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(54) Image processing apparatus and ultrasound diagnosis apparatus

(57) A volume data acquired from a subject, which
is allocated in points constituting three-dimensional
space and forming a data set representing a physical
property of the subject, is recorded in a recording means
(39). A characteristic quantity computed from values of
the physical property held by the volume data at each
point is extracted by a characteristic quantity extracting

means (33) and a three-dimensional image is generated
by providing opacity to the characteristic quantity by
three-dimensional image generating means (37). The
volume data is voxel volume data or polar-coordinate
ultrasound volume data. In this way, the internal struc-
ture of parenchymatous organs, especially internal
blood vessels and cavitary structures, can be displayed
three dimensionally.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an image processing apparatus and an ultrasound diagnosis apparatus for
imaging three-dimensional volumes for representing physical properties of a subject.

2. Description of the Related Art

[0002] In recent years, in venues of medical acts such as diagnosis and treatment, images created on medical image
diagnosing apparatus such as ultrasound diagnosis apparatuses, X-ray CT apparatus, X-ray diagnosis apparatus,
magnetic resonance imaging (MRI) apparatus, nuclear medicine diagnosis apparatus (gamma cameras), are being
displayed as three-dimensional images for performing diagnosis or treatment. In the field of such three-dimensional
image diagnosis, oftentimes, images are acquired by volume for example, a three-dimensional image is displayed by
volume rendering (hereafter may be referred to as "VR"), and a physician finding disorders or the like by reading the
three-dimensional image.
[0003] Volume rendering involves layering slice images obtained by an ultrasound diagnosis apparatus or the like
for example, then creating a volume model (voxel space) having a three-dimensional structure wherein the values of
each of a plurality of the slice images are packed into squares called voxels, a visual line direction is determined
regarding this volume model and voxel tracking (ray tracing) is performed from an arbitrary viewpoint, thereby obtaining
the brightness (voxel value) at the voxels, and on pixels on a projection plane, projecting image information based on
this brightness, thus extracting the liver and the like three-dimensionally to obtain a three-dimensional image.
[0004] Unlike surface rendering, volume rendering can easily display a three-dimensional structure even in the event
that clear boundary lines cannot be extracted, and unlike rendering methods such as MIP (maximum intensity projec-
tion), images containing even more accurate position information can be displayed.
[0005] For example, with three-dimensional image processing using an ultrasound diagnosis apparatus, ultrasound
vector data collected by manually or mechanically scanning with an ultrasound probe is temporarily converted into
voxel volume data made up of voxels on orthogonal X-Y-Z axes by a digital scan converter. The voxel volume is
subjected to volume rendering at a three-dimensional rendering unit, and a three-dimensionally-rendered image is
displayed on a display unit such as a CRT. This is described in Japanese Unexamined Patent Application Publication
No. 2002-224109, paragraphs [21] through [53], for example.
[0006] Further, ultrasound diagnosis apparatuses display tomographic images of tissue through non-invasive inspec-
tion, enabling real-time display of the heart beating or a fetus moving with the simple operations of just bringing an
ultrasound probe into contact with the surface of the body, and can perform blood flow imaging by the ultrasound
Doppler method, as an example of the unique features of ultrasound diagnosis apparatuses.
[0007] However, in the event of attempting three-dimensional image display, volume rendering image display for
example, based on images collected by the ultrasound diagnosis apparatus, since cavities with no blood flow such as
a gall bladder, and tubular structured tissues do not yield Doppler signals, there is the problem that when three-dimen-
sionally visualizing parenchymatous organs, such as a liver, the internal structure of the organ is hardly seen, and
internal blood vessels and cavitary structures cannot be displayed.
[0008] Even if a parameter called opacity (for how much the inside can be seen through) is set and the luminance
of the values of the original image is adjusted corresponding to opacity (or transparency), the boundary faces of internal
structures could not be clearly displayed.
[0009] In order to solve this problem, in the event of spatially comprehending a B/W tissue tomography image for
example, the three-dimensional structure is comprehended by performing clipping operations such as box clipping
(setting a box-shaped visible region, so only inside this region is the object of display), cross-section positioning op-
eration of an MPR (multi planar reconstruction) image, and so forth.
[0010] Or, color Doppler may be used to combine blood flow information and a B/W tissue tomography image for
display.
[0011] However, there is the need to perform fine settings using a mouse while rotating the volume in order to carry
out clipping or MPR image positioning, so in the event of displaying a three-dimensional image in real-time and ob-
serving the changes therein, such as blood flow, a technician must hold the ultrasound probe for sequentially taking
in the three-dimensional volumes and simultaneously perform complicated operations for volume rendering, such as
clipping processing and the like, so this arrangement is unrealistic from the viewpoint of operability.
[0012] Besides, there is the problem that the internal structure cannot be comprehended unless the cross-section
is referred to by clipping and the like with regard to the volume rendering image, and the task of cutting the cross-
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section with a mouse or the like is very troublesome.
[0013] Particularly, cavities with no blood flow such as the gall bladder or tissue having tubular structures do not yield
Doppler signals, so cavitary structures with no blood flow have not been able to be displayed, even using the color
Doppler method. While a method for obtaining Doppler signals by injecting an ultrasound contrast agent might be
conceived, this in itself has problems of increased invasiveness, inspection becoming less handy, and so forth.
[0014] In order to achieve the object, as one aspect of the invention, there is provided an image processing apparatus
(2, 102, 212) comprising: recording means (39) for recording volume data acquired from a subject, which is allocated
in three-dimensional space, and forms a data set representing a physical property of the subject; characteristic quantity
extracting means (33) for extracting a characteristic quantity computed from values of the physical property held by
each volume data; and three-dimensional image generating means (36, 37) for providing opacity to the characteristic
quantity, and for generating a volume rendering image using the opacity.
[0015] Preferably, the characteristic quantity is boundary information representing a boundary face between different
objects existing inside the volume data. In this case, the three-dimensional image generating means may heighten the
opacity of the boundary face, and lower the opacity of a rest so as to generate a volume rendering image with the
boundary face enhanced. Besides, the characteristic quantity extracting means may compute one of a normal vector
perpendicular to the boundary face and information regarding the vector length (S4), which is determined from the
difference between an intensity of volume data of interest and an intensity of nearby volume data. Further, the three-
dimensional image generating means may generate a volume rendering image based on one of the normal vector and
the information regarding the vector length.
[0016] It is preferred that the characteristic quantity extracting means computes a gradient vector necessary for
shading processing (S609), and the three-dimensional image generating means generates a volume rendering image
using one of the gradient vector and a value of its intermediate product made in the process of its computation.
[0017] It is also preferred that the characteristic quantity extracting means is configured with a high-pass filter
processing the volume data of the interest, or comprises three Sobel filters (335a, 335b, 335c) mutually independently
processing the volume data in three directions set to identify a position of the volume data in the three-dimensional
space. Further, a smoothing means (31) for performing smoothing processing may added before performing charac-
teristic quantity extraction processing. In this case, the smoothing means may be one of a weighted averaging unit and
a median filtering unit (331).
[0018] Preferably, one of the characteristic quantity extracting means and the three-dimensional image generating
means performs processing (S3) in increments of slices parallel to the two directions out of the three directions, and
the closest to perpendicular to a projection direction.
[0019] Still preferably, the image processing apparatus further comprises a display means (38) for displaying an
animated image by sequentially processing a plurality of volume data recorded in the recording means. In this case,
the display means may sequentially performs processing consecutive volume data in real time acquired with two-
dimensional array probe which can scan a three-dimensional space in order to display an animated image.
[0020] It is preferred that the three-dimensional image generating means generates a plurality of tomographic images
cut in different directions. In this case, the three-dimensional image generating means may generate at least one of
the plurality of tomographic images cut in different directions and a volume rendering image based on a value of the
volume data, in concurrence with generating a volume rendering image, and the display means may displays them
(402, 404) simultaneously.
[0021] It as also preferred that the characteristic quantity extracting means performs characteristic quantity extraction
processing only on a certain type of volume data among a plurality of types of volume data with different physical
properties, and the three-dimensional image generating means generates a three-dimensional image by superimposing
three-dimensional distribution information acquired from the volume data processed in the characteristic quantity ex-
traction means on three-dimensional distribution information acquired from the remaining unprocessed volume data.
In this case, the characteristic quantity extraction means is configured wherein a selection condition of a type of volume
data to be processed may be changeable so that the characteristic quantity extraction processing is performed on a
different type of volume data.
[0022] As another aspect of the invention, there is provided that an ultrasound diagnosis apparatus (1, 100, 210)
comprising: ultrasound transmission/reception means (14, 22) for transmitting ultrasound waves to a subject and re-
ceiving reflected waves from the subject so as to outputting volume data acquired from a subject, which is allocated
in three-dimensional space, and forms a data set representing a physical property of the subject as signals from the
subject; first ultrasound information generating means (27) for acquiring and outputting first three-dimensional distri-
bution information about a tissue structure of the subject; second ultrasound information generating means (28) for
acquiring and outputting second three-dimensional distribution information about property of a moving object of the
subject; recording means (39) for recording volume data acquired by the ultrasound transmission/reception means;
characteristic quantity extracting means (33) for extracting a characteristic quantity computed from values of the phys-
ical property held by each volume data; and three-dimensional image generating means (37) for providing opacity to
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the characteristic quantity, and for generating a volume rendering image using the opacity.
[0023] Preferably, the volume data is acquired by the ultrasound transmission/reception means during scanning a
section of the subject with the use of one of a two-dimensional array probe (12) and swing movement of a sector probe,
and represented by polar coordinates, whose origin is set at an irradiating point of ultrasound beam, using two angles
in mutually orthogonal directions. Or the volume data is acquired by the ultrasound transmission/reception means
during scanning a section of the subject by rotating a ultrasound probe around its axis so as to rotate a plurality of
volume data of interest disposed in a two-dimensional plane around the axis in the opposite way. Or again, the volume
data is acquired by the ultrasound transmission/reception means during scanning a section of the subject by shifting
a ultrasound probe in parallel along a perpendicular direction to the section so as to shift a plurality of volume data of
interest in parallel to the opposite direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a functional block diagram illustrating an example of the overall schematic configuration of an ultrasound
diagnosis apparatus according to the first embodiment of the present invention;
FIG. 2 is a functional block diagram illustrating details of a face extraction filter processing unit of the ultrasound
diagnosis apparatus shown in FIG. 1;
FIGS. 3A through 3C are explanatory diagrams for describing the overview of processing at the face extraction
filter processing unit, in which FIG. 3A illustrates an array of the eight samples (voxels) near the sample of interest
in the X-direction in the image, FIGS.3B and 3C illustrate those in the Y-direction and Z-direction respectively;
FIGS. 4A and 4B are explanatory diagrams for describing the overview of processing at the smoothing filer process-
ing unit, in which FIG. 4A illustrates volume data including the sample (voxel), and FIG. 5B illustrates the six nearby
samples;
FIG. 5 is a flowchart describing a specific example of processing of a median filter;
FIGS. 6A and 6B illustrate some examples of a volume scan, in which, FIG. 6A illustrates shifting a ultrasound
probe in parallel along a perpendicular direction to the section, and FIG. 6B illustrates rotating a ultrasound probe
around its axis;
FIGS. 7A and 7B are explanatory diagrams for comparing a three-dimensional image generated by the ultrasound
diagnosis apparatus according to the present invention with a three-dimensional image generated by a conven-
tional ultrasound diagnosis apparatus, in which FIG. 7A illustrates a liver displayed on the display unit according
to a normal mode and FIG. 7B illustrates a liver displayed on the display unit according to the present invention;
FIG. 8 is a functional block diagram illustrating the details of another example of a face extraction filter processing
unit according to the second embodiment of the ultrasound diagnosis apparatus according to the present invention;
FIG. 9 is a functional block diagram illustrating an example of the overall schematic configuration of the ultrasound
diagnosis apparatus according to the third embodiment of the present invention;
FIGS. 10A through 10C are explanatory diagrams for describing the geometric shape of ultrasound volume data
collected by an ultrasound probe, in which FIG. 10A illustrates a geometric shape of a volume, FIG. 10B illustrates
the angle θ between the projected ultrasound beam on the X-Y plane and the Y axis, and FIG. 10C illustrates the
angle ψ between the projected ultrasound beam on the Y-Z plane and the Y axis;
FIG. 11 is a functional block diagram illustrating a detailed configuration of a slice processing unit of the ultrasound
diagnosis apparatus shown in FIG. 9;
FIGS. 12A through 12C are conceptual diagrams for describing conversion processing for converting normal vec-
tors on a polar-coordinate into those on an orthogonal coordinates, which is performed by a shading vector com-
putation unit of the ultrasound diagnosis apparatus shown in FIG. 8, in which Fid. 12A illustrates ultrasound slice
data on polar coordinates that are input to the shading vector computation unit, FIG. 12B illustrates the ultrasound
slice data on a polar coordinate system shown in FIG. 12A that has been represented by orthogonal coordinates
and FIG. 12C is a conceptual diagram of the output data of the shading vector computation unit;
FIG. 13 is a functional block diagram illustrating the detailed configuration of a shading vector computation unit of
the ultrasound diagnosis apparatus shown in FIG. 9;
FIG. 14 is a functional block diagram illustrating the detailed configuration of a slice rendering unit of the ultrasound
diagnosis apparatus shown in FIG. 9;
P8 L13
FIGS. 15A through 15C are explanatory diagrams for describing the concept of image generation processing in
the event that the visual line direction is set in the ϕ axis direction, in which FIG. 15A illustrates an ultrasound slice
data group being generated from the obtained ultrasound volume data, FIG. 15B illustrates the ultrasound slice
data being geometrically converted and superimposed by rendering processing and FIG. 15C illustrates component
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shapes geometry corresponding to the slices;
FIGS. 16A through 16C are explanatory diagrams for describing the concept of image generation processing in
the event that the visual line direction is set in the R axis direction in which FIG. 16A illustrates an ultrasound slice
data group being generated from the obtained ultrasound volume data, FIG. 16B illustrates the ultrasound slice
data being geometrically converted and superimposed by rendering processing and FIG. 16C illustrates component
shapes geometry corresponding to the slices;
FIG. 17 is a flowchart illustrating an example of ultrasound image collecting and generating processing procedures
with an ultrasound diagnosis apparatus according to the third embodiment of the present invention;
FIG. 18 is a flowchart describing an example of slice processing performed by the slice processing unit of the
ultrasound diagnosis apparatus shown in FIG. 9;
FIGS. 19A through 19C are explanatory diagrams for describing the relation between the visual line direction and
slice face, in which FIG. 19A illustrates a R-ψ slice face with the same θ, FIG. 19B illustrates a R-θ slice face with
the same ψ, and FIG. 19C illustrates a θ-ψ slice face with the same R;
FIG. 20 is a flowchart describing an example of the processing procedures executed at the slice rendering unit of
the ultrasound diagnosis apparatus shown in FIG. 9;
FIG. 21 is an explanatory diagram describing the correlation between R-ϕ slice face and R-θ slice face ultrasound
slice data, and slice geometric information;
FIG. 22 is an explanatory diagram describing the correlation between ϕ-θ slice face ultrasound slice data and slice
geometric information;
FIG. 23 is a functional block diagram illustrating an example of the overall schematic configuration of the ultrasound
diagnosis apparatus according to the fourth embodiment of the present invention;
FIG. 24 is a functional block diagram illustrating a detailed configuration of the shading vector computation unit of
the ultrasound diagnosis apparatus shown in FIG. 23;
FIG. 25 is a flowchart illustrating an example of ultrasound image collecting and generating processing procedures
with the ultrasound diagnosis apparatus shown in FIG. 22;
FIG. 26 is a flowchart illustrating an example of face extracting processing procedures with the ultrasound diagnosis
apparatus shown in FIG. 23;
FIG. 27 is a functional block diagram illustrating an example of the overall schematic configuration of the ultrasound
diagnosis apparatus according to the fifth embodiment of the present invention;
FIG. 28 is an explanatory diagram describing an example of the display format displayed on the display unit; and
FIG. 29 is a functional block diagram illustrating an example of the overall schematic configuration of the ultrasound
diagnosis apparatus according to seventh embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0025] The following is a specific description of an example of preferred embodiments of the present invention, with
reference to the drawings. In the following, an embodiment wherein samples of voxel volume data (voxels) are subjected
to face extraction filtering will be described in the "first embodiment", and an embodiment wherein samples of polar-
coordinate ultrasound volume data are subjected to face extraction filtering will be described in the "third embodiment".
Other embodiments are all various modifications. The description will now begin with the first embodiment.

