B-mode
image data and three-dimensional Doppler image data” as
“volume data as three-dimensional ultrasonic image data”. In
the explanation below, the three-dimensional B-mode image
data is referred to as B-mode volume data, and three-dimen-
sional Doppler image data is referred to as Doppler volume
data. The B-mode volume data serves as tissue volume data
representing the tissue form in the region (the scan region)
that is three-dimensionally ultrasonic-scanned. The Doppler
volume data serves as fluid volume data representing fluid
information related to a fluid flowing through the region (the
scan region) ultrasonic-scanned three-dimensionally.

[0041] The image generator 14 also applies a rendering
process to the volume data to generate various types of two-
dimensional image data to be displayed on the monitor 2. An
example of the rendering process performed by the image
generator 14 includes a process of performing multi-planer
reconstruction (MPR) and generating an MPR image data
from the volume data. Other examples of the rendering pro-
cess performed by the image generator 14 includes a process
of performing a “curved MPR” of the volume data, and a
process of performing a “maximum intensity projection” of
the volume data.

[0042] Another example of the rendering process per-
formed by the image generator 14 includes a volume rendet-
ing (VR) process for generating two-dimensional image data
reflected with three-dimensional information. For example,
by performing a perspective projection as a volume rendering
process, the image generator 14 can generate a virtual endo-
scopic (VE) image to be used in a fly-through view.

[0043] Explained now are approaches for displaying an
image using Doppler data. The approaches for displaying an
image using Doppler data are generally classified into color
Dopplerimaging (CDI) and power Doppler imaging (PDI). In
the CDI, the image generator 14 generates color Doppler
image data, in which a different hue is assigned depending on
the direction and the velocity size of the blood flow. For
example, the image generator 14 generates color Doppler
image data in which a hue near red (from red to yellow) is
assigned to a blood flow moving toward the ultrasonic probe
1 based on the velocity size of the blood flow, and a color near
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blue (from blue to blue green) is assigned to a blood flow
moving away from the ultrasonic probe 1 based on the veloc-
ity size of the blood flow. In the CDI, there are cases in which
the image generator 14 generates color Doppler image data in
which velocity information and variance information are
combined to indicate a velocity-variance relationship.

[0044] In the PDI, the image generator 14 generates power
image data in which the hue, the lightness, or the saturation of
a color near red, for example, is changed depending on the
power representing the intensity of the Doppler signal.

[0045] When the CDIis applied to three-dimensional scan-
ning, the image generator 14 generates color Doppler volume
data from the three-dimensional Doppler data, as Doppler
volume data. When the PDI is performed to three-dimen-
sional scanning, the image generator 14 generates power
volume data, in which the power representing the intensity of
the Doppler signal is mapped to a three-dimensional space,
from the three-dimensional Doppler data, as Doppler volume
data. When the three-dimensional scanning is performed
repeatedly along a time sequence, the image generator 14 is
caused to generate the color Doppler volume data or the
power volume data sequentially along the time sequence.

[0046] Inthe CDI, the detection precision of a fluid existing
region depends on the direction of the blood flow and the
relative positioning of the blood flow with respect to the
ultrasonic probe 1. Specifically, in the CDI, the detection
precision declines when a blood flow runs in a direction
intersecting perpendicularly with the direction of the ultra-
sonic beam. By contrast, although the PDI does not allow
detections of information related to the direction of or the
velocity ofa blood flow, the PDI enables a blood flow existing
region to be detected independently from the direction of the
blood flow or the relative positioning of the blood flow with
respect to the ultrasonic probe 1.

[0047] Usually, Doppler image data is superimposed over
B-mode image data before output to the monitor 2. In two-
dimensional scanning or three-dimensional scanning, the
transmitter-receiver 11 performs B-mode scanning and Dop-
pler mode scanning in parallel. In B-mode scanning, an ultra-
sonic beam is transmitted and received once in a single scan
line. In Doppler mode scanning, an ultrasonic beam is trans-
mitted and received a plurality of times in a single scan line.
The Doppler processor 13 generates Doppler data by per-
forming a moving target indicator (MTI) filtering, an auto
correlation calculation, and a velocity/variance/power esti-
mation, for a plurality of pieces of reflection wave data
acquired from the same scan line.

[0048] The image memory 15 illustrated in FIG. 1 is a
memory storing therein image data to be displayed generated
by the image generator 14. The image memory 15 can also
store therein data generated by the B-mode processor 12 or
the Doppler processor 13. The B-mode data or the Doppler
data is stored in the image memory 15 so that an operator can
refer to the data after making a diagnosis, for example, and
comes to serve as ultrasonic image data to be displayed via the
image generator 14.

[0049] The internal storage 17 stores therein various types
of data such as control programs for transmitting and receiv-
ing ultrasound, for performing image processing, and for
performing displaying processes, diagnostic information
(e.g., a patient identification (ID) and observations by a phy-
sician), diagnostic protocols, and various body marks. The
internal storage 17 is also used for storing image data stored
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in the image memory 15, as required. The data stored in the
internal storage 17 may be forwarded to an external device via
an interface not illustrated.

[0050] The controller 16 controls the entire processes per-
formed by the ultrasonic diagnostic apparatus. Specifically,
the controller 16 controls the processes performed by the
transmitter-receiver 11, the B-mode processor 12, the Dop-
pler processor 13, and the image generator 14, based on
various setting requests entered by an operator via the input
device 3, and various control programs and various types of
data read from the internal storage 17. The controller 16 also
controls to display ultrasonic image data to be displayed
stored in the image memory 15 or the internal storage 17 on
the monitor 2. As illustrated in FIG. 1, the controller 16
according to the first embodiment includes an acquiring unit
164 and a detecting unit 165. The acquiring unit 16¢ and the
detecting unit 165 will be described later in detail.

[0051] Theentire configuration of the ultrasonic diagnostic
apparatus according to the first embodiment is explained so
far. With such a configuration, the ultrasonic diagnostic appa-
ratus according to the first embodiment performs three-di-
mensional scanning of a region including a lumen filled with
a fluid, and generates B-mode volume data. Examples of a
lumen filled with a fluid include a blood vessel, a bile duct,
and a lymph gland. The ultrasonic diagnostic apparatus
according to the first embodiment then generates various
types of image data for enabling the inner wall of the lumen to
be observed using the B-mode volume data. For example, the
ultrasonic diagnostic apparatus according to the first embodi-
ment sequentially generates VE images from different view-
point positions, by shifting the viewpoint position along the
center line (central line) of the lumen, and displays the VE
images so that a fly-through view of the lumen is provided.
When a fly-through view is provided, an operator can observe
the lumen from the inner side, without inserting an endoscope
in the subject P, or without inserting a transducer element
catheter into a blood vessel of the subject P in an intravascular
ultrasound (IVUS). When a fly-through view of the lumen is
to be provided, a clipping region, which a region is to be
rendered, would be the inner wall of the lumen.