First Embodiment

[0026] First, with the first embodiment, face extraction processing (high band enhancing filtering processing), which
is a feature of the present embodiment, is performed on an equant voxel volume, generating a volume with enhanced
face component, and volume rendering processing is performed regarding each sample value, thereby displaying a
volume rendering image with enhanced face components.
[0027] Before describing such features, the overall schematic configuration of the ultrasound diagnosis apparatus
which is the basis thereof will be described with reference to FIG. 1. FIG. 1 is a block diagram illustrating an example
of the configuration of the ultrasound diagnosis apparatus according to the present embodiment.

(Configuration of ultrasound diagnosis apparatus)

[0028] As shown in FIG. 1, the ultrasound diagnosis apparatus 1 according to the present embodiment comprises
an ultrasound probe 12 for handling transmission and reception of ultrasound signals between the device and a subject,
a transmission unit 14 for driving the ultrasound probe 12, a reception unit 22 for processing the reception signals from
the ultrasound probe 12, a phasing adder 24, a detection circuit 26, an echo processor (EP) 27 which is a B/W luminance
signal processing unit, a flow processor (FP) 28 which is a blood flow detecting/processing unit, a digital scan converter
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(DSC) 29, a real-time controller (RTC) 16 which is a transmission/reception control circuit, a host CPU 17 which is a
control unit, a volume generator 30, a smoothing filtering unit 31, a face extraction filtering unit 33, a three-dimensional
rendering engine 37, a display unit 38 for displaying three-dimensional images and the like, a memory 39, an operating
unit 18 capable of receiving input of instruction information from an operator, and so forth. Note that reference numeral
2 denotes the configuration of the image processing apparatus.
[0029] The ultrasound probe 12 is a probe for transmitting photographing ultrasound waves into the subject (patient)
and receiving the reflected waves from the subject, and is made of piezoelectric transducers and so forth. The piezo-
electric transducers are cut in a direction perpendicular to the scanning direction, and make up a plurality of channels.
Manually or mechanically scanning with the ultrasound probe 12 in a direction perpendicular or generally perpendicular
to the scan cross-section collects three-dimensional ultrasound volumes. The manual or mechanical scanning position
is detected by an unshown magnetic sensor or encoder, and the scanning position information is input to the real-time
controller (RTC) 16 where header information is added and sent to the volume generator 30 along with the ultrasound
wave data.
[0030] A real-time controller (RTC) 16 performs timing control for transmission/reception of ultrasound signals, based
on scan control parameters input from the host CPU 17. Included in the control parameters are ultrasound collection
mode such as B/W or color Doppler scan, scan region, raster density, repetition cycle of ultrasound data collection,
and so forth. The real-time controller (RTC) 16 operates a timer based on repetition cycle information of the ultrasound
data collection, and generates ultrasound transmission reference signals based on the cyclically generated timer out-
put.
[0031] The real-time controller (RTC) 16 also generates information necessary for beam processing, such as a beam
type for distinguishing whether the ultrasound beam is B/W data or color Doppler data, data collection distance, and
so forth, as header information. The generated header information is added to the data in the later-described reception/
transmission unit 22, and is transmitted to the units for performing the subsequent processing with the data. The units
downstream determine the contents of beam processing, beam type identification and beam processing and param-
eters based on the received header information, and following execution of necessary processing, further combines
the header information and ultrasound beam data which is transferred to the units downstream.
[0032] Though not shown in the drawings, the transmission unit 14 has a basic pulse generator, a delay circuit, and
a high-voltage pulse generating circuit (pulser circuit). The transmission unit 14 generates transmission pulse gener-
ating signals with the basic pulse generator using the ultrasound transmission/reception reference signals input from
the real-time controller (RTC) 16 as a reference, adds delay time for forming desired ultrasound beams with the delay
circuit channel by channel, amplifies transmission pulse generating signals with the pulser circuit, and applies them to
the piezoelectric transducers making up each channel of the ultrasound probe 12.
[0033] Though not shown in the drawings, the reception unit 22 has a preamplifier, an A/D converter, and a reception
delay circuit. The reception unit 22 receives ultrasound reflection pulses from the subject channel by channel in the
ultrasound probe 12 under control of the real-time controller 16, which are converted into digital signals at the A/D
converter following amplification of the amplitude thereof by the preamplifier.
[0034] Thus, reception signals are obtained by generating pulsed ultrasound waves which are sent to transducers
of the ultrasound probe 12, and receiving the echo signals scattered in the tissue of the subject with the ultrasound
probe 12 again.
[0035] The output from the reception unit 22 is subjected to delay processing necessary for determining reception
directivity at the phasing adder 24 and then addition processing to form a plurality of ultrasound beams for each raster,
the ultrasound beam data is subjected to quadrature phase detection processing in the detection circuit 26, and is sent
to the echo processor (EP) 27 or the flow processor (FP) 28 according to the imaging mode.
[0036] The phasing adder 24 performs addition processing for the signals of the reception channels input from the
reception unit 22, taking into account delay time necessary for determining the reception directivity using an unshown
digital delay phasing adder, and outputs obtained RF (Radio Frequency) ultrasound signals thereto. The RF ultrasound
signal corresponds to the ultrasound beam of each raster formed by delay addition processing. Forming a plurality of
ultrasound beams simultaneously at the phasing adder 24 enables so-called parallel simultaneous reception, so that
the scanning time of the ultrasound volume can be reduced.
[0037] The detection circuit 26 subjects the ultrasound beam data formed by the delay addition processing at the
phasing adder 24 to quadrature phase detection processing, and sends the processed signals to the echo processor
(EP) 27 or the flow processor (FP) 28 according to the imaging mode.
[0038] The echo processor (EP) 27 is a unit for performing signal processing necessary for generating three-dimen-
sional B/W tissue image data indicating the tissue structure information involved in the reception signals reflected from
the body tissue. Specifically, the echo processor (EP) 27 forms pictures of the intensity of ultrasound signals reflected
at the tissue by envelope detection processing, and performs high-cut filtering suitable for generating image data cor-
responding to the tissue structure.
[0039] The flow processor (FP) 28 making up a blood flow signal detection/processing unit is a unit for performing
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signal processing necessary for forming pictures of the movement such as blood flow and the like, and specifically,
parameters such as velocity, power, dispersion and so forth are calculated with the color Doppler method. The output
of the echo processor (EP) 27 or the flow processor (FP) 28 is data for each sample position along with the direction
of the ultrasound beam (hereafter referred to as "ultrasound sample data"), and a three-dimensional volume configured
of the ultrasound sample data will be referred to as ultrasound volume data (previously "ultrasound vector data set").
[0040] The digital scan converter (DSC) 29 is for converting a train along each raster scanned by ultrasound scanning
into a train along each raster in a common video format such as television format, wherein the data input from the echo
processor (EP) 27 is used to generate B/W tissue image data, and the data input from the flow processor (FP) 28 is
used to generate color blood flow image data, based on geometrical information of each ultrasound raster, and both
are weighted for example and added to generate display image data. Interpolation using commonly-known anti-aliasing
is performed for data where aliasing occurs such as in the blood flow velocity, thereby generating a two-dimensional
image.
[0041] The volume generator 30 converts the plurality of tomography images input from the digital scan converter
(DSC) 29 into volumes configured of equant voxels, based on the scan cross-section position information. Here, linear
interpolation processing (Tri-Linear interpolation processing) using the eight ultrasound samples surrounding the voxel
of interest is employed for the interpolation processing. With regard to data wherein aliasing, as typified by blood flow
velocity occurs, Tri-Linear interpolation processing including the anti-aliasing processing is performed.
[0042] The image memory 39 is coupled with the Volume generator 30, and includes a memory device and a writing/
reading controller for storing therein data handled by the Volume generator 30 (i.e., either one type of data conformable
to ultrasound scanning or standard television scanning). Echo data stored in the memory device can be read by the
unit of frame during real-time imaging or after such imaging in response to an operator's command. The read data are
sent via the volume generator 30 and so forth to the display unit 38 to be displayed thereon.
[0043] The smoothing filtering unit 31 performs smoothing processing on the three-dimensional volume generated
by the volume generator 30, and removes noise such as speckle noise.
[0044] The face extraction filtering unit 33 performs low-cut filtering on the three-dimensional volume of the volume
generator 30, so as to generate a three-dimensional volume wherein the face component is enhanced.
[0045] The three dimensional rendering engine 37 receives the voxel volume which the volume generator 30 has
generated and has been subjected to smoothing and face extraction processing, and generates a three-dimensional
rendering image based on image generating parameters set in the CPU 17, including volume rendering, surface ren-
dering, rendering mode such as MPR, as well as visual line direction, opacity, coloring method, and so forth. Note that
while various techniques are being proposed for algorithms for generating three-dimensional images, a commonly-
known one is ray tracing.
[0046] The display unit 38 is composed of a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, and is
used for displaying two-dimensional ultrasound images such as the B/W tissue images or color blood flow images or
the like generated by the digital scan converter (DSC) 29, and diagnosis of the subject by the user. The display unit
38 also displays a three-dimensional rendering image generated by the three-dimensional rendering engine 37 either
independently, or along with the two-dimensional ultrasound images generated by the digital scan converter (DSC) 29.
[0047] Particularly, the display unit 38 is arranged so as to be capable of displaying three-dimensional images sub-
jected to face enhancement (first three-dimensional images), three-dimensional images not subjected to face enhance-
ment (second three-dimensional images), MPR images according to one or both of them, and so forth. These can be
switched over as appropriate by a display control unit contained in the host CPU 17, according to operating instructions
from the operating unit 18.
[0048] Thus, an image representing the tissue shape of the subject is displayed on the display unit 38, and the user
can obtain three-dimensional information from the ultrasound image displayed thereupon, and accordingly can easily
obtain a general understanding of whether or not there is a disorder, and if so, the size and so forth of the affected area.
[0049] The operating unit 18 has devices for inputting predetermined instructions, such as a mouse, buttons, key-
board, trackball, operating panel, and so forth. These operating devices are used for the operator to input or set patient
information, device conditions, and so forth, and also are used for inputting necessary transmission/reception condi-
tions, display format selection information, specifying MPR cross-section on a three-dimensional image, setting rota-
tions and opacity of the three-dimensional image, and so forth.
[0050] For example, conditions relating to scanning and displaying are input by operating switches disposed on the
operating panel, or by using the mouse or the like to select one from a menu within a window displayed on the display
unit 38 making up the image display unit composed of a CRT or the like. Also, rotation operations with regard to the
ultrasound volume data, display window level and opacity/color settings, and so forth, are performed by moving the
mouse vertically and horizontally.
[0051] The host CPU 17 is a control means serving as the control center of the entire apparatus to control the com-
ponents, and has functions of an information processing device with memory (i.e., a computer) so as to control the
actions of the ultrasound diagnosis apparatus itself following procedures programmed beforehand. The CPU 17 con-
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trols the transmission unit 14 and the reception unit 22 connected to the ultrasound probe 12, the phasing adder 24,
the detection circuit 26, the echo processor (EP) 27 for obtaining images of the subject, the flow processor (FP) 28 for
obtaining blood flow images, the volume generator 30 for generating volumes, the digital scan converter (DSC) 29,
the smoothing filter processing unit 31, the face extraction filter processing unit 33, the three-dimensional rendering
engine 37, the display unit 38, and so forth.
[0052] The control actions include processing regarding the diagnosis mode, transmission/reception conditions, dis-
play format such as three-dimensional image display or MPR images or the like, which the operator commands via
the operating unit 18, and also includes transmission control (transmission timing, transmission delay, etc.) regarding
the transmission unit 14, reception control regarding the reception unit 22 (reception delay, etc.), commands for gen-
erating three-dimensional images from the three-dimensional rendering engine 37, and further, calling up and executing
necessary programs and data in the face extraction and so forth regarding three-dimensional images according to the
present invention, instructing face extraction processing at the face extraction filtering unit 33, prompting executing of
MPR processing and the like, and overall control of software modules.
[0053] The host CPU 17 interprets the conditions relating to scanning or displaying input via the operating unit 18
by the user, and controls the entire apparatus by setting parameters necessary for such control. Upon completion of
setting the parameters for the entire apparatus, the host CPU 17 instructs the real-time controller (RTC) 16 to start
transmission/reception of ultrasound signals.
[0054] The host CPU 17 successively judges the operation inputs successively made by the user via the operating
unit 18 as to the three-dimensional images, such as rotation operations for the volume, and performs control regarding
display of three-dimensional images by setting the necessary parameters to the three-dimensional rendering engine
37 and so forth.
[0055] Besides, the two-dimensional ultrasound images and the three-dimensional images and the like are stored
in the memory 39, and can be called up by the operator following diagnosis for example. Also, the memory 39 not only
saves the diagnosis images, but also stores various types of software programs for performing the aforementioned
face extraction filtering and for programs for performing smoothing to remove speckle noise or the like.
[0056] Further, the host CPU 17 reads in outputs signals or image luminance signals immediately after the reception
unit 22, and displays these on the display unit 38 via the digital scan converter (DSC) 29, or saves the signals in the
memory 39 as an image file, or transfers the signals to an external information processing device (PC), printer, external
storage medium, diagnosis database, electronic medical record system, and so forth, via another interface.

(Overall operations of ultrasound diagnosis apparatus)

[0057] The ultrasound diagnosis apparatus 1 having such a configuration operates generally as described below.
That is, upon diagnosis being commanded, ultrasound waves transmitted from the transmission unit 14 to the body as
the subject via the ultrasound probe 12 is received at the reception unit 22 via the ultrasound probe 12 again as reflected
signals from the body. The echo signals subjected to phasing addition passing through the reception unit 22, and
subjected to logarithmic amplification and envelope detection being output as luminance information with amplitude
information, then input to the digital scan converter (DSC) 29 as an image. This yields a normal two-dimensional
tomography image.
[0058] The output of the reception unit 22 is subjected to delay processing at the phasing adder 24 necessary for
determining reception directivity, following which addition processing is performed to form a plurality of ultrasound
beams for each raster, and quadrature phase detection processing is performed with regard to the ultrasound beam
data at the detection circuit 26 (the implementation up to this point configures the ultrasound transmission/reception
means according to the present invention), which is sent to the echo processor (EP) 27 or the flow processor (FP) 28
according to the imaging mode.
[0059] The echo processor (EP) 27 forms pictures of the intensity of ultrasound signals reflected at the body tissue
by envelope detection processing, and performs high-cut filtering and the like suitable for generating image data (B/
W tissue images) corresponding to the tissue structure. Here, the echo signals are subjected to various types of filtering,
logarithmic amplification, envelope detection processing, and so forth, and become data wherein the signal intensity
is represented as luminance.
[0060] On the other hand, the flow processor (FP) 28 performs signals processing necessary for forming pictures of
the movement of moving objects such as blood flow or the like, i.e., the intensity of ultrasound signals reflected on the
moving objects, by envelope detection processing, and parameters such as velocity, power, dispersion, and so forth
are calculated using intensity reflected on the moving objects by the color Doppler method, for example (the above EP
27 and FP 28 are the ultrasound information generating means in the present invention). Velocity information is also
obtained from the echo signals by frequency analysis, and the results of the analysis are sent to the digital scan con-
verter (DSC) 29.
[0061] The digital scan converter (DSC) 29 then generates a B/W tissue image from the data input from the echo
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processor (EP) 27 based on the geometric information from each ultrasound raster, and also generates a color blood
flow image from the data input from the flow processor (FP) 28, and weights and adds the both to generate display
image data. In addition, interpolation using commonly-known anti-aliasing is performed for data where aliasing occurs
such as in the blood flow velocity, thereby generating a two-dimensional image.
[0062] The image data sent to the digital scan converter (DSC) 29 is subjected to post-processing such as smoothing,
and then is subjected to scan conversion into a video format image data. This image data is further sent to the display
unit 38 in real-time. AT this time, necessary graphic data is superimposed and displayed on the display unit 38.
[0063] The image data before and after scan conversion is stored in the memory 39, and can be read out and reused
by the operator, i.e., displayed or the like. At this time, the images read out from the memory 39 can be viewed under
display control such as slow-motion playback, frame-by-frame playback, freeze-frame, and so forth.
[0064] Now, upon the operator making transition to the mode for three-dimensional display, a three-dimensional
image is displayed based on the image data stored in the memory 39 on the display unit 38.

(Three-dimensional display)

[0065] In order to perform three-dimensional image display, the volume generator 30 converts the input a plurality
of tomography images into volumes configured of equant voxels, based on the scan cross-section position information.
[0066] The smoothing filtering unit 31 performs smoothing on the three-dimensional volume generated by the volume
generator 30, so as to remove noise such as speckle noise or the like, and further, the face extraction filtering unit 33
performs low-cut filtering on the three-dimensional volume, so as to generate a three-dimensional volume wherein the
face component is enhanced.
[0067] The three-dimensional rendering engine 37 receives the voxel volume which the volume generator 30 has
generated and which has been subjected to smoothing and face extraction processing, and generates a three-dimen-
sional rendering image based on image generating parameters set in the CPU 17, including volume rendering, surface
rendering, rendering mode such as MPR, and so forth, as well as visual line direction, opacity, coloring method, and
so forth.
[0068] In this manner, various formats of images, such as image data or graphic data being transmitted, normal-
mode three-dimensional images commanded by the host CPU 17, images from the face extraction filtering unit 33 and
so forth, are input to the display unit 38 appropriately.
[0069] Thus, the display unit 38 displays a two-dimensional ultrasound image such as a B/W tissue image or color
blood flow image of a subject, or a three-dimensional rendering image, the MPR image thereof, and so forth, either
independently, or along with the two-dimensional ultrasound images, as necessary.
[0070] At this time, in the three-dimensional rendering image, face component or the outline of the three-dimensional
internal structures of parenchymatous organs, such as blood vessels or tumors or the like within the gall bladder or
liver for example, have been subjected to enhancement by the filtering at the face extraction filtering unit 33, so that
the shapes and the like of the blood vessels, cavities, and tumors, are clearly displayed.
[0071] In addition, an arrangement may be made for displaying the two-dimensional ultrasound image or the three-
dimensional rendering image, wherein graphic data and the like of information regarding various setting parameters
and so forth is generated by an unshown data generating unit, and the image is synthesized with the use of the memory
39 and the like, thereby outputting the synthesized image to the display unit 38.
[0072] The finalized image data thus generated is displayed on the display unit 38, and in the event that the "3D
mode" for displaying a three-dimensional image has been selected, the display unit 38 normally displays a three-
dimensional image of the liver for example, by volume rendering, and displays a face-enhanced image wherein the
internal structures within the liver for example, such as a tumor or the like, has been face-enhanced, by the user
selecting a certain display operating portion. Note that with the two-dimensional ultrasound image, a desired portion
or data is subjected to coloring thereupon if necessary.
[0073] An even more detailed configuration for performing face extraction filtering processing and the like with the
above configuration will be described below in detail.

(Features of the present invention: configuration for performing face extraction)

[0074] With the present embodiment, the following configuration is assumed to perform face extraction on three-
dimensional volume data. A case of performing face extraction processing on a voxel-shaped volume will be described
with the present embodiment.
[0075] As shown in FIG. 2, the ultrasound diagnosis apparatus according to the present embodiment comprises the
smoothing filtering unit 31 for removing speckle noise and the like from three-dimensional volume data generated at
the volume generator 30, and the face extraction filtering unit 33 for extracting or enhancing the outline of a tumor in
a liver or the like (the boundary between the surface of a tumor and a full portion in a liver) with regard to the three-
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dimensional volume data, and performing face extraction.
[0076] That is, with the present apparatus, smoothing is performed with a median filter in the smoothing filtering unit
31, following which the magnitude of the face component is detected by Sobel-type 3 by 3 high-pass filters 332a, 332b,
332c of the face extraction filtering unit 33. These are each executed in increments of volumes.
[0077] To define a few terms, the term "face extraction filtering unit" in the present embodiment corresponds to the
"characteristic quantity extraction means" according to the preset invention, the term "smoothing filtering unit" in the
present embodiment corresponds to the "smoothing means" according to the preset invention, the term "three-dimen-
sional rendering engine" in the present embodiment corresponds to the "three-dimensional image generating means"
according to the preset invention, and further, the "memory" in the present embodiment may comprise the "recording
means" according to the preset invention.

(Face extraction filter)

[0078] As shown in FIG. 2, the face extraction filtering unit 33 has functions of extracting the face components of
three-dimensional volume data, and is configured including an X-directional filtering unit 332a (first-direction filtering
means) for performing face extraction processing of the plane along the X direction by filtering the X direction (first
direction) on the three-dimensional X-Y-Z orthogonal coordinates system for example, a Y-directional filtering unit 332b
(second-direction filtering means) for performing face extraction processing of the plane following the Y direction by
filtering the Y direction (second direction), a Z-directional filter processing unit 332c (third-direction filtering means) for
performing face extraction processing of the plane along the Z direction by filtering the Z direction (third direction), and
a calculating unit 333 (computing means) for calculating the sum of squares of the output from the filtering results of
these directions each being processed, or calculating the square root of the sum of squares (or calculating vector
length).
[0079] The X-directional filtering unit 332a is formed of a high-pass filter (HPF, or a low-cut filter), such as a Sobel
filter or the like. The Y-directional filtering unit 332b and Z-directional filtering unit 332c are also formed of Sobel filters
or the like, as with the X-directional filtering unit 332a.
[0080] Following converting the collected ultrasound sampling volumes into voxel volumes with the digital scan con-
verter 29, face extraction filtering is performed with the face extraction filtering unit 33 having such a configuration,.
[0081] The face extraction filtering unit 33 is preferably configured of linear filters capable of disassembling voxel
volumes with respect to each dimension, so that filtering is performed with regard to each direction, and following the
filtering, the vector components are calculated based on the disassembled components.
[0082] The face components are the portions where the intensity value of the image suddenly changes, and of the
echoes reflected from the region of an parenchymatous organ, the portions corresponding to the face components
have high-frequency components, so that face components can be extracted by using a high-pass (enhancing) filter
or a band-pass filter having noise reduction functions for composing the face extraction filtering unit 33, thereby creating
an image with the face components enhanced. Note however, that various types of filters can be used for the filters.
[0083] Though the embodiments describe the usage of the filter, i.e., the way of face extraction and the way of its
use, is used, as being extraction of face components by filtering a B/W volume which is three-dimensional volume data
generated from the output of the echo processor 27, but the present invention is by no means restricted to this, and
the following can be carried out with each embodiment, as well.

1) To perform filtering for face extraction on only one of B/W volume data (three-dimensional distribution information
representing the tissue structure of the subject: three-dimensional volume data generated from the output of the
echo processor 27) and color volume (three-dimensional distribution information representing the properties of
moving objects in the subject: three-dimensional volume data generated from the output of the flow processor 28),
and rendering the extracted face information (component) and the volume regarding which extraction was not
performed, to generate image information for diagnosis.
2) To filter both the B/W volume data and color volume data to extract face information, and perform rendering to
obtain three-dimensional image information.
3) An arrangement also may be made wherein a filter for extracting face information from the B/W volume data
and a filter for extracting face information from color volumes are each weighted (or, filter coefficients may be
adjusted) and means for adjusting the weighting, i.e., means for changing filtering conditions, are provided, and
enabling the conditions of filtering to be changed by the means while actually viewing the image, thereby obtaining
an even better image.

[0084] In the case of 3), the states of 1) and 2) above can be created by arranging for the weighting coefficients to
be variable between 0 (no filter effects, i.e., through-pass) to 1 (state wherein filter is 100% effective). Performing
filtering by such face extraction filtering allows, for example, the boundary between the full portions and cavities in
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parenchymatous organs to be displayed with enhancement, thereby visualizing cavities and tube structures more clear-
ly. Examples of internal organs which would fall under this category include the liver (visualizing each of the hepatic
veins, portal vein, and aorta), the gall bladder, and so forth.
[0085] Now, with a three-dimensional filter such as in the present embodiment, two-dimensional filtering is performed
by dividing in each of the X, Y, and Z directions, such that filtering is performed by disassembling one-dimensionally
in steps, i.e., first, the X-direction is subjected to filtering, then the Y-direction is subjected to filtering, and further the
Z-direction is subjected to filtering. This allows three-dimensional filtering to be performed.
[0086] Regarding one direction, a Sobel filter has a 3 by 3 two-dimensional filter, for example, and with regard to the
number of samples (taps), in the event of disassembling into each direction a high-pass filter of 3 by 3 = 9 taps for
each direction is used to linearly filtering each of the three directions X, Y, and Z, thereby performing three-dimensional
filtering.
[0087] The output of the Sobel filter reflects the magnitude of the face component in the processing direction, and
the normal direction on the plane at the sample point of interest can be represented as a vector notation having as
components thereof the output of the three directions X, Y, and Z.
[0088] That is to say, in the event of using the 3 by 3 Sobel filters 332a, 332b, 332c independently in the X, Y, and
Z directions, the calculating unit 333 outputs the sum of squares of each output. Further, since the range of the output
values is great if left in this way, the output of the calculating unit 333 may be the square root of the sum of squares,
if necessary.
[0089] In this manner, image rendering by VR (volume rendering) can be performed on voxel format volumes which
are the output of face extraction filtering processing, with the three-dimensional rendering engine 37.
[0090] The configuration of the face extraction filtering unit 33 is not restricted to the case described above, and may
be configured of a three-dimensional filter capable of performing filtering on each of the three directions, front and
behind the sample of interest, left and right thereof, and above and below. That is, only the front and behind, left and
right, and above and below need to be viewed for detection of the presence of face components, in the simplest form,
a configuration may be employed which uses the surrounding six samples. In addition to the above, a configuration
may be employed which takes all 26 samples surrounding a particular sample of interest for computation, including
the samples in all diagonal directions. Increasing the number of samples thus stabilizes the face extraction processing.
Here, in the event that the face extraction filtering unit 33 is configured to disassemble voxel volumes with respect to
each of the X, Y, and Z directions, two-dimensional filtering is used for each, however, in the event of performing three-
dimensional computation with surrounding samples, a filter having a different configuration from that used for normal
two-dimensional filter is used.

(Sobel filter)

[0091] The face extraction filtering unit 33 performs processing for independently applying 3 by 3 two-dimensional
Sobel filters 332a, 332b, 332c to each of the X, Y, and Z directions, for example.
[0092] Now, assembling that f(I, j, k) represents a pixel values (luminance or intensity) on (I, j, k) coordinates in a
digital image, for example, the Sobel filters have a 3 by 3 filter gx3 (i, j, k) to be applied in the X direction, a 3 by 3 filter
gy3 (i, j, k) to be applied in the Y direction, and a 3 by 3 filter gz3 (i, j, k) to be applied in the Z direction, each generating
output defined by the following expressions.

[0093] As the square root of the sum of squares of each output is calculated at the calculating unit 333, so the output

gx3 (i, j, k) = f (i + 1, j + 1, k) + (+2) f (i + 1, j, k) + f(i + 1, j - 1, k) + (-1) f(i - 1, j + 1, k) + (-2)

f (i - 1, j, k) + f (i - 1, j - 1, k)

gy3 (i, j, k) = f (i + 1, j + 1, k) + (+2) f(i, j + 1, k) + f (i - 1, j + 1, k) + (-1) f (i + 1, j - 1, k) + (-2)

f(i, j - 1, k) + (-1) f(i - 1, j - 1, k)

gz3 (i, j, k) = f(i, j + 1, k + 1) + (+2) f(i, j, k + 1) + f (i, j - 1, k + 1) + (-1) f (i, j + 1, k - 1) + (-2)

f(i, j, k - 1) + (-1) f (i, j - 1, k - 1)
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F(i, j, k) thereof is

[0094] Where, f(i - 1, j - 1, k), f(i - 1, j, k), f(i - 1, j + 1, k), and so forth in the filter applied in the X-direction, are pixel
values of the eight samples (voxels) near the sample of interest (i, j, k). FIG. 3A illustrates the array of the eight samples
(voxels) in the image. The sample pixel value f(i, j, k) representing the voxel of the position (i, j, k) is generated from
the adjacent voxel value positioned on the previous line {f(i - 1, j - 1, k), f(i - 1, j, k), f(i - 1, j + 1, k)} and the adjacent
voxel value positioned on the same line {f(i, j - 1, k), f(i, j + 1, k)} and the adjacent voxel value positioned on the next
line {f (i + 1, j - 1, k), f (i + 1, j, k), f (i + 1, j + 1, k)}, according to the aforementioned expressions.
[0095] The same computation as performed in the X direction using the nearby eight voxels is performed for the Y
direction and the Z direction, as shown in FIGS. 3B and 3C. Note that filtering as referred to here means obtaining the
sum of the product of multivalue image data values and filter values, and storing the absolute value thereof as a value
obtained as the result of filtering.
[0096] Thus, values for the outline can be obtained from output having transmission in an arbitrary direction (hori-
zontal, vertical, or diagonal direction)

(Smoothing filter)

[0097] The smoothing filter processing unit 31 is for performing smoothing at portions where steep face components
appear in the original image, to prevent noise components contained in the input image from being recognized as face
components, and comprises a median filter 331 which performs three-dimensionally-configured filtering for nearby six
samples for example, in the X, Y, and Z directions, as shown in FIG. 2, for example.
[0098] The median filter 331 functions as a median filter for performing median extraction, which makes reference
to the ultrasound image, compares nearby image data values for each sample position, and updates the value of the
sample of interest so that the sample data of a middle value is set as the new value of a sample of interest, thereby
removing speckle noise and the like contained in the ultrasound image.
[0099] Description of one example with the present embodiment will be made for a case of substituting the value at
a sample of interest position with the median of the seven samples (seven taps) of the nearby six samples and itself.
[0100] For example, FIG. 4A illustrates a sample of interest surrounded by total of 26 nearby samples, and as shown
in FIG. 4B, with median filtering for the nearby six samples above and below (k direction) and left and right (i direction
and j direction) of the sample of interest f(i, j, k), which makes for a total of seven samples (seven taps) including the
pixel of interest itself, the following computation is performed for image data regarding which the median is extracted
for seven numerical data sets.
[0101] For example, with the numerical data for the image that has been provided to the sample f(i, j, k) is 150, the
numerical data provided to the sample f(i, j - 1, k) is 14, the numerical data provided to the sample f(i, j + 1, k) is 15,
the numerical data provided to the sample f(i + 1, j, k) is 15, the numerical data provided to the sample f(i - 1, j, k) is
15, the numerical data provided to the sample f(i, j, k + 1) is 16, and the numerical data provided to the sample f(i, j, k
- 1) is 16, almost all samples have numerical data between 14 and 16, but f(i, j, k) has numerical data of 150, which is
not close to the values of the surrounding data, so it can be understood that this is noise.
[0102] In the event of correcting the value of f(i, j, k) using the median filter 331, the data of the sample f(i, j, k) and
the surrounding nearby six samples, making a total of seven sets of data, are scrutinized. Arranging these in ascending
order of size, the numerical values are 14, 15, 15, 15, 16, 16, and 150. Among them, the fourth value, i.e., the value
positioned at the center of the data is called the median, and in this event is 15. Accordingly, this median 15 is used
as the data for the sample f(i, j, k). Image processing carried out by applying the above operations to all samples is
called median filtering in the present embodiment. Applying the median filter 331 to the image information removes
the noise in this way.
[0103] In this manner, the median filter 331 performs the processing of reading in the sample of interest and the
surrounding nearby six samples for a total of seven sets of numerical value data, which are arranged in ascending or
descending order of size, and the median is extracted, thereby executing filtering from the first sample in the image
data volume, and applying this to the entire image space, thus performing smoothing the image. In other words, as
shown in FIG. 5, the numerical value data of the sample is read in (step S101), and sorted in ascending order of size
of numerical value data (S102), from which the median is extracted (S103). The numerical value data of the sample
of interest is set to the median value (S104).
[0104] Using the median filter allows excellent images to be obtained as compared with methods which average with
the surrounding data for example, from the viewpoint of degree of noise removal and preservation of image outline

F(i, j, k) = (gx3 (i, j, k) 3 gx3 (i, j, k) + gy3 (i, j, k) 3 gy3 (i, j, k) + gz3 (i, j, k) 3 gz3 (i, j, k))1/2.
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and so forth, so that noise and isolated points can be removed without blurring the object.
[0105] As for the configuration of the median filter 331, a configuration may be used wherein the value is substituted
with the median of the sample of interest itself and the nearby 26 samples making to a total of 27 samples. In this case
as will, the above processing is performed for all sample positions within the volume. In the event that no nearby sample
exists at the face of the volume, this is substituted with the value of the sample position of interest. Or, a configuration
may be performed wherein the computation itself is not executed, and the sample value is used as the output value
as it is.
[0106] In this manner, reduction of noise and the like can be effected by introducing the smoothing filtering unit 31
in addition to the face extraction filtering unit 33.