[0052] Because contours between structures tends to blur
more in a B-mode image than in other medical images such as
an X-ray CT image or an MRI image, it has been difficult to
detect the inner cavity region of a lumen in B-mode volume
data by means of automatic processing using a computer
program, unless the lumen has a certain diameter or larger. In
particular, because a blood vessel moves vigorously due to
pulsation, contours along a blood vessel tend to blur even
more. Therefore, it is currently impossible to detect a clipping
region unless the lumen has a certain diameter or larger. Due
to such a reason, a fly-through view in a conventional ultra-
sonic diagnostic apparatus has been limited to tubular struc-
tures having a certain diameter or larger, and it has been
difficult to apply such an ultrasonic diagnostic apparatus to
thin tubular structures.

[0053] Inorder to enable the inner cavity region of a lumen
to be detected easily, the ultrasonic diagnostic apparatus
according to the first embodiment causes the acquiring unit
16a and the detecting unit 165 to perform the processes
explained below.

[0054] The acquiring unit 16a acquires fluid volume data
representing fluid information related to a fluid flowing
through a region (a scan region) that is three-dimensionally
ultrasonic-scanned. The detecting unit 165 then uses the fluid
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information to detect a region that is a fluid existing region in
the scan region, and uses the region thus detected to detect the
inner cavity region of a lumen in the volume data which is to
be applied with the image processing. In the first embodi-
ment, the acquiring unit 16a also acquires tissue volume data
representing the tissue form in the scan region as the volume
data to be applied with the image processing. Specifically, in
the first embodiment, the acquiring unit 16a acquires tissue
volume data generated by three-dimensional ultrasonic-scan-
ning of the scan region as the tissue volume data. In other
words, the acquiring unit 16a according to the first embodi-
ment acquires tissue volume data representing the tissue form
in the scan region that is three-dimensionally ultrasonic-
scanned, and fluid volume data representing fluid information
related to a fluid flowing through the scan region that is
three-dimensionally ultrasonic-scanned. The detecting unit
164 according to the first embodiment then uses the fluid
information in the fluid volume data to detect a region that is
a fluid existing region in the scan region, and uses the region
thus detected to detect the inner cavity region of a lumen
included in the tissue volume data.

[0055] In other words, in the first embodiment, B-mode
scanning and Doppler mode scanning are performed in order
to enable the inner wall of a lumen to be observed. Specifi-
cally, in the first embodiment, B-mode scanning and Doppler
mode scanning are performed across the same region. More
specifically, in the first embodiment, the operator holds the
ultrasonic probe 1 against a position of the subject P that
allows aregion including the lumen, which is the target of the
observation, to be three-dimensionally scanned. The operator
then gives an instruction for performing three-dimensional
B-mode scanning and three-dimensional Doppler mode scan-
ning in parallel. In response, the transmitter-receiver 11 gen-
erates three-dimensional B-mode reflection wave data and
three-dimensional Doppler mode reflection wave data. The
B-mode processor 12 then generates the three-dimensional
B-mode data from the three-dimensional B-mode reflection
wave data, and the Doppler processor 13 generates three-
dimensional Doppler data from the three-dimensional Dop-
pler mode reflection wave data. The image generator 14 then
generates B-mode volume data from the three-dimensional
B-mode data, and generates Doppler volume data from the
three-dimensional Doppler data.

[0056] ThePDI enables a fluid existing region, e.g., ablood
flow existing region, to be detected at a higher precision than
the CDI, as mentioned earlier. Therefore, an operator gives an
instruction to collect power volume data as the Doppler vol-
ume data. In other words, the image generator 14 is caused to
generate power volume data. In the first embodiment, color
Doppler volume data may alternatively be collected, when it
can be determined that the detecting precision of a blood flow
existing region would not decline, based on the direction in
which a lumen runs, for example.

[0057] In the first embodiment, three-dimensional scan-
ning is performed once to generate each of the B-mode vol-
ume data and the power volume data in the same temporal
phase. The acquiring unit 16a acquires the B-mode volume
data and the power volume data from the same temporal phase
stored in the image memory 15, and transmits the B-mode
volume data and the power volume data from the same tem-
poral phase to the detecting unit 164.

[0058] In the first embodiment, three-dimensional scan-
ning may alternatively be performed a plurality of times, to
generate a plurality of pieces of each of the B-mode volume
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data and the power volume data along a time sequence. In
such a case, an operator designates a piece of B-mode volume
data suitable for observations by examining each of the MPR
images of the B-mode volume data thus collected, for
example. The acquiring unit 164 then acquires the B-mode
volume data designated by the operator and the power volume
data collected at the same time as the B-mode volume data,
and transmits the volume data to the detecting unit 164.
[0059] The detecting unit 165 then detects a fluid existing
region using the fluid information of the fluid volume data,
and detects the inner cavity region of a lumen included in the
tissue volume data using the region thus detected, as
described earlier. In the first embodiment, the detecting unit
165 detects a fluid existing region using the position informa-
tion of voxels, each of which is assigned with a luminance
because a power is detected, in the power volume data.
[0060] In other words, the power volume data is data in
which voxels at the positions corresponding to a fluid are
assigned with a value representing a color corresponding to a
power, which is one type of fluid information. The detecting
unit 165 can detect a fluid existing region from the power
volume data. The B-mode volume data and the power volume
data are generated using the same coordinate system. In other
words, “coordinates ofa fluid existing region” detected from
the power volume data are the same as “coordinates of a fluid
existing region” in the B-mode volume data. A fluid existing
region corresponds to a region in which a fluid flowing
through the inner cavity of a lumen exists, and corresponds to
the inner cavity region of the lumen included in the B-mode
volume data. A process performed by the detecting unit 165
will now be explained with reference to FIGS. 2 to 5. FIGS. 2
to 5 are schematics for explaining the detecting unit according
to the first embodiment.

[0061] Thedetecting unit 165 detects a fluid region 110 that
1s a “fluid existing region” in power volume data 100, which
is illustrated in FIG. 2. Specifically, the detecting unit 165
detects the coordinates of voxels delineating the contours of
the fluid section 110. A specific example of the process per-
formed by the detecting unit 165 will now be explained with
reference to FIGS. 3 and 4.

[0062] Inthe processillustrated in FIG. 3, the detecting unit
165 detects the coordinates of the surface of the fluid section
110 using surface rendering, which is a rendering technique.
Surface rendering is a rendering technique projecting only the
voxels representing the first volume that the line of sight
encounters, assuming that the volume data is viewed from a
direction of a viewpoint position. In other words, the position
of the surface of an object in a volume can be acquired by
performing surface rendering from a plurality of viewpoint
positions.