(Processing procedure)

[0107] The configuration of the ultrasound diagnosis apparatus 1 according to the present embodiment is as de-
scribed above, and operates as described below.
[0108] Generally, the ultrasound probe 12 is operated manually or mechanically for scanning, to collect a three-
dimensional volume.
[0109] FIG. 6A explains a scan technique by which a section to be scanned is shifted along a perpendicular direction
to the section during its scanning operation. Meanwhile, FIG. 6B explains another scan technique used in such a
manner that a section to be scanned is shifted to rotate about its central axis during its scanning operation.
[0110] The host CPU 17 determines the ultrasound scanning mode and the display mode in compliance with input
from the operating unit 18, and sets parameters necessary for the units such as the real-time controller (RTC) 16 before
scanning. Upon finishing setting of the necessary parameters, a scan start command is issued to the real-time controller
(RTC) 16.
[0111] The real-time controller (RTC) 16 transmits high-voltage pulse generation timing signals and delay control
data, necessary for irradiation from the ultrasound probe 12, to the transmission unit 14. Based on the signal and
control data, the transmission unit 14 applies high-voltage pulse signals to the ultrasound probe 12, so that ultrasound
signals are irradiated into the body. The reflected waves from the organs within the body are subjected to noise removal
and amplitude amplification at the reception unit 22, converted into digital data at unshown A/D converter, and subjected
to phasing addition processing at the phasing adder 24, thereby generating ultrasound beam data. The detection circuit
26 performs quadrature phase detection processing as to the ultrasound beam data, so as to convert then into a
complex format sample having phase information.
[0112] The output from the detection circuit 26 is shunted to either the echo processor (EP) 27 or the flow processor
(FP) 28, depending on the image display mode. The echo processor (EP) 27 performs envelope detection and performs
processing for forming pictures of reflection wave intensities from the tissue. On the other hand, the flow processor
(FP) 28 extracts Doppler signals using autocorrelation functions, and computes the velocity of the blood flow and the
like, and the dispersion, the power, and so forth, thereof. Note that these ultrasound samples may be referred to as
"ultrasound vector data" to facilitate description.
[0113] The ultrasound vector data is then converted into voxel-format volume data in the orthogonal X-Y-Z axes at
the digital scan converter (DSC) 29 and the volume generator 30.
[0114] The smoothing filtering unit 31 performs smoothing on the voxel-format volume data, using various types of
filters such as a median filter using nearby six samples or a median filter using nearby 26 samples or the like.
[0115] Subsequently, the face extraction filtering unit 33 performs two-dimensional filtering on the voxel volume data
formed of voxels (samples) with a Sobel filter or the like in the X direction, two-dimensional filtering with a Sobel filter
or the like in the Y direction, and two-dimensional filtering with a Sobel filter or the like in the Z direction, and calculates
the square root of the sum of squares of each of the output results, thereby performing filtering of the sample of the
region of interest.
[0116] Then, at the three-dimensional rendering engine 37, the voxel volume is subjected to volume rendering, and
a three-dimensional rendering image which has been smoothed and rid of speckle noise, wherein the internal structures
can be seen by face extraction, is displayed on the display unit 38 such as a CRT or the like.
[0117] Thus, with the present embodiment, for example, the liver U1 may be displayed on the display unit according
to a normal mode as shown in FIG. 7A, the internal structure U2 of the liver U1 can be clearly displayed as shown in
FIG. 7B by changing a mode to an internal structure observing mode.
[0118] With regard to the display format of the three-dimensional image displayed on the display unit 38, in addition
to the first three-dimensional image displaying the internal structures of parenchymatous organs, such as the cavital
structures within the liver for example, as described above, face enhancement filtering may be applied to the image
obtained by the color Doppler method.
[0119] That is, displaying an image wherein a face enhancement filter has been applied to a three-dimensional blood
vessel image which is made possible to be displayed, with the flow processor 28, enables a display to be made wherein



EP 1 416 443 A1

5

10

15

20

25

30

35

40

45

50

55

14

the organ can be seen through, and a blood vessel image can be viewed therein.
[0120] Similarly, as for locations where there is no blood flow such as with the liver, the gall bladder or the like, using
the color Doppler method does not bring out a blood vessel image, however, a blood vessel image can be displayed
even for places with no blood flow, by performing face enhancing (face component extraction) filtering processing as
with the present embodiment. Also, data corresponding to blood vessels may be displayed in a superimposed manner.
[0121] According to the present invention as described above, the blood vessels and cavitary structures within an
parenchymatous organ can be comprehended in a more three-dimensional manner, without performing volume oper-
ations such as clipping, with a face extraction filter. Further, removal of speckle noise and the like can be performed
by a smoothing filter.

Second Embodiment

[0122] Next, a second embodiment according to the present invention will be described with reference to FIG. 8. In
the following, the configurations which are essentially the same as those in the first embodiment will be omitted from
the description. The components which have generally the same functions and configurations will be denoted with the
same reference numerals as in the first embodiment, and redundant description thereof will be omitted unless neces-
sary, so basically only the differing parts will be described. FIG. 8 is a functional block diagram illustrating an example
of a configuration of the ultrasound diagnosis apparatus according to the present embodiment.
[0123] With the first embodiment, the smoothing filter was configured as a three-dimensional filter using a predeter-
mined number of surrounding samples, in the meantime, with the present embodiment, the smoothing filter is disas-
sembled into the X, Y, and Z directions, respectively, and processing is carried out by two-dimensional filters.
[0124] Specifically, the smoothing filtering unit 31A according to the present embodiment comprises a median filter
334a which performs filtering on an (x, y) plane, a median filter 334b which performs filtering on a (y, z) plane, and a
median filter 334c which performs filtering on a (z, x) plane, as shown in FIG. 8.
[0125] On the other hand, the smoothing filtering unit 33A has Sobel filters 335a, 335b, 335c, and a vector length
calculating unit 336, the same arrangement as in the first embodiment.
[0126] In this case, the processing is divided and performed two-dimensionally, with the median of 3 by 3 samples
on the x-y plane including the sample of interest being calculated by the median filter 334a, the median of 3 by 3
samples on the y-z plane calculated by the median filter 334b, and the median of 3 by 3 samples on the z-x plane
calculated by the median filter 334c.
[0127] Subsequently, the output of each median filter 334a, 334b, and 334c, is subjected to processing in mutually
independent directions by the Sobel filters 335a, 335b, and 335c, which process the same planes respectively, thereby
extracting face components. Calculation of the vector length at the calculating unit 336 is the same as with the above-
described processing.
[0128] According to the present embodiment thus described, processing by smoothing filters is performed for each
direction, so in the event that a two-dimensional array probe is used, noise removal capabilities are improved by per-
forming three-dimensional filtering in the X, Y, and Z directions since speckle noise and the like occurs differently
according to the direction, thereby improving image quality.
[0129] Besides, at the time of performing processing using Sobel filters, 3 by 3 samples are loaded to the computing
device, so that the processing can be simplified by parallel processing by median filters.

(Modification of face extraction filtering processing unit)

[0130] While arrangements have been described in the first and second embodiments regarding an example of the
face extraction filtering unit 33, 33A wherein Sobel filters are used for the direction X, Y, and Z, an arrangement maybe
made wherein the sum of absolute differences with the surrounding six samples of the sample (voxel) of interest is
taken. Further, the weighted average using the distance from the sample (voxel) of interest may be taken. Specific
examples are as follow.
[0131] For example, detection of the portion where the intensity value of the image suddenly changes may be per-
formed with primary or secondary differential Laplacian filters, spatial derivative filters, Volsen filter, Robert filter, Range
filter, or the like. At this time, whether to disassemble in each direction and use as a combination, or whether to not
disassemble in each direction and use a three-dimensional configuration, is optional. Also, in the event that disassem-
bling in each direction, different types of filters may be used in each direction. Further, the configuration may involve
filters is a particular disassembled direction being applied multiple times.

(Modification of smoothing filtering unit)

[0132] Note that the three-dimensional processing of the smoothing filter may be such that is only in one direction.
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[0133] Processing techniques by the smoothing filtering unit include a simple average processing method wherein
the average of values of samples within a predetermined region around the sample is obtained, and this average value
is set to the value of the center sample, a method using median filter wherein the median of the values of the prede-
termined region is set to the center pixel value, a method using a face-saving filter (V filter) wherein the above prede-
termined region is divided into further smaller regions and the dispersion per small region is obtained so as to set the
average value of the small region of the smallest dispersion to the center pixel value, and a method wherein image
signals are subjected to Fourier transform, and following removal of high spatial frequency components corresponding
to the noise components, inverse Fourier transform is performed, and so forth can be employed.
[0134] In addition, a moving average filter taking the average intensity of values of the near samples may be used.
Further, a filter having the nature of a high-cut filter (a low-pass filter) is sufficient for smoothing, so depending on
properties, a Butterworth filter, Chebyshev or elliptic filter, or a Gaussian filter may be used.

Third Embodiment

[0135] Next, a third embodiment according to the present invention will be described with reference to FIG. 9. In the
following, the configurations which are essentially the same as those in the previous embodiments will be omitted from
the description. The components which have generally the same functions and configurations will be denoted with the
same reference numerals as in the previous embodiments, and redundant description thereof will be omitted unless
necessary, so basically only the differing parts will be described. FIG. 9 is a functional block diagram illustrating an
example of a configuration of the ultrasound diagnosis apparatus according to the present embodiment.
[0136] While the previous embodiments disclosed a configuration wherein face extraction filtering is performed on
voxel volumes, the present embodiment discloses a configuration for performing face extraction filtering on radially-
extending volume data.

(Configuration of ultrasound diagnosis apparatus)

[0137] FIG. 9 illustrates a block diagram of the configuration of the ultrasound diagnosis apparatus according to the
present embodiment. As shown in FIG. 9, the ultrasound diagnosis apparatus 100 according to the present embodiment
comprises a ultrasound probe 12, a transmission unit 14, a real-time controller (RTC) 16, a host CPU 17, a operating
unit 18 which makes up a user interface, a reception unit 22, a phasing adder 24, a detection circuit 26 which is a
detection unit, an echo processor (EP) 27, a flow processor (FP) 28, a smoothing filtering unit 31, a face extraction
filtering unit 33, a slice processing unit 32, a shading vector computation unit 34, a slice rendering unit 36, and a display
unit 38 such as a CRT or the like. Note that reference numeral 102 denotes the configuration of the image processing
apparatus.
[0138] The ultrasound probe 12 is a two-dimensional ultrasound array probe wherein piezoelectric transducers are
disposed in a matrix shape, so as to collect volume data in a radially-expanding shape from the surface of the probe,
by ultrasound scanning. Volume data in a similar shape may obtained by swinging a sector probe. The spatial position
of the collected ultrasound samples are represented using collection coordinates corresponding to the scan shape of
the ultrasound scan. Since a method using polar coordinate having three parameters of R, θ, and ψ as collection
coordinates is most suitable with the embodiment,, the following description will be made with regard to using polar
coordinates.
[0139] FIG. 10A illustrates the geometric shape of a volume collected using the ultrasound probe 12. Point O is the
center of the surface of the ultrasound probe 12, and a line perpendicular to the probe surface at point O is defined as
the Y axis. Also, the X axis and Z axis mutually perpendicular and perpendicular to the Y axis are set as shown in FIG.
10A. Since the entire ultrasound beam is formed radially from the point O, so the ultrasound sample data making up
the ultrasound beam is most suitably represented by polar coordinates. Accordingly, the distance from the point O to
an ultrasound sample is defined as R, and as shown in FIGS. 10B and 10C, the angle between the projected ultrasound
beam obtained by projecting the ultrasound beam on the X-Y plane and the Y axis is defined as θ, and similarly the
angle between the projected ultrasound beam obtained by projecting the ultrasound beam on the Z-Y plane and the
Z axis is defined as ψ. Consequently, the relation between the polar coordinates and the orthogonal coordinates in this
case is as follows.
[0140] Conversion from orthogonal coordinates system to polar coordinates system:

R = (x2 + y2 + Z2)υ

θ = tan-1 (x/y)
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[0141] Conversion from polar coordinates system to orthogonal coordinates system:

where, 3 indicates multiplication.
[0142] In FIG. 9, the real-time controller (RTC) 16 performs timing control for transmission and reception of ultrasound
signals, based on the scan control parameters. The scan control parameters used there are those which the host CPU
17 has obtained based on input by the user via the operating unit 18. Though not shown in the drawings, the real-time
controller 16 internally has a timer and sequence circuit or program therein, in compliance with the scan control pa-
rameters set by the host CPU 17, to operate the timer based on information such as a ultrasound collection modes
such as B/W or color Doppler scanning, and an ultrasound data collection repetition cycle, thereby generating ultra-
sound transmission reference timing signals cyclically generated based on the output of the timer.
[0143] The beam address indicating the position within the volume of the ultrasound data collected is determined by
the angles θ (row) and ψ (column) to a direction perpendicular to the probe surface of the ultrasound probe 12 and in
mutually orthogonal directions. In other words, the ultrasound beam can be represented as [row beam address, column
beam address] in the two-dimensional disposition format.
[0144] The real-time controller (RTC) 16 generates, in addition to the beam address, information necessary for
processing, such as beam type for identifying whether the ultrasound beam is B/W data or color Doppler data, data
collection distance, as header information. The generated header information is added to the data at the later-described
reception unit 22, and is transmitted to the units for performing the subsequent processing along with the data.
[0145] The smoothing filtering unit 31C then performs smoothing on the ultrasound volume data from the flow proc-
essor (FP) 28 or the echo processor (EP) 27, and further, the data subjected to smoothing by the smoothing filtering
unit 31C is subjected to face extraction (face component enhancing) processing. Thus, following subjecting the ultra-
sound volume data to smoothing and face extraction processing, a three-dimensional image is generated at the slice
processing unit 32, shading vector computation unit 34, slice rendering unit 36, and so forth.
[0146] The host CPU 17 successively judges the operation inputs successively made by the user via the operating
unit 18 as to the three-dimensional images, such as rotation operations for the volume, and performs controls regarding
display of the three-dimensional image by setting necessary parameters to the later-described slice processing unit
32, shading vector computation unit 34, and slice rendering unit 36.

(Slice processing unit)

[0147] Though not shown in FIG. 9, the slice processing unit 32 has memories and a control circuit for rearranging
the ultrasound sample data input from the echo processor (EP) 27 or the flow processor (FP) 28, and performs rear-
ranging processing of the ultrasound sample data based on the slice configuration information set by the host CPU
17, thereby outputting a data group configured of all ultrasound sample data on a slice face (hereafter referred to as
"ultrasound slice data").
[0148] Note that as shown in FIG. 19, a slice face is restricted to one of the following: with the same distance R from
the point O, with the same deviation angle θ, or with the same deviation angle ψ; and forms a plane or a spherical surface.
[0149] FIG. 19A illustrates the R-ψ slice face with the same θ, FIG. 19B illustrates the R-θ slice face with the same
ψ, and FIG. 19C illustrates the θ-ψ slice face with the same R. The axis among the X axis, Y axis, and Z axis which is
the closest to parallel with the visual line direction vector is obtained, and in the event that the X axis is the closest to
parallel, the R-θ slice face is taken, in the event that the Y axis is the closest to parallel, the ψ-θ slice face is taken,
and in the event that the Z axis is the closest to parallel, the R-θ slice face is taken.
[0150] As shown in FIG. 11, the specific configuration of the slice processing unit 32 comprises FIFO (First-in First-
out) memory 320 and 328, a memory controller 321, a sub-system controller 322, a CPU interface 323, a first memory
324, a second memory 325, a third memory 326, and a fourth memory 327.
[0151] The memory controller 321 performs control so as to divide the memory cycle into the two cycles of reading

ψ = tan-1 (z/y)

x = R 3 tanθ 3 {1/ (1 + tan2θ + tan2ψ) }1/2

y = R/(1 + tan2θ + tan2ψ) }1/2

z = R 3 tanψ 3 {1/(1 + tan2θ + tan2ψ) } 1/2
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and writing which are executed alternately, in order to simultaneously perform writing and reading of data to and from
the first memory 324 through the fourth memory 327.
[0152] The ultrasound sample data input from the echo processor (EP) 27 or the flow processor (FP) 28 is temporarily
stored in the FIFO memory 320. The memory controller 321 deciphers the beam position information within the header
information attached to the ultrasound sample data, and writes data corresponding to the row/column beam address
to the first memory 324 through the fourth memory 327. The first memory 324 through the fourth memory 327 form a
grid within a logical three-dimensional memory space, and are configured so as to store two sets of ultrasound volume
data corresponding to (R, θ, ψ) in order to raise the speed of processing by simultaneously writing and reading.
[0153] Note that the first memory 324 and the second memory 325 store data corresponding to even beam addresses
and data corresponding to odd beam addresses of first volume data respectively, and the third memory 326 and the
fourth memory 327 store ultrasound sample data corresponding to even beam addresses and ultrasound sample data
corresponding to odd beam addresses of second volume data respectively.
[0154] The sub-system controller 322 reads out the data from the first memory 324 through the fourth memory 327
based on the read control parameters set by the host CPU 17 via the CPU interface 323.
[0155] Data reading is performed so as to configure ultrasound slice data of a slice face parallel to one of the R-θ
slice face (the face parallel to the R axis and the θ axis), the θ-ψ slice face (the face parallel to the θ axis and the ψ
axis), and the ψ-R slice face (the face parallel to the ψ axis and the R axis). In the event of configuring the R-θ slice
face, first, data is read out from the face portion of the ultrasound volume data in the R direction.
[0156] After reading out one beam worth of data, the row addresses are read out with priority, and the column address
is changed at the point that the row address reaches the face portion of the ultrasound volume data. In the event of
configuring the R-ψ slice face, the column addresses are read out with priority instead, and the row address is changed
at the point that the column address reaches the face portion of the ultrasound volume data. In the event of configuring
the θ-ψ slice face, R has the lowest priority for reading, so the row/column addresses are sequentially changed, and
the R-direction address is changed at the point that one slice worth of data has been read out.
[0157] The data read out according to the above method comprises a slice face according to one of R-θ, θ-ψ, ψ-θ,
and is sequentially transmitted to the subsequent unit with the timing being adjusted at the FIFO memory 328.

(Shading vector computation unit)

[0158] The shading vector computation unit 34 obtains three-dimensional normal vectors necessary for shading, by
computing the gradient of intensity values which each ultrasound sample data has, based on the ultrasound slice data
output by the slice processing unit 32.
[0159] FIGS. 12A through 12C are conceptual diagrams for describing the conversion processing by the shading
vector computation unit 34 for converting normal vectors on a polar coordinates system into those on an orthogonal
coordinates system. FIG. 12A illustrates ultrasound slice data on polar coordinates that are input to the shading vector
computation unit 34, with a blood vessel running linearly on the R-θ slice face, and with an intensity gradient as to the
adjacent tissue (the arrows in the drawing) present. FIG. 12B illustrates the ultrasound slice data on an orthogonal
coordinates system that has been represented on the polar coordinates system shown in FIG. 12A, with a blood vessel
running concentrically at a equal distance from the start point of the ultrasound beam, and with an intensity gradient
as to the adjacent tissue present. FIG. 12C is a conceptual diagram of the output data of the shading vector computation
unit 34, with the shading vector computation unit 34 outputting normal vectors on the orthogonal coordinates corre-
sponding to each point on the slice face represented on the polar coordinates system of R, θ, and ψ (hereafter referred
to as normal vector slice data).
[0160] Since the ultrasound sample data input to the shading vector computation unit 34 is positioned on the polar
coordinates (R, θ, ψ), the concentric blood vessel is represented as a straight line on the polar coordinates system as
shown in FIG. 12A. Consequently, the intensity gradients on the polar coordinates system all face the same R direction,
and are represented as mutually parallel vectors. That is, the obtained normal vectors are all in the same direction on
the polar coordinates system. On the other hand, the logical image generation space where three-dimensional images
are generated is an orthogonal coordinates system (X, Y, Z), so the blood vessel should be displayed as a curve having
a certain curvature, with the intensity gradient oriented toward the start point of the ultrasound beam, as shown in FIG
12B.
[0161] Accordingly, the shading vector computation unit 34 computes the normal vectors according to expressed by
orthogonal coordinates as follows. First, the necessary ultrasound sample data is stored in the memory. Next, the
necessary ultrasound sample data is read out from the memory, thereby yielding the gradient of intensity values by
difference. Finally, the normal vectors at the points where the gradient has been calculated, expressed by polar coor-
dinates system, are converted into normal vectors expressed by orthogonal coordinates system. For the calculation
of the reflected light ray amount toward the visual line direction in the three-dimensional rendering image generation,
normalization processing is performed wherein the length of the normal vector is set to 1 after coordinates conversion,
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since computation is facilitate by having the normal vectors normalized.
[0162] Further, weighted addition processing with nearby normal vectors may be performed in order to make the
normal vectors less susceptible to noise called speckles, commonly known in image forming techniques using ultra-
sound.
[0163] The orthogonal-coordinates normal vectors are computed from the ultrasound sample data making up the
slices sequentially input from the slice processing unit 32, and accordingly make up normal vector slice data making
up the same slices as the input. Also, the normal vector slice data is displaced in the three-dimensional space, and a
set of the normal vectors corresponding to one volume is referred to as a normal vector volume.
[0164] The following is the detailed configuration of the shading vector computation unit 34.
[0165] As shown in FIG. 13, the shading vector computation unit 34 comprises FIFO memory 340 and 345 functioning
to buffer data exchange at the time of writing and reading data, memory A1, A2, A3, B1, B2, and B3 for holding samples
nearby a sample of interest, a memory controller 341 for controlling each of the memory, a computing device 342 for
calculating the normal vectors of the face detected by the intensity gradient, a polar coordinates address generator
343 for calculating the polar coordinates position of the ultrasound sample data of interest corresponding to the address,
and a coordinates converter 344 for performing conversion of the normal vectors represented by polar coordinates
into normal vectors represented by orthogonal coordinates, as well as performing normalization of the normal vectors.
[0166] The shading vector computation unit 34 performs normal vector computation processing necessary for shad-
ing, based on the ultrasound sample data input from the echo processor (EP) 27 or the flow processor (FP) 28.

(Input of ultrasound beam data)

[0167] First, the input ultrasound beam data is temporarily stored in the FIFO memory 340, and is written to one of
the memory A1, A2, A3, B1, B2, and B3 under the predetermined control of the memory controller 341. The memory
A1, A2, and A3 (memory A group) and B1, B2, and B3 (memory B group) are configured such that while one is per-
forming writing processing, the other is performing reading processing, and the memory controller 341 controls such
that the reading and writing switch each time collecting of a volume is completed.
[0168] Now, it is assumed that the memory A group is set to the write side. AT this time, the memory controller 341
obtains beam position information for determining the ultrasound beam position contained in the header information
attached to the sample data, and outputs the write address and write control signals according to the beam number
to one of the memory A1, A2, and A3. Which of the memory A1, A2, or A3 to write to is determined using the row beam
address of the beam addresses.
[0169] As described above, the input ultrasound sample data is distinguished by the beam number represented by
the column and row corresponding to the position in the three-dimensional volume. The memory to which writing is
performed is sequentially switched, using the values of the row and column addresses which the input ultrasound
sample data has.
[0170] Now, it is assumed that the ultrasound sample data for one ultrasound beam is configured of 1024 samples.
In this case, the memory is selected according to the row address, and the offset within the selected memory is deter-
mined according to the column address. Adding the number of ultrasound sample data that have been written to the
offset sequentially determines the final memory placement position for the sample. Thus, the input ultrasound sample
data is placed in dispersed memory.
[0171] Thus, at the point that all of the ultrasound volume data has been collected and writing of the ultrasound vector
data set to the memory A group has been completed, the reading/writing settings of the memory is switched by the
memory controller, so that the memory B group is set to writing, and the memory A group to reading. For the subse-
quently-collected ultrasound volume data, the same processing is performed except that memory B1 is used instead
of memory A1, memory B2 instead of memory A2, and memory B3 instead of memory A3.

(Read control of the memory controller)

[0172] Shading consists of taking a boundary face which a intensity gradient creates between the ultrasound sample
data of interest and nearby ultrasound sample data as a face having an object of display, and calculating the reflected
components of reflected light from the light source, thereby adding shading to the three-dimensional image. In order
to obtain the intensity gradient, the ultrasound sample data nearby the ultrasound sample data of interest is necessary.
Here, a method for obtaining the intensity gradient using 3 3 3 3 3 = 27 samples including the ultrasound sample data
of interest itself is used. With the method for reading out 27 samples per ultrasound sample data of interest, 27 times
the amount of data reading as compared to data writing is necessary, so sequentially processing the nearby ultrasound
sample data allows the ultrasound sample data that has been read out to be reused, thereby enabling the amount of
memory reading to be reduced.
[0173] The memory controller 341 is arranged so as to be capable of controlling each memory at the same time, so
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that the nearby ultrasound sample data can be simultaneously read out from the memory A1, A2, and A3. For example,
in the event of processing the ultrasound sample data with a row beam address of 10, the ultrasound sample data with
row beam addresses of 9, 10, and 11 are simultaneously read out from the memory A1, A2, and A3.
[0174] The column address increased in increments of one at a time, so as to read out the data for the column beam
address of interest and the one slice of data before and after. The necessary ultrasound sample data is sequentially
read out in this manner, thereby obtaining the ultrasound sample data of interest and the nearby ultrasound sample
data. The ultrasound sample data that has been read out is subjected to obtaining of difference of gradient of the
intensity values of the ultrasound sample data at the computing device 342, thereby yielding normal vectors.
[0175] The coordinates converter 344 performs conversion of the normal vectors represented by polar coordinates
output from the computing device 342 into normal vectors represented by orthogonal coordinates, as well as performing
normalization of the normal vectors, which are output through the FIFO memory 345.
[0176] Thus, the difference between the intensity of the sample of interest at the center and the intensity of the
samples surrounding the sample of interest is obtained, and in the event that the difference in intensity is great, a plane
is viewed as existing at the center, and the direction which the plane is facing is represented by normal vectors. In the
event that the intensity difference is great, normal vectors with large values are created, and in the event that the
difference in the intensity is small, normal vectors with small values are created.
[0177] In order to see the angle as to the light source, the normal vectors are normalized to a normal vector length
of 1, and shading processing corresponding to the direction of light is performed based on the angle between the
normalized normal vectors and the light source vector from the light source.
[0178] Since the normal vectors before shading (normalization) change in size according to difference of the intensity,
in the event that the difference in the intensity is great, normal vectors with large values are formed, and in the event
that the difference in the intensity is small, normal vectors with small values are formed.

(Slice rendering unit)

[0179] To the slice rendering unit 36, ultrasound slice data is input from the slice processing unit 32, and normal
vector slice data is input from the shading vector computation unit 34, and both are used to generate a three-dimensional
volume rendering image.
[0180] As shown in FIG. 14, the slice rendering unit 36 is made up of a memory sub-system 36-1 and an SBC (single
board computer) system 36-2, with both connected via a bus 3611 attached to the SBC system.
[0181] The memory sub-system 36-1 is configured of FIFO memory 360, slice memory 361 and 362, and a DMA
(direct memory access) controller 363. The DMA controller 363 performs data transmission control within the memory
sub-system 36-1. first, the DAM controller 363 performs temporary recording of the ultrasound slice data and the normal
vector slice data input from the slice processing unit 32 or the shading vector computation unit 34, using the FIFO
memory 360.
[0182] Next, the data recorded in the FIFO memory 360 is read out from the FIFO memory 360, and is recorded in
the slice memory 361 which is made up of DRAM capable of recording a plurality of sets of slice memory. Upon recording
data for the necessary slices, the data is read out from the slice memory 361, and is sent to the SBC system 36-2. The
slice memory 361 and 362 assume a so-called double-buffer configuration, and while the slice memory 361 is trans-
mitting the data to the main memory 369, and slice memory 362 records new data from the slice processing unit 32
and the shading vector computation unit 34.
[0183] The SBC system 36-2 comprises an MPU 368, system controller 366, main memory 369, a graphic controller
365, frame memory 364, a CPU interface 3610, and a bus 3611. The data sent from the memory sub-system 36-1 is
sent to the data region of the main memory 369 via the bus 3611 and the system controller 366. The MPU 368 performs
processing following the program stored in the program region separately provided within the main memory 369. The
MPU 368 generates a three-dimensional image by cooperative action with the graphic controller 365 and temporarily
stores the image into the frame memory 364. The graphic controller 365 reads out the three-dimensional image data
based on the stipulated display timing signals, and transmits the data to the display unit 38.
[0184] The display unit 38 is configured of a CRT or LCD, and displays the three-dimensional image data generated
at the slice rendering unit 36.