[0063] The detecting unit 164 sets a plurality of viewpoint
positions to the power volume data 100, and sets a line of sight
in a direction travelling toward the center or the gravity center
of the power volume data 100 from each of the viewpoint
positions. The detecting unit 165 then detects the coordinates
of the surface of the fluid section 110 based on the results of
surface rendering performed from each of the viewpoint posi-
tions, as illustrated in FIG. 3. The surface rendering process
applied to the power volume data 100 may be performed by
the detecting unit 165, or may be performed by the image
generator 14 under the control of the detecting unit 165.
[0064] Inthe processillustrated in FIG. 4, the detecting unit
165 detects the coordinates of the surface of the fluid section
110 using MPR, which is another rendering technique. In
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other words, the detecting unit 165 sets a plurality of cross
sections extending in parallel to the power volume data 100.
The contour along the fluid section 110 is represented in each
of a plurality of MPR images reconstructed from the power
volume data 100 based on the cross sections thus set, as
illustrated in FIG. 4. The detecting unit 165 then detects the
coordinates of the surface of the fluid section 110 by detecting
the contour of the fluid section 110 in each of the MPR
images, and connecting the contours detected from the
respective MPR images. The MPR process applied to the
power volume data 100 may be performed by the detecting
unit 165, or performed by the image generator 14 under the
control of the detecting unit 164.

[0065] Various techniques such as region growing other
than those explained with reference to FIG. 3 or FIG. 4 may
also be used as a process of detecting the fluid section 110.
[0066] The detecting unit 165 detects the coordinates of the
surface (contour) of the fluid section 110 thus detected as the
coordinates of the surface (contour) of an inner cavity region
210 in B-mode volume data 200 received from the acquiring
unit 16a, as illustrated in FIG. 5. The surface of the inner
cavity region 210 represents the inner wall of the inner cavity
region 210. The detecting unit 165 then establishes the sur-
face of the inner cavity region 210 as a clipping region. To
reduce noise, for example, the detecting unit 165 may apply a
post-process such as a smoothing filtering to the surface of the
fluid section 110 thus detected or the surface of the inner
cavity region 210.

[0067] The image generator 14 then generates image data
to be displayed on the monitor 2 from the tissue volume data
(B-mode volume data), using the surface of the inner cavity
region detected by the detecting unit 165 as a target of the
process. FIGS. 6, 7A, 7B, and 7C are schematics for explain-
ing the image generator according to the first embodiment.
[0068] Theimage generator 14 generates a projected image
that is a projection of the tissue volume data from the view-
point positions set inside of the lumen based on the inner
cavity region detected by the detecting unit 165, as the image
data to be displayed on the monitor 2. Specifically, the image
generator 14 extracts the center line of the lumen from the
data in which the inner cavity region is removed from the
tissue volume data, and generates a plurality of projected
images by shifting the viewpoint position along the center
line, as an image data group to be displayed as dynamic
images on the monitor 2. For example, the image generator 14
extracts a center line 211 of the inner cavity region 210, as
illustrated in FIG. 6. The image generator 14 then generates
VE images from the clipping region (the contour of the inner
cavity region 210), using each of the viewpoint positions set
along the center line 211, as illustrated in FI1G. 6. The image
generator 14 sequentially generates the VE images to be used
for a fly-through view, by shifting the viewpoint position
along the center line 211.

[0069] Alternatively, the image generator 14 may generate
MPR image data A representing the inner cavity region 210
cut across a cross section perpendicularly intersecting with
the center line 211, as illustrated in FIG. 7A, for example.
Alternatively, the image generator 14 may generate curved
MPR image data B representing the inner cavity region 210
cut across the cross section including the entire center line
211 (curved surface), as illustrated in FIG. 7B, for example.
[0070] Alternatively, the image generator 14 may generate
expanded image data D representing the inner cavity region
210 cut open along a curve C at which a cross section includ-
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ing the entire center line 211 intersects with a contour line of
the inner cavity region 210, as illustrated in FIG. 7C, for
example. By referring to the image data illustrated in FIGS.
7A, 7B, and 7C on the monitor 2, an operator can observe the
shapes of the inner wall of the inner cavity region 210.

[0071] A process performed by the ultrasonic diagnostic
apparatus according to the first embodiment will now be
explained with reference to FIG. 8. FIG. 8 is a flowchart for
explaining an exemplary process performed by the ultrasonic
diagnostic apparatus according to the first embodiment.

[0072] As illustrated in FIG. 8, the ultrasonic diagnostic
apparatus according to the first embodiment determines if a
three-dimensional scanning starting request is received (Step
S101). If any three-dimensional scanning starting request is
not received (No at Step S101), the ultrasonic diagnostic
apparatus waits until a three-dimensional scanning starting
request is received.

[0073] If a three-dimensional scanning starting request is
received (Yes at Step S101), the ultrasonic probe 1 performs
three-dimensional ultrasonic scanning, and the transmitter-
receiver 11 collects the three-dimensional reflection wave
data under the control of the controller 16 (Step S102). The
ultrasonic probe 1 performs the three-dimensional B-mode
scanning and the three-dimensional Doppler mode scanning
in parallel. The transmitter-receiver 11 then generates the
three-dimensional B-mode reflection wave data and the three-
dimensional Doppler mode reflection wave data.

[0074] The image generator 14 then generates the B-mode
volume data and power volume data (Step S103). The acquir-
ing unit 16a then acquires the B-mode volume data and the
power volume data (Step S104), and forwards the data to the
detecting unit 165.

[0075] Thedetecting unit 165 then detects a clipping region
representing the surface of the inner cavity region of a lumen
using the power volume data (Step S105), and sets the clip-
ping region to the B-mode volume data (Step S106).

[0076] The image generator 14 then generates the image
data to be displayed from the B-mode volume data using the
clipping region (Step S107). The monitor 2 then displays the
image data under the control of the controller 16 (Step S108),
and the process is ended.

[0077] As described above, in the first embodiment, the
process of detecting a clipping region, which is required to
enable observations of the inner wall of a lumen, from the
B-mode volume data is performed using the Doppler volume
data of the same region as that of the B-mode volume data. In
other words, in the first embodiment, a clipping region can be
detected highly precisely without depending on the diameter
of the lumen, as long as the lumen is located at a position
where a fluid can be detected in the Doppler mode. Therefore,
in the first embodiment, the inner cavity region of a lumen can
be easily detected.

[0078] Furthermore, in the first embodiment, because a
clipping region can be detected highly precisely without
depending on the diameter of a lumen, the applicable scope of
lumens from which hemadostenosis is searched with a fly-
through view or the like can be expanded. Furthermore,
although use of a contrast agent is available as an option for
detecting a clipping region, because the first embodiment
enables a clipping to be detected highly precisely without
using ary contrast agent, burdens on the subject P can be
reduced.
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Second Embodiment

[0079] Explained in a second embodiment with reference
to FIGS. 9 and 10 is an example in which the tissue volume
data and the fluid volume data are collected separately at
different times. FIG. 9 is a block diagram illustrating an
exemplary configuration of an ultrasonic diagnostic appara-
tus according to the second embodiment. FIG. 10 is a sche-
matic for explaining an acquiring unit and a detecting unit
according to the second embodiment.

[0080] Theamount of calculation required in collecting the
Doppler mode data is larger than that required in collecting
the B-mode data. Therefore, in order to improve the temporal
resolution and the spatial resolution of the Doppler mode
image data, it is preferable to collect the B-mode data and the
Doppler mode data separately, while the position of the ultra-
sonic probe 1 is kept fixed. However, in order to detect a
clipping region in the B-mode volume data using the Doppler
volume data collected at different times, these two pieces of
volume data which are the targets of the detection need to be
the data collected from the same temporal phase.

[0081] As illustrated in FIG. 9, the ultrasonic diagnostic
apparatus according to the second embodiment is different in
that an electrocardiographic monitor 4 is connected to the
main apparatus 10 having the same configuration as the ultra-
sonic diagnostic apparatus according to the first embodiment
illustrated in FIG. 1. The electrocardiographic monitor 4
acquires an electrocardiogram (ECG) of a subject P from
which the data is collected (the subject P who is three-dimen-
sionally scanned) as a biological signal of the subject P. The
electrocardiographic monitor 4 transmits the ECG thus
acquired to the main apparatus 10.

[0082] The acquiring unit 16a according to the second
embodiment acquires the tissue volume data and the fluid
volume from the same temporal phase using the biological
signal of the subject P from which the data is collected (the
subject P who is three-dimensionally scanned), when the
tissue volume data and the fluid volume data are collected
sequentially and separately at different times. The detecting
unit 164 then detects the inner cavity region through the
process explained in the first embodiment, using the tissue
volume data and the fluid volume data belonging to the same
cardiac phase.

[0083] An example of the process performed in the second
embodiment will now be explained. In the second embodi-
ment, the ultrasonic probe 1 performs three-dimensional
B-mode scanning to collect a plurality of volumes of B-mode
volume data, which is the tissue volume data, along a time
sequence. In the second embodiment, the ultrasonic probe 1
performs three-dimensional Doppler mode scanning to col-
lect a plurality of volumes of power volume data, which is the
fluid volume data, along the time sequence. The transmitter-
receiver 11 causes the ultrasonic probe 1 to perform the three-
dimensional Doppler mode scanning using a scanning
sequence resulting in the most appropriate temporal resolu-
tion and spatial resolution.

[0084] The image generator 14 then stores the volume data
and the time at which the ultrasonic scanning for generating
the volume data is performed in the image memory 15, in a
manner associated with the ECG received from the electro-
cardiographic monitor 4. The acquiring unit 164 can acquire
the cardiac temporal phase in which the ultrasonic scanning
for generating the volume data is performed, by referring to
the data stored in the image memory 15.
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[0085] The acquiring unit 16a then acquires the B-mode
volume data and the power volume data from the same car-
diac temporal phase from the image memory 15. In the
exampleillustrated in FIG. 10, the acquiring unit 164 acquires
the B-mode volume data and the power volume data corre-
sponding to an R wave. The temporal phase to which the data
to be acquired by the acquiring unit 16a belongs may be
specified by an operator, or provided as a factory default.
[0086] Thedetecting unit 165 then detects aclipping region
(the surface of an inner cavity region) from the power volume
data corresponding to the R wave, as illustrated in FIG. 10,
and sets the clipping region thus detected to the B-mode
volume data corresponding to the R wave. The image genera-
tor 14 then generates image data to be displayed using the
clipping region set in the B-mode volume data corresponding
to the R wave.

[0087] In the second embodiment, the three-dimensional
B-mode scanning may be performed subsequent to the three-
dimensional Doppler mode scanning. Furthermore, in the
second embodiment, color Doppler volume data may be col-
lected as the fluid volume data, in the same manner as men-
tioned in the first embodiment.

[0088] Furthermore, in the second embodiment, alterna-
tively, the tissue volume data and the fluid volume data from
the same temporal phase may be acquired from a plurality of
temporal phases (e.g., R wave and P wave), and a clipping
region may be detected in each of the temporal phases. Fur-
thermore, in the second embodiment, as a biological signal
for identifying a cardiac phase, a phonocardiogram (PCG) or
a respiration signal may also be used, instead of an ECG.
[0089] A process performed by the ultrasonic diagnostic
apparatus according to the second embodiment will now be
explained with reference to FIG. 11. FIG. 11 is a flowchart for
explaining an exemplary process performed by the ultrasonic
diagnostic apparatus according to the second embodiment.
[0090] As illustrated in FIG. 11, the ultrasonic diagnostic
apparatus according to the second embodiment determines if
aB-mode scanning starting request is received (Step S201). If
any B-mode scanning starting request is not received (No at
Step 8201), the ultrasonic diagnostic apparatus waits until a
B-mode scanning starting request is received.

[0091] If a B-mode scanning starting request is received
(Yes at Step S201), the ultrasonic probe 1 starts three-dimen-
sional ultrasonic scanning following a B-mode scanning
sequence under the control of the controller 16, and the con-
troller 16 starts collecting the ECG. The transmitter-receiver
11 collects the three-dimensional reflection wave data (Step
S202), and generates three-dimensional B-mode reflection
wave data.

[0092] The image generator 14 then generates the B-mode
volume data (Step S203), and the controller 16 determines if
a Doppler mode scanning starting request is received (Step
S204). If any Doppler mode scanning starting request is not
received (No at Step S204), the ultrasonic diagnostic appara-
tus returns to Step S202, and continues collecting the three-
dimensional B-mode reflection wave data.

[0093] If a Doppler mode scanning starting request is
received (Yes at Step S204), the ultrasonic probe 1 starts
three-dimensional ultrasonic scanning following a Doppler
mode scanning sequence under the control of the controller
16, and the transmitter-receiver 11 collects the three-dimen-
sional reflection wave data (Step S205). The transmitter-re-
ceiver 11 then generates the three-dimensional Doppler mode
reflection wave data.
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[0094] The image generator 14 then generates the power
volume data (Step S206), and the controller 16 determines if
a clipping region setting request is received (Step S207). If
any clipping region setting request is not received (No at Step
S207), the ultrasonic diagnostic apparatus returns to Step
S205, and continue collecting the three-dimensional Doppler
mode reflection wave data.

[0095] If a clipping region setting request is received (Yes
at Step S207), the acquiring unit 16a acquires the B-mode
volume data and the power volume data from the same tem-
poral phase (Step S208). The detecting unit 165 then detects
a clipping region using the power volume data (Step S209),
and sets the clipping region to the B-mode volume data (Step
S210).

[0096] The image generator 14 generates image data to be
displayed from the B-mode volume data using the clipping
region (Step S211). The monitor 2 then displays the image
dataunder the control of the controller 16 (Step S212), and the
process is ended.

[0097] As described above, in the second embodiment, a
clipping region can be detected from B-mode volume data
belonging to a given temporal phase by using Doppler vol-
ume data belonging to the given temporal phase and collected
separately following an optimized scanning sequence. There-
fore, in the second embodiment, a clipping region can be
detected more precisely.