(Face extraction processing with present embodiment)

[0185] With normal image processing, the volume data is in the form of voxels, i.e., X-Y-Z orthogonal coordinates
system data, while with ultrasound diagnosis devices, particularly with image processing using two-dimensional array
probes, the volume data is in the form of a conical beam expanding in a radial fashion from a certain point, so data
enters radially from the certain point. At this time, temporarily converting into voxels requires a time delay until display-
ing, so a technique wherein rendering is performed directly, is preferable. Accordingly, in such a case, the data is not
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temporality converted into orthogonal coordinates system data, rather, face extraction processing is performed in the
R, θ, and ψ polar coordinates system.
[0186] Specifically, first filtering processing is performed with regard to the input data on the R, θ, and ψ polar coor-
dinates system, using a smoothing filter. Next, second filtering processing is performed with a face extracting filter,
with the image data that has been processed being overlaid one at a time using slices, and used in a combined manner.
[0187] At the face extraction filtering unit 33C at this time, filtering is performed by disassembling in each of the R,
θ, and ψ directions, such that filtering is performed one-dimensionally in steps, i.e., for example, the R-direction is
subjected to filtering, then the θ-direction is subjected to filtering, and further the ψ-direction is subjected to filtering.
This allows three-dimensional filtering to be performed.

(Flow of collection of ultrasound volume data and image generating processing)

[0188] FIGS. 15A through 15C represent the concepts of the ultrasound volume data and the image generating
processing of the ultrasound diagnosis apparatus 100 according to this embodiment.
[0189] FIGS. 15A through 15C describe a case wherein the visual line direction is the ψ-axial direction, with an
ultrasound slice data group being generated from the obtained ultrasound volume data, and the ultrasound slice data
being geometrically converted and superimposed by rendering processing, so as to generate a display image. FIGS.
16A through 16C describe a case wherein the visual line direction is the R-axial direction, with an ultrasound slice data
group being generated from above the ultrasound volume data, and the ultrasound slice data being geometrically
converted and superimposed by rendering processing, so as to generate a display image.
[0190] FIG. 17 is a flowchart conceptually illustrating the procedures for ultrasound volume collection and image
generation with the ultrasound diagnosis apparatus 10 according to this embodiment.
[0191] First, as shown in FIG. 17, initial settings are made of each corresponding unit by control information set by
the host CPU 17 beforehand, such as ultrasound volume collection conditions, display image size, visual line direction,
geometric information, and so forth (step S1).
[0192] The initial settings may be made by a configuration wherein the setting are made automatically following
turning on the electric power source, or wherein the user manually makes the settings via the operating unit 18.
[0193] Next, under the control of the real-time controller (RTC) 16, scanning of the ultrasound volume radially ex-
panding from the surface of the ultrasound probe 12 is executed, and the volume data collected by the scan is subjected
to the above-described processing at the reception unit 22, the phasing adder 24, the detection circuit 26, the echo
processor (EP) 27, and the flow processor (FP) 28 (step S2).
[0194] Next, the smoothing filtering unit 31C performs smoothing processing using median filters or the like with
regard to the ultrasound volume data output from the echo processor (EP) 27 and the flow processor (FP) (step S21).
[0195] Further, the face extraction filtering unit 33C performs face extraction processing with regard to the ultrasound
volume data (step S22). At this time, the face extraction filtering unit 33C performs filtering one-dimensionally in steps
upon disassembling, i.e., for example, the R-direction is subjected to filtering, then the θ-direction is subjected to fil-
tering, and further the ψ-direction is subjected to filtering. This allows three-dimensional filtering processing to be per-
formed.
[0196] The slice processing unit 32 takes the ultrasound volume data output from the echo processor (EP) 27 and
the flow processor (FP) 28 and subjected to filtering such as smoothing and face extraction, and divides the ultrasound
volume data into a plurality of ultrasound slice data groups parallel to one of the R-ψ slice face, the R-θ slice face, or
the θ-ψ slice face, then outputs (step S3). The details of step S3 will be described later.
[0197] Next, the shading vector computation unit 34 computes the gradient of intensity values which each ultrasound
sample data set has based on the ultrasound slice data group output from the slice processing unit 32, and obtains
three-dimensional normal vectors necessary for shading, which are output as normal vector slice data (step S4).
[0198] The slice rendering unit 36 performs polygon processing using texture mapping to generate a three-dimen-
sional image, based on the ultrasound slice data output by the slice processing unit 32 and the normal vector slice
data output by the shading vector computation unit 34 (steps S5 and S6). In step S5, geometric processing including
angle correction and enlargement/reduction for the final display is performed on the slice data group generated in step
S4, and in step S6 opacity or color correction necessary for generating a three-dimensional image, and shading
processing if necessary, is performed so as to generate an intermediate image, and the intermediate images are cu-
mulatively added to generate an cumulative added image. This cumulative added image is the image wherein the
ultrasound volume data is three-dimensionally projected. The display unit 38 displays the cumulative added image
generated at the slice rendering unit 36 (step S7).
[0199] Following display, judgment is made regarding whether or not to end the processing (step S8). In the event
of continuing the processing, judgment is made regarding whether or not there have been changes to display param-
eters including the visual line direction and so forth (step S9). In the event that there has been no change to the
parameters, the flow returns to step S2 and the above-described series of processing is repeated. In the event that
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there have been changes made to the parameters, the necessary parameters are set to the respective units, and the
flow returns to step S2.
[0200] Successively applying the processing to a plurality of volumes yields three-dimensional images in time-se-
quence, so that the moving state of organs, such as the walls and valves of the heart, or the moving state of the blood
flow from a contrast agent or from color Doppler data, can be observed.

(Ultrasound slice data generation processing)

[0201] FIG. 18 is a flowchart describing the ultrasound slice data generation processing in detail in step S3. The
processing in step S3 will be described in detail with this flowchart.
[0202] The slice processing unit 32 inputs parameters necessary for processing, such as the size, data type, etc.,
of the ultrasound volume collected from the host CPU 17, as initial settings information (step S31). This processing is
performed at the time of turning on the electric power, if arranged to be set at that time, or whenever parameters are
changed.
[0203] Next, a visual line direction vector indicating the visual line direction is input from the host CPU 17, and
direction determining processing for the visual line direction vector is performed based on the initial setting information
input at step S31, in order to determine the face closest to perpendicular (step S32). Specifically, inner product com-
putation of the volume direction vectors representing the direction of the volume, and the visual line direction vector,
is performed.
[0204] The volume direction vector is represented at the origin of beam as a Y-axial vector perpendicular to the
surface of the ultrasound probe 12, and the mutually-orthogonal X-axial vector and Z-axial vector. The three volume
direction vectors and the visual line direction vector are each represented as unit vectors.
[0205] Subsequently, whether the X axis, Y axis, or the Z axis is the closest to being parallel to the visual line direction
vector is judged in order to determine the face closest to perpendicular, based on the results of the inner product
computation obtained in step S32 (step S33). Specifically, the axis with the smallest inner product is selected. The
ultrasound slice data group is generated following the slice direction decided upon by the determining in step S33. In
the event that the X axis is the axis closest to parallel to the visual line direction, the ultrasound slice data group is
formed with the R-ψ face as the slice face, as shown in FIG. 19A (step S34a).
[0206] Similarly, in the event that the Z axis is the axis closest to parallel, the ultrasound slice data group is formed
on the R-θ face as shown in FIG. 19B (step S34b), and in the event that the Y axis is the axis closest to parallel, the
ultrasound slice data group is formed on the ψ-θ face as shown in FIG. 19C (step S34c).
[0207] Though not specifically shown in FIG. 18, in the event that the angle between the visual line direction and the
slice face is great to the extent that the slice spacing exceeds the size of a display pixel in steps S34a, S34b, or S34c,
an intermediate slice may be generated by interpolation processing from a plurality of slices. In this case, the slice
geometry may be generated anew, or the amount of processing computation may be reduced by using the geometric
information of one of the adjacent slices.
[0208] Next, visual line direction input is performed (step S35), and judgment is made regarding whether change in
the visual line direction has been instructed by the operator (step S36). In the event that judgment is made in step S36
that change in the visual line direction has been not instructed, the flow returns to step S35 again, and awaits visual
line changing instructions from the operator. In the event that judgment is made that change in the visual line direction
has been instructed, the flow returns to step S32, and the above-described processing procedures are repeated.
[0209] In the event that the amount of change to the visual line direction is infinitesimal, an arrangement may be
used wherein the flow does not return to step S32 to generate new ultrasound slice data, but rather the already-obtained
(i.e., obtained in one of steps S34a, S34b, and S34c) ultrasound slice data is re-processed, to improve the real-time
nature. Determination whether to re-process the already-existing ultrasound slice data, or to generate ultrasound slice
data, can be executed according to whether or not the amount of change to the visual line direction exceeds a prede-
termined threshold value.
[0210] Though this flowchart does not show an end, in order to include a event of stopping or ending the three-
dimensional processing, a configuration may be used wherein judgment is made regarding whether or not there has
been a stop command from the operating unit 18 immediately before inputting the visual line direction in step S35, or
a configuration may be used wherein the processing is immediately stopped.

(Generating interpolation slices)

[0211] In the event that an image is displayed enlarged or a visual line angle is great, there is a possibility that artifacts
with jagged shape appear at the edge portion of the volume. In order to reduce the appearance of the artifacts, a
configuration may be employed which performs generating and rendering interpolation slices, so that image quality is
improved.
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[0212] Generating of interpolation slices is performed by selecting a slice group near a portion wherein interpolation
is necessary, from the slice data and normal vector slices input to the slice rendering unit 36, and generating interpo-
lation data in the slice face direction by linear interpolation. The plurality of sets of slice data are stored in the data
recording unit in the main memory 369 (FIG. 14), so the generating of interpolation slices is realized by the MPU 368
reading out these and computing.

(Slice rendering processing)

[0213] FIG. 20 is a flowchart describing in detail the slice rendering processing performed in steps S5 and S6 in FIG.
17. The processing in steps S5 and S6 will now be described using the flowchart. Description will be made with the
understanding that the slice data group and the normal slice group have already been sent to the data region in the
main memory 369 by the shading vector computation unit 34, as described above.
[0214] First, the MPU 368 obtains the basic geometric information corresponding to each set of ultrasound slice data,
based on the visual line direction, sent from the host CPU 17 via the CPU interface 3610 determined in the slice
processing step S3 (step S601). The basic geometric information represents the ultrasound scan shape as a bunch
of triangles or squares (hereafter referred to as "component shapes"), with each portion on the ultrasound slice data
being correlated with an equal number of component shapes. The basic geometric information is used for generating
the later-described slice geometric information. Shapes corresponding to each of the R-ψ slice face, the R-θ slice face,
and the θ-ψ slice face, of the ultrasound slice data, are stored beforehand for the basic geometric information, with the
geometric information corresponding to the slice face being selected in step S601.
[0215] Next, the MPU 368 obtains the slice geometric information corresponding to the first ultrasound slice data
(step S602). The slice geometric information is geometric information represented by two-dimensional coordinates
(display coordinates) corresponding to the display image, representing the shape of the ultrasound slice data on the
display image as a bunch of component shapes. The slice geometric information is obtained by subjecting the com-
ponent shapes of the basic geometric information obtained in step S601 to coordinates conversion processing, which
includes rotation according to the visual line direction as to the apex coordinates thereof, enlarging/reducing according
to the distance from the viewpoint, and parallel displacement. The coordinates conversion processing is realized by
commonly-known matrix multiplication processing using a 4 by 4 matrix.
[0216] FIG. 21 illustrates the R-θ slice face and geometric conversion executed on the ultrasound slice data at the
R-ψ slice face, and is an example of representing the correlation using squares.
[0217] Since the R-ψ slice face and the R-θ slice face are fan-shaped planes in the orthogonal coordinates space,
the slice geometric information is obtained using the basic geometric information defining the fan shape in two-dimen-
sional coordinates. Besides, FIG. 21 illustrates the geometric conversion as to the slice data of the ψ-θ slice face. This
case also represents the correlation using squares.
[0218] Since the ψ-θ slice face has a concentric bowl-shaped form centered on the origin of the ultrasound beam in
the orthogonal coordinates space, the slice geometric information is obtained using the basic geometric information
defining the bowl-shaped form in three-dimensional coordinates.
[0219] As shown in FIG. 21, each portion of the ultrasound slice data and each portion of the slice geometric infor-
mation is correlated by the same number of component shapes. For example, 10 3 10 = 100 sets of ultrasound sample
data is allocated to inside the squares of the ultrasound slice data, and the data obtained based on the 100 sets of
ultrasound sample data are fit into the square portions of the slice geometric information as texture (steps S603 through
S611 Detailed description of each step will be made later).
[0220] Fitting of the texture is performed by processing data correlating the internal position of the squares corre-
sponding to the ultrasound slice data and the position within the squares corresponding to the slice geometric infor-
mation, based on the ratio of distance of apex coordinates of each square. This processing includes light ray intensity
correction, opacity/color processing, shading processing, and so forth.
[0221] Next, whether or not processing of all slice faces in one volume has completed is determined, and in the event
that this has not completed, the flow returns to step S603 and processes the data of the next slice face (step S612).
In the event that judgment is made that processing of all slice faces has been completed in step S612, judgment is
made regarding whether there is input of new ultrasound volume data, and in the event that there is input of new
ultrasound volume data, the flow returns to step S601, and processing for generating a display image for the new
ultrasound volume data is performed (step S613).

(Obtaining interpolation sample position, and rasterization)

[0222] The component shapes following the coordinates conversion processing are resampled in increments of pixels
of the display image, thereby obtaining sample point coordinates to be processed (step S603).
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(Position coordinates conversion)

[0223] Next, the sample point coordinates obtained in step S603 are subjected to processing reverse to the coordi-
nates conversion processing performed in step S602, thereby obtaining a corresponding point on the slice geometry
(step S604).

(Obtaining samples)

[0224] The sample position within the slice data corresponding to the slice geometry sample position is determined,
from the ratio of apex coordinates of the component shape containing the slice geometry sample position obtained in
step S604. The nearby four samples surrounding the sample position are obtained from the slice data (step S605).

(Bi-linear interpolation)

[0225] The four slice samples obtained in step S605 are subjected to interpolation processing (bi-linear interpolation)
in proportion to the distance between the slice data position and the nearby four samples, thereby obtaining the sample
value at the position (step S606).

(Obtaining light ray intensity)

[0226] Next, the MPU 368 obtains the intensity of incident light rays corresponding to the post-coordinates-conversion
position within the display window obtained in step S604 (step S607). The intensity of incident light rays is mounted
in the main memory 369 as a table corresponding to the pixel position within the display image. In step S601, the table
is initially set to a default of 1.0, and the initial value is used for the first slice. Incident light ray values of the table are
subjected to correction in step S611 each time processing is performed, as described later.

(Opacity/color)

[0227] Then, R, G, and B luminous energy corresponding to red, green and blue, for accumulating the reflectivity or
transmissivity of light rays in the three-dimensional image are obtained by making reference to an opacity table and
color table for applying opacity and coloring to the sample values obtained in step S606 (step S608). In step S608, the
correction of the luminous energy of reflected light is performed to the RGB luminous energy obtained from the color
table with the reflectivity determined by the opacity obtained from the opacity table and the intensity of incident light
rays obtained in step S607, and stored in the main memory 369 in the form of RGBA which is the data format for later-
described cumulative addition. In the RGBA format, RGB represents the components of the colors red, green, and
blue, of the reflected light, and A represents the weighting to be multiplied to the RGB at the time of cumulative addition
describe later. The weight (multiplication coefficient) used for the correction of the luminous energy of reflected light is
set for A.
[0228] Note that the opacity and color tables are placed in the data region within the main memory 369, the host
CPU 17 sets values using the default of system or set by the user via the operating unit 18.

(Shading)

[0229] Subsequently, the MPU 368 obtains the normal vector for each position from the average of the four normal
vectors surrounding the sample position, in the same way as in step S605, and calculates the luminous energy of
reflected light irradiated from the light source, and reflected in the visual line direction at the sample position. Since
the normal vector used here is already converted into that in the orthogonal coordinates, commonly-known processing
is sufficient here, and accordingly, detailed description will be omitted. The luminous energy of reflected light is the
RGB luminous energy corresponding to red, green, and blue, and is added to the luminous energy of reflected light
obtained in step S608 (step S609).