Third Embodiment

[0098] Explained in a third embodiment is an example in
which a lumen shape analysis is performed in more detail
using a clipping region detected in the first embodiment or the
second embodiment.

[0099] In the third embodiment, the acquiring unit 16a
acquires the tissue volume data and the fluid volume data
using the method disclosed in the first embodiment or in the
second embodiment. In the third embodiment, the detecting
unit 165 detects a clipping region from the tissue volume data
using the method disclosed in the first embodiment. The
detecting unit 165 according to the third embodiment then
performs the process described below using the center line
extracted in the fly-through view mentioned above.

[0100] The detecting unit 165 calculates the area of each of
a plurality of cross sections of the inner cavity region, each
section perpendicularly intersecting with the center line of the
inner cavity region. The detecting unit 165 then detects a
cross section having an area deviating from those calculated
for nearby cross sections as an abnormal cross section. FIG.
12 is a schematic for explaining the detecting unit according
to the third embodiment.

[0101] For example, the detecting unit 165 establishes a
plurality of cross sections perpendicularly intersecting with
the center line 211 of the inner cavity region 210 extracted by
the image generator 14, asillustrated in FIG. 12. For example,
the detecting unit 165 establishes a plurality of cross sections
at a constant interval (e.g., 1 millimeter) along the center line
211. The interval may be specified by an operator, or may be
provided as a factory default.

[0102] The detecting unit 165 then calculates the area sur-
rounded by an intersecting line between each of the cross
sections and the contour line of the inner cavity region 210
(clipping region). Assuming that the inner cavity region 210 is
an inner cavity region of a blood vessel, the area calculated by
the detecting unit 165 for each of the cross sections is the
cross-sectional area of the inner wall of the blood vessel.
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[0103] For example, the cross-sectional area calculated for
across section with a stenosis is much smaller than the cross-
sectional areas calculated for the nearby cross sections. By
contrast, the cross-sectional area calculated for a cross section
including a region with an aneurysm in a blood vessel such as
an arterial aneurysm would be larger than the cross-sectional
areas calculated for nearby cross sections.

[0104] Therefore, the detecting unit 165 detects a cross
section with the smallest area or a cross section with the
largest area as an abnormal cross section, for example. Alter-
natively, in order to improve the detection precision, the
detecting unit 165 may calculate the amount of change in the
cross-sectional areas along the center line 211, and detect a
cross section with the largest change as an abnormal cross
section, for example.

[0105] Alternatively, in order to improve the detection pre-
cision, the detecting unit 165 may use the fluid information in
the fluid volume data as a parameter for the detection. When
color Doppler volume data collected as the fluid volume data,
the detecting unit 165 may extract the flow rate extracted from
the intersecting line on each of the cross sections. The flow
rate tends to increase in a region with a stenosis, because the
cross-sectional area of the blood vessel is small in such a
region. Therefore, the detecting unit 165 detects a cross sec-
tion with the highest flow rate, among those having an area
smaller than a given threshold, as an abnormal cross section,
for example.

[0106] By performing the process described above, the
detecting unit 165 detects an abnormal cross section 213
illustrated in FI1G. 12, for example. The abnormal cross sec-
tion 213 is a cross section passing a region with the largest
portion of a stenosis region 212, as illustrated in FI1G. 12.
[0107] The image generator 14 according to the third
embodiment then generates image data to be displayed on the
monitor 2 from the tissue volume data (B-mode volume data),
which is the volume data to be applied with the image pro-
cessing, using the abnormal cross section. In other words, the
image generator 14 uses the abnormal cross section as a
clipping plane to be applied with a rendering process. The
image data generated by the image generator 14 according to
the third embodiment will now be explained with reference to
FIGS. 13 to 15. FIGS. 13 to 15 are schematics for explaining
the image generator according to the third embodiment.
[0108] In the example illustrated in FIG. 13, the image
generator 14 dissects the B-mode volume data 200 across the
abnormal cross section 213 into two regions, and generates
B-mode volume data 201 in which one of the regions is
removed. A point 214 illustrated in FIG. 13 is an intersecting
point between the abnormal cross section 213 and the center
line 211. The image generator 14 then generates the image
data using the B-mode volume data 201.

[0109] For example, the image generator 14 generates an
MPR image data 215 of the abnormal cross section 213 posi-
tioned on the surface of the B-mode volume data 201, as
illustrated in FIG. 13. The outer wall as well as the inner wall
of the blood vessel on the abnormal cross section 213 are
represented in the MPR image data 215, as illustrated in FIG.
13. By observing the MPR image data 215, an operator can
recognize the shape of the most bulged portion of the stenosis
region 212.

[0110] The image generator 14 may also generate a VR
image or an MIP image using the B-mode volume data 201.
Furthermore, the image generator 14 may generate an MIP
image with a thickness using the B-mode volume data 201 of
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a region interposed between the abnormal cross section 213
and another cross section extending in parallel with the abnor-
mal cross section 213.

[0111] Tlustrated in FIG. 14 is an example in which a
clipping plane is changed by rotating the abnormal cross
section 213, which is the clipping plane, freely about the point
214. For example, an operator sets a cross section 216 which
is the abnormal cross section 213 rotated as a clipping plane,
as illustrated in FIG. 14, by operating a trackball. An example
of the cross section 216 is a cross section perpendicularly
intersecting with the abnormal cross section 213.

[0112] The image generator 14 dissects the B-mode vol-
ume data 200 into two regions across the cross section 216,
and generates B-mode volume data 202 in which one of the
regions is removed, as illustrated in FIG. 14. The image
generator 14 then generates image data using the B-mode
volume data 202.

[0113] For example, the image generator 14 generates an
MPR image data 217 of the cross section 216 positioned on
the surface of the B-mode volume data 202, as illustrated in
FIG. 14. Represented in the MPR image data 217 are the inner
wall as well as the outer wall of a blood vessel approximately
following the direction in which the blood vessel runs in the
cross section 216, as illustrated in FIG. 14. By observing the
MPR image data 217, an operator can recognize the shape of
the stenosis region 212 along the direction in which the blood
vessel runs.

[0114] Theimage generator 14 may generate a VR image or
an MIP image using the B-mode volume data 202. Further-
more, the image generator 14 may generate an MIP image
with a thickness using the B-mode volume data 202 of a
region interposed between the cross section 216 and another
cross section extending in parallel with the cross section 216.

[0115] TIllustrated in FIG. 15 is an example in which the
starting point of a fly-through view is automatically set using
the point 214 identified using the abnormal cross section 213
detected by the detecting unit 165. The detecting unit 165 sets
apoint 217" along the center line 211 positioned near the point
214 as a viewpoint position at which a fly-through view is
started, as illustrated in FIG. 15. For example, the detecting
unit 165 sets a point distant from the point 214 by 3 centime-
ters along the center line 211 as the point 217"

[0116] Theimage generator 14 generates a VE image from
a line of sight travelling from the point 217" to the stenosis
region 212. The image generator 14 sequentially generates
new VE images by shifting the viewpoint position from the
point 217" to the point 214. In this manner, an operator is
allowed to make observations focusing on the fly-through
view around the stenosis region 212. In the third embodiment,
a plurality of abnormal cross sections may also be detected.

[0117] A process performed by the ultrasonic diagnostic
apparatus according to the third embodiment will now be
explained with reference to FIG. 16. FIG. 16 is a flowchart for
explaining an exemplary process performed by the ultrasonic
diagnostic apparatus according to the third embodiment. The
flowchart illustrated in FIG. 16 is performed when an abnor-
mal cross section serving as a clipping plane is automatically
detected after the clipping region is detected. Alternatively, in
the third embodiment, an operator may issue a request for
detecting a clipping plane manually.

[0118] As illustrated in FIG. 16, the ultrasonic diagnostic
apparatus according to the third embodiment determines if a
clipping region is detected (Step S301). If any clipping region
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is not detected (No at Step S301), the ultrasonic diagnostic
apparatus waits until a clipping region is detected.

[0119] Ifa clipping region is detected (Yes at Step S301),
the detecting unit 165 sets a plurality of cross sections per-
pendicularly intersecting with the center line (Step S302).
The detecting unit 165 then calculates the area of each of the
cross sections of the clipping region (Step S303), and detects
an abnormal cross section to be served as a clipping plane
(Step S304).

[0120] The image generator 14 then generates image data
to be displayed from the B-mode volume data using the
clipping plane (Step S305). The monitor 2 then displays the
image data under the control of the controller 16 (Step S306),
and the process is ended.

[0121] As described above, in the third embodiment, a
region where a stenosis or an aneurysm is formed can be
detected easily as an abnormal cross section using a clipping
region. Furthermore, in the third embodiment, because vari-
ous types of image data are generated using an abnormal cross
section as a clipping plane, abnormalities in the shape of a
lumen such as a blood vessel can be observed in detail.

[0122] Therefore, in the third embodiment, precision of a
diagnosis of abnormalities in the shapes of a blood vessel
using an ultrasonic diagnostic apparatus, which is character-
ized by non-invasiveness, and examination efficiency can be
improved.

[0123] Explained in the first embodiment to the third
embodiment is an example in which B-mode volume data is
used as the tissue volume data, and power volume data or
color Doppler data is used as the fluid volume data. Alterna-
tively, in the first embodiment to the third embodiment, three-
dimensional B-mode data may be used as the tissue volume
data, and three-dimensional Doppler data may be used as the
fluid volume data. In such a case, the detecting unit 165
detects a clipping region in the three-dimensional B-mode
data, using the power in the three-dimensional Doppler data,
and detects a clipping region in the B-mode volume data
using the clipping region thus detected.

[0124] Furthermore, the image processing methods
explained in the first embodiment to the third embodiment
may be executed in a manner described in the following two
variations (first variation and second variation).

[0125] The first variation will be explained to begin with.
Explained in the first embodiment to the third embodiment is
an example in which the tissue volume data used as the
volume data to be applied with the image processing is tissue
volume data generated by scanning a region (a scan region)
from which fluid volume data is collected three-dimension-
ally with ultrasound. The image processing methods
explained in the first embodiment to the third embodiment are
also applicable to an embodiment in which the tissue volume
data used as the volume data to be applied with the image
processing is tissue volume data generated by three-dimen-
sionally capturing the region (the scan region), from which
fluid volume data is collected, with a different type of a
medical image diagnostic apparatus other than an ultrasonic
diagnostic apparatus. In the first variation, the acquiring unit
16a acquires the tissue volume data generated by capturing
images of a region from which fluid volume data is collected
three-dimensionally using a different type of a medical image
diagnostic apparatus other than an ultrasonic diagnostic appa-
ratus.
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[0126] In the first variation, the detecting unit 165 detects
the inner cavity region of a lumen included in the tissue
volume data after registration the fluid volume data and the
tissue volume data.

[0127] FIG. 17 is a schematic for explaining the first varia-
tion. For example, the acquiring unit 16a acquires X-ray CT
volume data 101, as illustrated in FIG. 17. The acquiring unit
16aacquires the X-ray CT volume data 101 from an X-ray CT
apparatus or a database of medical images via an interface not
illustrated, based on an operator instruction. The X-ray CT
volume data 101 is a piece of tissue volume data capturing a
region from which fluid volume data is collected. Specifi-
cally, the X-ray CT volume data 101 is tissue CT volume data
to be used in a fly-through view with VE images and desig-
nated by an operator.

[0128] When the first variation is implemented, a position
detecting system utilizing a position sensor 4' and a transmit-
ter 5 are used, as illustrated in FIG. 17, for example. The
position sensor 4' is a magnetic sensor, for example, and is
mounted on the ultrasonic probe 1. The transmitter 5 is a
device that is positioned near the ultrasonic probe 1, and
generates a magnetic field outwardly from the transmitter 5,
for example.

[0129] The position sensor 4' detects a three-dimensional
magnetic field generated by the transmitter 5. The position
sensor 4' then calculates the position (coordinates and angle)
of the position sensor 4' in a space having the point of origin
at the transmitter 5, based on the information of the magnetic
field thus detected, and transmits the position thus calculated
to the detecting unit 165. The position sensor 4' transmits the
three-dimensional coordinates and the angle at which the
position sensor 4' is positioned to the detecting unit 160 as the
three-dimensional position information of the ultrasonic
probe 1. In this manner, the detecting unit 165 acquires the
three-dimensional position information of the ultrasonic
probe 1.

[0130] An operator performs B-mode ultrasonic scanning
in a region including a lumen of the subject P. For example,
the operator performs two-dimensional scanning of the sub-
ject P across a cross section 300 using the ultrasonic probe 1,
as illustrated in FIG. 17. The cross section 300 is set as a cross
section positioned at the center of the three-dimensionally
scanned region, for example. The controller 16 controls trans-
missions and receptions of ultrasound via the transmitter-
receiver 11. In this manner, the detecting unit 165 can acquire
the relative position of the cross section 300 with respect to
the ultrasonic probe 1. Furthermore, the detecting unit 165
can acquire the three-dimensional position information of the
cross section 300 in the real space, because the three-dimen-
sional position information of the ultrasonic probe 1 is
acquired.

[0131] The monitor 2 displays two-dimensional B-mode
image data 301 generated by two-dimensionally scanning the
cross section 300, as illustrated in FIG. 17. The operator
operates the ultrasonic probe 1 on which the position sensor 4'
is mounted so that the lumen of the subject P to be captured in
the VE images is represented at an approximate center of the
image, while looking at the B-mode image data 301 displayed
on the monitor 2. The operator also adjust the position of the
cross section to be used for an MPR process via the input
device 3, so that the X-ray CT image data representing the
lumen of the subject P is displayed on the monitor 2. The
monitor 2 then displays an MPR image data 102 of the X-ray
CT volume data 101, as illustrated in FIG. 17.
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[0132] When the same feature part as the feature part rep-
resented in the MPR image data 102 is represented in the
B-mode image data 301, the operator presses an OK button.
The operator then designates the center position of the feature
part in each of these images using a mouse. Alternatively, the
operator may designate the position of a plurality of feature
parts in each of these images using amouse. The operator then
performs three-dimensional scanning of the subject P in the
Doppler mode in a three-dimensional region including the
cross section 300 at the time the OK button was pressed, to
collect the fluid volume data.