(Cumulative addition)

[0230] The final luminous energy of reflected light obtained in step S609 is transmitted to the graphic controller 365
via the system controller 366. The graphic controller 365 generates an intermediate image by weighting (multiplying)
the RGB data with the A value of the luminous energy data of reflected light, and cumulative addition is performed
corresponding to each pixel in the cumulative addition image (step S610). This intermediate image is subjected to
texture mapping to the slice geometric information corresponding to one slice face, and the cumulative addition image
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is the image subjected to the cumulative addition of intermediate images corresponding to each slice face in one volume.

(Computation of intensity of light rays transmitted)

[0231] The light ray intensity obtained in step s607 is multiplied by a value obtained by subtracting the opacity ob-
tained in step S608 from 1.0, thereby correcting the light ray intensity irradiated into the next frame (step S611). The
corrected light ray intensity obtained in this step is re-written to the aforementioned light ray intensity table, and is used
in the subsequent slice processing.

(End determination)

[0232] Judgment is performed in step S612 regarding whether or not the processing has been completed for all
sample points in the slice, and in the event that this has not been completed, the flow returns to step S603, and
repeatedly executes the processing on the unprocessed data within the slice. In the event that this has been completed,
whether or not processing has been completed for all slice data within the volume is determined in step S613. In the
event that this has not been completed, the flow returns to step S601, and the processing is repeated for the slice data
to be processed next. In the event that the processing has been completed, the processing ends. In the event that
volumes are to be consecutively input, the processing is consecutively performed for the new volume data, thereby
enabling time-consecutive three-dimensional image data to be created.
[0233] Though the processing here has been described without clearly distinguishing between B/W luminance data
and color blood flow data, it is clearly understood that there is no clear difference in processing between the two. It is
also needless to explain that fusion image generation, wherein one three-dimensional image is generated from the
data of both, can be carried out by alternately calculating the B/W luminance data and the blood flow data.

(Clipping)

[0234] There are the following three methods for realizing clipping processing, wherein an internal structure can be
understood in greater detail by cutting away a portion of the volume, and one of these methods is used to realize clipping.

(1) Setting the ultrasound sample data contained in the clipping region to 0 at the slice processing unit 32, so that
it is not displayed.
(2) Setting the RGB value of the image data within the clipping region to 0 in the opacity/color setting processing
within the slice rendering unit 36.
(3) Setting the addition weighting A to 0 at the time of shading processing or cumulative addition for generating
the three-dimensional image within the slice rending unit 36.

(Ultrasound image collection/generating processing)

[0235] The N'th collected ultrasound volume data is subjected to slice processing and normal vector computation
processing during the next ultrasound volume data collection period, and subjected to slice rendering processing during
the next ultrasound volume data collection period after that, and displayed during the next ultrasound volume data
collection period after that.
[0236] Following this, a diagnosis image is displayed in step S7 as indicated in FIG. 17, following which the processing
is ended in the event that here has been input for ending, and in the event that the process is not to end, the flow
proceeds to step S9 (Step S8). In step S9, determination is made whether or not there has been change in the conditions
and in the event that here has been no change, similar processing is repeated under the same conditions. On the other
hand, in the event that there has been input of instructions for starting new ultrasound image collecting/generating
processing, such as changing of the scan conditions, the new conditions are set, i.e., the parameters are changed,
and processing following the settings is carried out.
[0237] According to the present embodiment configured as described above, face enhancing (detection) processing
and smoothing processing can be performed on polar coordinates system ultrasound volume data, while having the
same operations and advantages as the above-described first embodiment.
[0238] That is, with the present embodiment, three-dimensional image rendering is performed without converting
the collected three-dimensional volume into a voxel volume with the digital scan converter. Particularly, in systems
which can collect three-dimensional volumes at high speed using a two-dimensional array probe, the moving state of
organs and the flow of contrast agents can be visualized by performing real-time display of the consecutively-collected
volumes.
[0239] Then, before performing rendering processing on the ultrasound sample, the above-described face enhancing
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processing is performed using nearby ultrasound samples. The obtained ultrasound samples are rearranged in two-
dimensional planar increments at the slice processing unit, and the slice data thus configured is subjected to super-
imposing addition at the three dimensional rendering unit 37 as a texture mapping unit, so as to generate a three-
dimensional image.
[0240] In addition, misjudgment of faces due to noise such as speckles and the like is avoided with the smoothing
filter processing unit 31, so an image with spatial effects can be displayed.
[0241] With the present arrangement, rendering processing can be speedily performed from any of the X, Y, or Z
axis directions. Thus, rendering images can be generated from all directions, thereby providing more effective diagnosis
images. Since orthogonal coordinates volume data is not created, high-quality three-dimensional images can be gen-
erated with less data than with conventional arrangements. Consequently, the delay time from collecting the echo
signals to displaying the three-dimensional image is reduced, so that a higher real-time nature can be realized. Further,
the scale of hardware resources can be reduced as compared with conventional arrangements, so that the device can
be provided at low costs. Such improvement in real-time nature extends the potential of clinical technology. For example,
this ultrasound diagnosis apparatus enables obtaining an image of interventional procedures such as needle puncture
which require high real-time nature, to be executed without difficulty.
[0242] Also, the display image is generated based on the data prior to conversion into orthogonal coordinates, so
that there are no effects of lost data due to conversion into orthogonal coordinates data, and a suitable display image
can be obtained even in the even of enlarging data with high raster density near the ultrasound probe, for example.
[0243] Thus, an ultrasound diagnosis apparatus and image processing method for generating high-quality three-
dimensional images with less data than with conventional arrangements by procedures simpler than with conventional
arrangements, can be realized. As a result, the delay time from echo signal collection to three-dimensional image
display can be reduced, thereby realizing high real-time nature. Besides, the hardware resources can be reduced as
compared with conventional arrangements, and consequently the apparatus can be provided at low costs.

Fourth Embodiment

[0244] Next, a fourth embodiment according to the present invention will be described with reference to FIG. 23. In
the following, the configurations which are essentially the same as those in the previous embodiments will be omitted
from the description. The components which have generally the same functions and configurations will be denoted
with the same reference numerals as in the previous embodiments, and redundant description thereof will be omitted
unless necessary, so basically only the differing parts will be described. FIG. 23 is a functional block diagram illustrating
an example of a configuration of the ultrasound diagnosis apparatus according to the present embodiment.
[0245] The Sobel filters used in the face extraction processing described in the first and the second embodiments
are the same type as those used for obtaining normal vectors, and were capable of reducing the hardware configuration
by using a part of the computation for shaded volume rendering processing.
[0246] The present embodiment discloses an example of a case of performing face extraction filter processing using
the normal vector computation results performed at a shading vector computation unit.
[0247] Specifically, as shown in FIG. 23, the ultrasound diagnosis apparatus 200 according to the present embodi-
ment comprises the components the same as those of the third embodiment which are omitted from the drawing here,
the slice processing unit 32, the shading vector computation unit 34, the slice rendering unit 36, the display unit 38, a
smoothing filtering unit 31D for performing smoothing processing with regard to normal vectors of each slice face
calculated at the shading vector computation unit 34, a face extraction filering unit 33D for performing face extraction
processing with regard to the normal vectors, and a visual line direction setting unit 18-1 for setting the visual line
direction via the operating unit 18 or the like.
[0248] Upon the visual line direction being set at the visual line setting unit 18-1, the slice processing unit 32 takes
the θ-ψ face as a slice face in the event that the visual line direction is in the R direction of the polar coordinates system
R, θ, ψ, takes the R-ψ face as a slice face in the event that the visual line direction is in the θ direction, and takes the
R-θ face as a slice face in the event that the visual line direction is in the ψ direction.
[0249] The shading vector computation unit 34 is configured with a (normal vector) computing unit 342 and a coor-
dinates converter 344 as shown in FIG. 23, as with the third embodiment.
[0250] The coordinates converter 344 is further configured of a polar coordinates / orthogonal coordinates converter
344-1 for converting normal vectors from those corresponding to a R-θ-ψ polar coordinates system to those corre-
sponding to an X-Y-Z orthogonal coordinates system, and a normalization processing unit 344-2 for normalizing the
normal vectors on the orthogonal coordinates system.
[0251] With the ultrasound diagnosis apparatus having a configuration such as described above, the smoothing
filtering unit 31D performs smoothing processing on the normal vectors computed at the computing unit 342 within the
shading vector computation unit 34.
[0252] Since the size of the normal vector strongly reflects the face component, the face extraction filtering unit 33D
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judges the normal vectors subjected to smoothing processing, and judges points with a vector length exceeding a
certain value to be positions where face components exist. Here, in the event that the vector length is equal to or less
than the predetermined threshold value, the face extraction filtering unit 33D sets the normal vector to 0 (in the event
that the vector length exceeds the threshold value, no change is made). The polar coordinates / orthogonal coordinates
converter 344-1 performs conversion processing on the normal vectors subjected to this processing, and normalization
processing and the like is hereafter performed by the normalization processing unit 344-2. Now, the 0 vectors are
exempt from the normalization processing, and remain 0. On the other hand, other vectors are converted into vectors
with a length of 1, thereby making binary processing corresponding to presence or absence of face component.
[0253] At this time, upon the visual line direction being set, the visual line direction is in the direction of one of the R
direction, θ direction, or ψ direction on the polar coordinates system, so normal vectors are computed corresponding
to this direction, and the direction for performing the processing at the smoothing filtering unit 31D and the face ex-
traction filtering unit 33D is also determined based on the visual line direction information.
[0254] That is, in the event that the visual line direction is the R direction, the θ-ψ plane is the slice face, so the
direction of the filtering processing is determined, so that smoothing processing or face extraction processing is per-
formed as to the slice face of the θ-ψ plane.
[0255] Note that the face extraction filter processing unit 33D and smoothing filter processing unit 31D may be con-
figured as shown in the configuration diagram of the first embodiment shown in FIG. 2 or the configuration diagram of
the second embodiment shown in FIG. 8, wherein XYZ is re-read as Rθψ.

(Processing procedures)

(Flow of ultrasound volume data collection and image generation processing)

[0256] The processing procedures of an ultrasound diagnosis apparatus 200 having a configuration such as de-
scribed above will be described with reference to FIG. 25.
[0257] First, as shown in the drawing, default values of control information, such as ultrasound volume collection
conditions, display image size, visual line direction, geometric information, are set to each corresponding unit by control
information set by the host CPU 17 beforehand (step S1).
[0258] Subsequently, under the control of the real-time controller (RTC) 16, scanning of the ultrasound volume radially
expanding from the surface of the ultrasound probe 12 is executed, and the volume data collected by the scan is
subjected to the above-described processing at the reception unit 22, the phasing adder 24, the detection circuit 26,
the echo processor (EP) 27, and the flow processor (FP) 28 (step S2).
[0259] Next, the slice processing unit 32 receives the ultrasound volume data output from the echo processor (EP)
27 and the flow processor (FP) 28 and divides the ultrasound volume data into a plurality of ultrasound slice data
groups parallel to one of the R-ψ slice face, the R-θ slice face, or the θ-ψ slice face, and outputs them (step S3). The
details of step S3 will be described later.
[0260] Next, the shading vector computation unit 34 computes the gradient of intensity values which each ultrasound
sample data has based on the ultrasound slice data group output from the slice processing unit 32, and obtains three-
dimensional normal vectors necessary for shading, which are output as normal vector slice data (step S4).
[0261] Now, the smoothing filtering unit 31D performs smoothing processing on the normal vectors with median filters
or the like (step S41). Further, face extraction processing is performed on the normal vectors by the face extraction
filtering unit 33D (step S42).
[0262] Since the object of the smoothing processing is to extract the face components in a stable manner, a method
may be employed wherein a predetermined threshold value is used, and vectors equal to or less than the threshold
value are set as 0 vectors. Since performing face component extraction following noise reduction is also effective, so
the order of the normal vector computation, step S4 in FIG. 24, and the smoothing processing, step S41, may be
reversed.
[0263] The slice rendering unit 36 performs polygon processing using texture mapping to generate a three-dimen-
sional image, based on the normal vector slice data subjected to smoothing processing and face extracting processing
output by the shading vector computation unit 34 (steps S5 and S6). In step S5, geometric processing including angle
correction and enlargement/reduction for the final display is performed on the slice data group generated in step S4,
and in step S6, opacity or color correction necessary for generating a three-dimensional image, and shading processing
if necessary, is performed so as to generate an intermediate image, and the intermediate images are cumulatively
added to generate an cumulative added image. This cumulative added image is the image wherein the ultrasound
volume data is three-dimensionally projected. The display unit 38 displays the cumulative added image generated at
the slice rendering unit 36 (step S7).
[0264] Following completion of display, judgment is made regarding whether or not to end the processing (step S8).
In the event of continuing the processing, judgment is made regarding whether or not there have been changes to



EP 1 416 443 A1

5

10

15

20

25

30

35

40

45

50

55

27

display parameters including the visual line direction and so forth (step S9). In the event that there has been no change
to the parameters, the flow returns to step S2 and the above-described series of processing is repeated. In the event
that there have been changes made to the parameters, the necessary parameters are set to the respective units, and
the flow returns to step S2 (step S10).

(Normal vector computation processing)

[0265] FIG. 26 is a flowchart describing normal vector computation processing performed in step S4.
[0266] First, information for determining the direction of the visual line direction vector indicating the visual line di-
rection determined in the slice processing step S3, is obtained (step S421). This may be any form of information, such
as a flag or a header, for identifying which the ultrasound slice data corresponds to; the R-θ slice face, the R-ψ slice
face, or the θ-ψ slice face.
[0267] Next, the axis closest to parallel to the visual line direction vector is determined among the R axis, θ axis, and
ψ axis, based on the results obtained in step S421 (step S422).
[0268] Face extraction filtering processing in the corresponding two directions is performed according to the slice
direction determined in step S422.
[0269] In the event that the axis closest to being parallel to the visual line direction is the R axis, face extraction
filtering processing is performed with regard to the θ and ψ directional normal vectors (step S423a). Similarly, in the
event that the axis closest to being parallel to the visual line direction is the θ axis, face extraction filtering processing
is performed with regard to the R and ψ directional normal vectors (step S423b). Further, in the event that the axis
closest to being parallel to the visual line direction is the ψ axis, face extraction filtering processing is performed with
regard to the R and θ directional normal vectors (step S423c).
[0270] Next, face extraction filtering processing is performed inter-directionally over a plurality of slices (step S424),
and then the final normal vectors are output (Step S425).
[0271] Since shading vectors are vectors for computing the luminous energy of reflected light for shading, the size
thereof is normalized to 1. Since vectors generated by noise and proper vectors generated by face components cannot
be distinguished between, the data before normalization my be used in the volume rendering.
[0272] Further, in order to enhance the difference in normal vector length, face extraction filtering is applied, and
computation such as multiplication is performed by filtering with such as an HPF (high-pass filter) or the like. Or, en-
hancement processing may be carried out following a Gamma curve or the like.
[0273] Thus, the load in filter processing can be reduced by performing face extraction filtering processing using
normal vectors prior to normalization, i.e., data that is partway through shading processing.
[0274] With the shading processing in SVR (shaded volume rendering), since the luminous energy of reflected light
is determined according to the angle between the light rays from the light source and the plane, there is the need to
normalize the normal vectors, and the normalization may be achieved by determining the opacity and coloring and the
like thereof with regard to the normal vector lengths before normalization, and performing VR (volume rendering)
processing.
[0275] While the present embodiment has been described with regard to a case wherein the filtering processing
direction of normal vectors is stipulated in a particular direction according to the visual line direction, a configuration
may be employed wherein filtering processing is divided and performed for each of the three directions separately.