[0133] The image generator 14 then generates the fluid
volume data (e.g., power volume data). The detecting unit 165
performs registration the fluid volume data and the X-ray CT
volume data 101, using various types of information of when
the OK button was pressed. Various types of information of
when the OK button was pressed include three-dimensional
position information of the cross section in the X-ray CT
volume data 101 corresponding to the MPR image data 102 of
when the OK button was pressed, and three-dimensional
position information of the cross section 300 in the real space
corresponding to the B-mode image data 301 of when the OK
button was pressed. The detecting unit 165 converts the three-
dimensional position information of the cross section 300 in
the real space into the three-dimensional position information
of the cross section 300 in the fluid volume data, based on
ultrasound transmitting and receiving conditions and condi-
tions for scan conversions. Various types of information of
when the OK button was pressed also includes the position
information of a feature part included in each of the MPR
image data 102 and the B-mode image data301. For example,
the detecting unit 165 generates a conversion matrix for con-
verting the coordinate system of the fluid volume data into the
coordinate system of the X-ray CT volume data 101 using
these various types of information.

[0134] In the first variation, the detecting unit 165 may
perform registration the B-mode volume data collected from
the same temporal phase as the fluid volume data and another
type of tissue volume data using three or more feature regions
designated by the operator. Furthermore, the detecting unit
165 may perform registration the B-mode volume data col-
lected from the same temporal phase as the fluid volume data
and another type of tissue volume data using edge detection or
feature point detection, for example. By means of these detec-
tions, the detecting unit 165 can perform registration the fluid
volume data and the other type of tissue volume data.

[0135] The detecting unit 165 then detects a fluid region (a
fluid existing region) in the fluid volume data, as explained in
the first embodiment. The detecting unit 165 then converts the
three-dimensional position information of the fluid region
into the three-dimensional position information of the X-ray
CT volume data 101 using the above-described conversion
matrix, for example. Such three-dimensional position infor-
mation represents the inner cavity region of a lumen in the
X-ray CT volume data 101. The image generator 14 generates
VE images for a fly-through view from the X-ray CT volume
data 101, by performing the process explained in the first
embodiment with reference to FIG. 6. The image generator 14
may generates various types of image data explained in the
first embodiment with reference to FIGS. 7A, 7B, and 7C
from the X-ray CT volume data 101.

[0136] In the first variation as well, when another type of
tissue volume data and the fluid volume data are collected
sequentially, as explained in the second embodiment, the
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acquiring unit 16a acquires the other type of tissue volume
data and the fluid volume data from the same temporal phase
using a biological signal of the subject P. The detecting unit
164 then detects the inner cavity region after registration the
other type of tissue volume data and the fluid volume data
from the same temporal phase.

[0137] Inthe first variation as well, as explained in the third
embodiment, the detecting unit 165 may detect an abnormal
cross section in the other type of tissue volume data. Further-
more, in the first variation as well, as explained in the third
embodiment, the image generator 14 may generate image
data to be displayed on the monitor 2 from the other type of
tissue volume data using the abnormal cross section.

[0138] According to the first variation, the inner cavity
region of a lumen in non-contrast X-ray CT volume data,
non-contrast MRI volume data, or the like can be detected
easily using the fluid volume data.

[0139] A second variation will now be explained with ref-
erence to FIG. 18 and the like. FIG. 18 is a schematic for
explaining the second variation. In the second variation, the
fluid volume data is used as volume data to be applied with the
image processing. In the second variation, the acquiring unit
16a acquires fluid volume. The detecting unit 16a detects a
fluid region detected in the fluid volume data as the inner
cavity region of a lumen in the fluid volume data.

[0140] For example, the detecting unit 165 detects the fluid
region 110 in the power volume data 100, as illustrated in
FIG. 2. The detecting unit 165 then detects the fluid region
110 as an inner cavity region 111 of the lumen in the power
volume data 100, as illustrated in the left drawing in F1G. 18.
In the left drawing in FIG. 18, the power volume data 100 and
the inner cavity region 111 are illustrated as two-dimensional
data, but in practice, the power volume data 100 and the inner
cavity region 111 are three-dimensional data. In the left draw-
ing in FIG. 18, the inner cavity region 111 that is the fluid
region 110 assigned with a luminance is represented as
hatched, and the region with no fluid (the region other than the
inner cavity region 111 in the power volume data 100) is
represented in white.

[0141] Inthe second variation, the image generator 14 gen-
erates simulated volume data from the fluid volume data
using the inner cavity region detected by the detecting unit
165. Specifically, the image generator 14 removes the inner
cavity region detected by the detecting unit 165 from the fluid
volume data. The image generator 14 then assigns a prede-
termined luminance at least to the inner wall of the lumen
based on the inner cavity region detected by the detecting unit
165.

[0142] Forexample, the image generator 14 assigns a lumi-
nance “0” to the inner cavity region 111, and assigns a lumi-
nance “1” to the region other than the inner cavity region 111
in the power volume data 100. As a result, the image generator
14 generates simulated volume data 120 in which the inner
cavity region 111 is removed, and the voxels corresponding to
the inner wall of the lumen is assigned with luminance “1”
(see the right drawing in FIG. 18). In the right drawing in FIG.
18, the simulated volume data 120 is illustrated as two-di-
mensional data, but in practice, the simulated volume data
1201s three-dimensional data. In the right drawing in FIG. 18,
the region assigned with the luminance *“17, that is, the region
without any fluid such as the inner wall of a lumen is repre-
sented in black. In the right drawing in FIG. 18, the region
assigned with the luminance “0”, that is, the inner cavity
region 111 thus removed, is represented in white. The image
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generator 14 may also generate the simulated volume data
120 by assigning luminance “1” only to the inner wall of the
lumen and to the region near the inner wall in the region other
than the inner cavity region 111 in the power volume data 100,
for example.

[0143] The image generator 14 then generates projected
images (VE images) in which the simulated volume data 120
is projected from the viewpoint positions set inside of the
lumen as the image data to be displayed on the monitor 2. The
image generator 14 then extracts the center line of the lumen
from the simulated volume data 120. The image generator 14
generates dynamic images including a plurality of projected
images (VE images) in which the viewpoint position is
shifted along the center line, as the image data group to be
displayed on the monitor 2.

[0144] In the second variation as well, the detecting unit
165 may detect an abnormal cross section from the simulated
volume data 120 generated from the power volume data 100
which is the volume data to be applied with the image pro-
cessing, as explained in the third embodiment. Furthermore,
in the second variation as well, as explained in the third
embodiment, the image generator 14 may generate image
data to be displayed on the monitor 2 from the simulated
volume data 120 using an abnormal cross section.

[0145] In the second variation, a fly-through view can be
provided using only the Doppler volume data (fluid volume
data), from which the inner cavity region of a lumen can be
easily detected.

[0146] Furthermore, the image processing methods
explained in the first embodiment to the third embodiment,
the first variation, and the second variation may be executed
by an image processing apparatus deployed independently
from the ultrasonic diagnostic apparatus. Such an image pro-
cessing apparatus can execute the image processing methods
explained in the first embodiment to the third embodiment by
acquiring three-dimensional B-mode data and three-dimen-
sional Doppler data, or B-mode volume data and Doppler
volume data. Furthermore, the image processing apparatus
can execute the image processing methods explained in the
first variation by acquiring three-dimensional Doppler data or
Doppler volume data, another type of tissue volume data, and
registration information (for example, conversion matrix).
Furthermore, such an image processing apparatus can
execute the image processing method explained in the second
variation by acquiring three-dimensional Doppler data or
Doppler volume data.

[0147] The units included in the apparatuses illustrated in
the drawings are provided as schematic representations of the
corresponding concepts and functionality, and are not
required to be physically configured in the manner illustrated
in the drawings. Specific configurations in which the appara-
tuses are distributed or integrated are not limited to those
illustrated in the drawings, and the whole or a part of the
apparatuses may be distributed or integrated functionally or
physically in any units depending on various loads or utiliza-
tion. Furthermore, the whole or a part of the processing func-
tions executed in each of the apparatuses may be realized as a
central processing unit (CPU) and a computer program
parsed and executed by the CPU, or realized as hardware
using wired logics.

[0148] Each of the image processing methods explained in
the first embodiment to the third embodiment, the first varia-
tion, and the second variation can be realized by causing a
computer such as a personal computer or a workstation to
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execute an image processing program prepared in advance.
Such an image processing program may be distributed over a
network such as the Internet. Furthermore, the control pro-
gram may be recorded in a computer-readable non-temporary
recording medium such as a hard disk, a flexible disk (FD), a
compact disk read-only memory (CD-ROM), a magneto-
optical (MO) disk, a digital versatile disk (DVD), or a flash
memory such as a universal serial bus (USB) memory or a
Secure Digital (SD) card memory, and executed by being read
from the recording medium.
[0149] As explained above, according to the first embodi-
ment to the third embodiment, the first variation, and the
second variation, the inner cavity region of a lumen can be
detected easily.
[0150] 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 inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasonic diagnostic apparatus comprising;
a computing processor configured to
acquire fluid volume data representing fluid information
related to a fluid flowing through a scan region that is a
region three-dimensionally scanned by ultrasonic; and
detect a region that is a fluid existing region in the scan
region using the fluid information, and to detect an inner
cavity region of a lumen in volume data to be applied
with image processing using the region thus detected.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein
the computing processor is further configured to acquire
tissue volume data representing tissue form in the scan
region as the volume data to be applied with the image
processing, and
detect a region that is a fluid existing region in the scan
region using the fluid information, and to detect an inner
cavity region of a lumen included in the tissue volume
data using the region thus detected.
3. The ultrasonic diagnostic apparatus according to claim
2, wherein
the computing processor is further configured to generate a
projected image in which the tissue volume data is pro-
jected from a viewpoint position set inside of the Iumen,
based on the inner cavity region detected by the detect-
ing unit, as image data to be displayed on a given display
unit.
4. The ultrasonic diagnostic apparatus according to claim
3, wherein
the computing processor is configured to extract a center
line of the lumen from data in which the inner cavity
region is removed from the tissue volume data, and to
generate a plurality of projected images by shifting a
viewpoint position along the center line as an image data
group to be displayed as dynamic images on the given
display unit.
5. The ultrasonic diagnostic apparatus according to claim
2, wherein
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the computing processor is configured to, when the tissue
volume data and the fluid volume data are collected
separately and sequentially at different times, acquire
tissue volume data and fluid volume data from a same
temporal phase using a biological signal of a subject
from whom the data is collected, and

detect the inner cavity region using the tissue volume data

and the fluid volume data from the same temporal phase.

6. The ultrasonic diagnostic apparatus according to claim
2, wherein the computing processor is configured to acquire
tissue volume data generated by three-dimensional ultra-
sonic-scanning of the scan region as the tissue volume data.

7. The ultrasonic diagnostic apparatus according to claim
2, wherein

the computing processor is configured to acquire tissue

volume data generated by three-dimensionally captur-
ing the scan region with a medical image diagnostic
apparatus of a type different from the ultrasonic diag-
nostic apparatus as the tissue volume data, and

detect an inner cavity region of a lumen included in the

tissue volume data after registration the fluid volume
data and the tissue volume data.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein

the computing processor is configured to, when the fluid

volume data is used as the volume data to be applied with
the image processing, detect a region that is a fluid
existing region in the scan region as an inner cavity
region of a lumen in the fluid volume data, and
remove the inner cavity region detected by the detecting
unit, to assign a given luminance at least to an inner wall
of the lumen based on the inner cavity region detected by
the detecting unit, to generate simulated volume data
from the fluid volume data, and to generate a projected
image in which the simulated volume data is projected
from a viewpoint position set inside of the lumen as
image data to be displayed on a given display unit.

9. The ultrasonic diagnostic apparatus according to claim
8, wherein the computing processor is configured to extract a
center line of the lumen from the simulated volume data, and
to generate a plurality of projected images by shifting the
viewpoint position along the center line as an image data
group to be displayed as dynamic images on the given display
unit.

10. The ultrasonic diagnostic apparatus according to claim
1, wherein the computing processor is further configured to
calculate an area of the inner cavity region in each of a
plurality of cross sections perpendicularly intersecting with a
center line of the inner cavity region, and to detect a cross
section having a calculated area deviating from those calcu-
lated for nearby cross sections as an abnormal cross section.

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

the computing processor is further configured to generate

image data to be displayed on a given display unit from
the volume data to be applied with the image processing,
using the abnormal cross section.

12. An image processing apparatus coniprising;

a computing processor configured to

acquire fluid volume data representing fluid information

related to a fluid flowing through a scan region that is a

region three-dimensionally scanned by ultrasonic; and
detect a region that is a fluid existing region in the scan

region using the fluid information, and to detect an inner
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cavity region of a lumen in volume data to be applied
with image processing using the region thus detected.

13. An image processing method comprising:

acquiring, by a computing processor, fluid volume data
representing fluid information related to a fluid flowing
through a scan region that is a region three-dimension-
ally scanned by ultrasonic; and

detecting, by the computing processor, a region that is a
fluid existing region in the scanned region using the fluid
information, and an inner cavity region of a lumen in
volume data to be applied with image processing using
the region thus detected.
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