Fifth Embodiment

[0276] Next, a fifth embodiment according to the present invention will be described with reference to FIG. 27. In the
following, the configurations which are essentially the same as those in the fourth embodiment will be omitted from the
description. The components which have generally the same functions and configurations will be denoted with the
same reference numerals as in the fourth embodiment, and redundant description thereof will be omitted unless nec-
essary, so basically only the differing parts will be described. FIG. 27 is a functional block diagram illustrating an example
of a configuration of the ultrasound diagnosis apparatus according to the present embodiment.
[0277] While the fourth embodiment has a configuration wherein face extraction processing and the like is applied
to normal vectors on the polar coordinates system, a configuration may be made wherein face extraction processing
and the like is performed on normal vectors following conversion from the normal vectors on the polar coordinates
system to those on the orthogonal coordinates system, as with the present embodiment.
[0278] Specifically, as shown in FIG. 27, the ultrasound diagnosis apparatus according to the present embodiment
subjects the normal vectors on the orthogonal coordinates system, converted at the polar coordinates / orthogonal
coordinates converter 344-1, to smoothing processing at the smoothing filter processing unit 31E, and further performs
face determining processing on the normal vectors at the face extraction filter processing unit 33E.
[0279] Subsequently, the normal vectors processed at the face extraction filter processing unit 33E are subjected to
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normalization processing at the normalization processing unit 344-2, thereby performing shading processing.
[0280] Thus, shading vectors before normalization are obtained at the time of computation for plane detection for
shading. Opacity is made to correspond to the size of the vectors. The vectors at the sample positions may be generated
as volumes, or computation may be performed each time shading computation is performed.

Sixth Embodiment

[0281] Next, a sixth embodiment according to the present invention will be described with reference to FIG. 28. In
the following, the configurations which are essentially the same as those in the previous embodiments will be omitted
from the description. The components which have generally the same functions and configurations will be denoted
with the same reference numerals as in the previous embodiments, and redundant description thereof will be omitted
unless necessary, so basically only the differing parts will be described. FIG. 28 is an explanatory diagram describing
an example of a configuration of the ultrasound diagnosis apparatus according to the present embodiment.
[0282] While the above embodiments have been made with regard to a case wherein three-dimensional images
such as the internal structure of parenchymatous organs and the like with face components enhanced (detected) are
displayed on the display unit 18 of the ultrasound diagnosis apparatus, the present embodiment discloses a case
wherein, in addition to the three-dimensional image (first three-dimensional image) with enhanced face components,
MPR (multi planar reconstruction) images of a second three-dimensional image generated by volume rendering without
performing face extraction computation can also be displayed.
[0283] Specifically, as shown in FIG. 28, a display area 402 for displaying MPR images of a particular cross-section
of the second three-dimensional image with no face component enhancement, and a display area 404 for displaying
the first three-dimensional image with face components enhanced so as to be capable of displaying the internal struc-
ture of parenchymatous organs, are formed by display on a display screen 400 displayed on the display unit 18 of the
ultrasound diagnosis apparatus. This display control can be performed at the display control unit included in the host
CPU 17.
[0284] Thus, with the previous embodiments, in the event that two tubular structures exist mutually in parallel in a
direction orthogonal to the visual line direction in the organ for example, the tubular structure at the back cannot be
visualized, however, with the present embodiment, a cross-section image in the direction orthogonal to the tubular
structure can be displayed, so that the cross-section images and the entire image can be viewed at the same time,
thereby enabling the general state of the internal structure of the parenchymatous organ to be grasped.
[0285] Accordingly, even in the event that there is an object in the volume which is in front of another object on the
visual line from the viewpoint, these can be seen.
[0286] Though enhancing the face components so as to enable viewing the surface of the internal structure facilitates
viewing in a three-dimensional manner, there are limits on being able to tell the details thereof since the image being
projected two-dimensionally on the display in the end. Accordingly, laying cross-sections from different viewpoints with
MPR images side by side assists in understanding the makeup of the internal structure. Conventional volume rendering
images may be used instead of MPR images, or along with MPR images.
[0287] Similarly, MPR images of the first three-dimensional image in the event that face component enhancement
has been performed, may be displayed. Further, the first three-dimensional image and the second three-dimensional
image may be displayed simultaneously. Switching of the display control according to the display formats is performed
by the display control unit contained in the host CPU 17 controlling the display unit 38 according to operation instructions
via the operating unit 18.
[0288] As for a user interface displayed in the event of displaying the first three-dimensional image with face com-
ponents enhanced on the display unit 38, the following configuration, for example, is preferable.
[0289] That is, setting means are configured within the operating unit 18 for setting the face extraction range by the
face extraction filtering processing unit 33D. At the time of generating a three-dimensional image having the internal
structure with enhancement to a degree corresponding to the set face extraction range, display is preferably performed
by generating an image wherein the parameters a correlated with the face extraction range,are set to specific values
corresponding to the face extraction range that has been set.
[0290] More specifically, the configuration preferably is made such that making operations from the operating unit
18, with the slider for example, changes the cut-off of the HPF, whereby the corresponding opacity settings are auto-
matically changed. Thus, the operability of setting the parameters in the three-dimensional image is greatly improved.
Various parameters beside the opacity may also be arranged in this way.

Seventh Embodiment

[0291] Next, a seventh embodiment according to the present invention will be described with reference to FIG. 29.
In the following, the configurations which are essentially the same as those in the previous embodiments will be omitted
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from the description. The components which have generally the same functions and configurations will be denoted
with the same reference numerals as in the previous embodiments, and redundant description thereof will be omitted
unless necessary, so basically only the differing parts will be described. FIG. 28 is a functional block diagram illustrating
an example of a configuration of the ultrasound diagnosis apparatus 210 according to the present embodiment.
[0292] An arrangement may be made wherein the output of the slice processing unit, which is previously described,
is not left as polar coordinates data but rather is subjected to scan conversion by the digital scan converter (DSC) 29
as with the ultrasound diagnosis apparatus 210 shown in FIG 29. Such an ultrasound diagnosis apparatus can be
realized by having the circuit configuration shown in FIG. 29 following the echo processor (EP) 27 and the flow processor
(FP) 28 shown in FIG. 9. Reference numeral 212 illustrates the components of the image processing apparatus.
[0293] Regarding the processing procedures, step S603 as shown in FIG. 20, for obtaining the interpolation sample
positions in the slice rendering processing, step S604 for performing position coordinates conversion, step S605 for
obtaining corresponding samples from slices, and step S606 for performing bi-linear interpolation processing, are ex-
ecuted at the digital scan converter (DSC) 29.
[0294] An arrangement may be made wherein, instead of directly converting into voxel volumes, the data is converted
into a two-dimensional image temporarily, and the voxel volume being generated from a plurality of two-dimensional
images.
[0295] While the apparatus and method according to the present invention have been described according to several
particular embodiments, various modifications to the embodiments of the present invention described herein may be
made without departing from the spirit and scope of the present invention.
[0296] For example, the technical idea of the present invention is not restricted to applications to ultrasound diagnosis
apparatuses, and may be applied to other medical image apparatus which have functions of obtaining and processing
volume data (e.g., X-ray diagnosis apparatuses, X-ray CT apparatuses, MRI apparatuses, nuclear medicine diagnosis
apparatuses, and so forth). Thus, the present invention is not restricted to ultrasound diagnosis apparatuses, and can
be widely applied to image processing apparatus.
[0297] Besides, image imaging means (modality) of the image processing apparatus may be integral with the image
imaging means (modality) of the ultrasound diagnosis apparatus, or the two may be separate. At this time, the modality
is not restricted to an ultrasound diagnosis apparatus, and the image acquiring unit may be means for receiving video
signals, for example.
[0298] Further, processing programs for performing the face component enhancement and smoothing processing
carried out by the ultrasound diagnosis apparatus according to the above embodiments, and the processing illustrated
in the drawings, may be performed separately from the ultrasound diagnosis apparatus by a computer such as a
personal computer or workstation or the like having functions for the processing.
[0299] Further, the processing program processed by the ultrasound diagnosis apparatus and the image processing
apparatus and the like, the processing described, the techniques described overall in the specification, and the data
(information such as computation programs and the like, for performing each of the computations, image data, and so
forth), may be stored in part or in full in information recording media or computer-readable media, and further may be
formed as a computer program product having the computer-readable media. Examples of such information recording
media include semiconductor memory such as ROM, RAM, flash memory and the like, memory devices such as inte-
grated circuits and the like, or optical disks, magneto-optical disks (CD-ROM, DVD-RAM, DVD-ROM, MO, etc.), mag-
netic storage media, i.e., magnetic disks (hard disks, flexible disks, ZIP disks, etc.), and so forth. Further, non-volatile
memory cards, IC cards, network resources, and so forth may also be used for recording.
[0300] Furthermore, various steps are included in the above embodiment, and various embodiments can be extracted
by suitably combining the plurality of components disclosed. Thus, it is needless to say that the present invention
encompasses any arrangements made by combining any of the above embodiments, or by combining any of the
embodiments with any modifications thereof. Further, the present invention also encompasses arrangements wherein
one or more of the components are omitted from the components described in the embodiments.
[0301] The description has been made so far with reference to disclose examples of embodiments of the present
invention to facilitate understanding of the present invention, and it should be understood that the description of the
embodiments is not intended to be interpreted restrictively but rather illustratively, and various modifications and chang-
es can be made within the scope of the invention. Accordingly, the components disclosed in the above embodiments
are intended to include all modifications in design and equivalent configurations belonging to the technical scope of
the present invention.

Claims

1. An image processing apparatus (2, 102, 212), characterized in that the apparatus comprising:
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recording means (39) for recording volume data acquired from a subject, which is allocated in three-dimen-
sional space, and forms a data set representing a physical property of the subject;
characteristic quantity extracting means (33) for extracting a characteristic quantity computed from values of
the physical property held by each volume data; and
three-dimensional image generating means (36, 37) for providing opacity to the characteristic quantity, and
for generating a volume rendering image using the opacity.

2. The image processing apparatus according to claim 1, characterized in that the characteristic quantity is boundary
information representing a boundary face between different objects existing inside the volume data.

3. The image processing apparatus according to claim 2, characterized in that the three-dimensional image gen-
erating means heightens the opacity of the boundary face, and lowers the opacity of a rest so as to generate a
volume rendering image with the boundary face enhanced.

4. The image processing apparatus according to one of claims 1 and 2, characterized in that the characteristic
quantity extracting means computes one of a normal vector perpendicular to the boundary face and information
regarding the vector length(S4), which is determined from the difference between an intensity of volume data of
interest and an intensity of nearby volume data.

5. The image processing apparatus according to claim 4, characterized in that the three-dimensional image gen-
erating means generates a volume rendering image based on one of the normal vector and the information re-
garding the vector length.

6. The image processing apparatus according to one of claims 1 and 4, characterized in that:

the characteristic quantity extracting means computes a gradient vector, necessary for shading processing
(S609); and
the three-dimensional image generating means generates a volume rendering image using one of the gradient
vector and a value of its intermediate product made in the process of its computation.

7. The image processing apparatus according to claim 1, characterized in that the characteristic quantity extracting
means is configured with a high-pass filter processing the volume data of the interest.

8. The image processing apparatus according to one of claims 1 and 8, characterized in that the characteristic
quantity extracting means comprises three Sobel filters (335a, 335b, 335c) mutually independently processing the
volume data in three directions set to identify a position of the volume data in the three-dimensional space.

9. The image processing apparatus according to claim 1, characterized in that the apparatus further comprising a
smoothing means (31) for performing smoothing processing before performing characteristic quantity extraction
processing.

10. The image processing apparatus according to claim 9, characterized in that the smoothing means is one of a
weighted averaging unit and a median filtering unit(331).

11. The image processing apparatus according to claim 1, characterized in that one of the characteristic quantity
extracting means and the three-dimensional image generating means performs processing (S3) in increments of
slices parallel to the two directions out of the three directions, and the closest to perpendicular to a projection
direction.

12. The image processing apparatus according to one of claims 1 and 11, characterized in that the apparatus further
comprising a display means (38) for displaying an animated image by sequentially processing a plurality of volume
data recorded in the recording means.

13. The image processing apparatus according to any of claims 1, 11 and 12, characterized in that the display means
sequentially performs processing consecutive volume data in real time acquired with two-dimensional array probe
which can scan a three-dimensional space in order to display an animated image.

14. The image processing apparatus according to claim 1, characterized in that the three-dimensional image gen-
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erating means generates a plurality of tomographic images cut in different directions.

15. The image processing apparatus according to any of claims 1 and 11 to 14, characterized in that the three-
dimensional image generating means generates at least one of the plurality of tomographic images cut in different
directions and
a volume rendering image based on a value of the volume data, in concurrence with generating a volume rendering
image, and the display means displays them (402, 404) simultaneously.

16. The image processing apparatus according to any of claims 1 and 11 to 15, characterized in that the characteristic
quantity extracting means performs characteristic quantity extraction processing only on a certain type of volume
data among a plurality of types of volume data with different physical properties, and the three-dimensional image
generating means generates a three-dimensional image by superimposing three-dimensional distribution informa-
tion acquired from the volume data processed in the characteristic quantity extraction means on three-dimensional
distribution information acquired from the remaining unprocessed volume data.

17. The image processing apparatus according to claim 16, characterized in that the characteristic quantity extraction
means is configured wherein a selection condition of a type of volume data to be processed is changeable so that
the characteristic quantity extraction processing is performed on a different type of volume data.

18. An ultrasound diagnosis apparatus (1, 100, 210) comprising:

ultrasound transmission/reception means (14, 22) for transmitting ultrasound waves to a subject and receiving
reflected waves from the subject so as to outputting volume data acquired from a subject, which is allocated
in three-dimensional space, and forms a data set representing a physical property of the subject as signals
from the subject;
first ultrasound information generating means (27) for acquiring and outputting first three-dimensional distri-
bution information about a tissue structure of the subject;
second ultrasound information generating means (28) for acquiring and outputting second three-dimensional
distribution information about property of a moving object of the subject;

characterized in that the apparatus further comprising:

recording means (39) for recording volume data acquired by the ultrasound transmission/reception means;
characteristic quantity extracting means (33) for extracting a characteristic quantity computed from values of
the physical property held by each volume data; and
three-dimensional image generating means (37) for providing opacity to the characteristic quantity, and for
generating a volume rendering image using the opacity.

19. The ultrasound diagnosis apparatus according to claim 18, characterized in that the volume data is acquired by
the ultrasound transmission/reception means during scanning a section of the subject with the use of one of a two-
dimensional array probe (12) and swing movement of a sector probe, and represented by polar coordinates, whose
origin is set at an irradiating point of ultrasound beam, using two angles in mutually orthogonal directions.

20. The ultrasound diagnosis apparatus according to claim 18, characterized in that the volume data is acquired by
the ultrasound transmission/reception means during scanning a section of the subject by rotating a ultrasound
probe around its axis so as to rotate a plurality of volume data of interest disposed in a two-dimensional plane
around the axis in the opposite way.

21. The ultrasound diagnosis apparatus according to claim 18, characterized in that the volume data is acquired by
the ultrasound transmission/reception means during scanning a section of the subject by shifting a ultrasound
probe in parallel along a perpendicular direction to the section so as to shift a plurality of volume data of interest
in parallel to the opposite direction.
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摘要(译)

从对象获取的体数据被记录在记录装置（39）中，该体数据被分配在构
成三维空间的点中并形成表示对象的物理特性的数据集。通过特征量提
取装置（33）提取由每个点处的体数据保持的物理性质的值计算的特征
量，并且通过三维图像生成对特征量提供不透明度来生成三维图像。意
思是（37）。体数据是体素体数据或极坐标超声体积数据。通过这种方
式，可以三维地显示薄壁组织的内部结构，尤其是内部血管和空腔结
构。
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