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Description
BACKGROUND
Technical Field

[0001] The present invention relates to an ultrasound
diagnostic apparatus, and more particularly to a technol-
ogy of forming a three-dimensional bloodstream image.

Related Art

[0002] In the medical field, an ultrasound diagnostic
apparatus transmits and receives ultrasonic waves to
and from a living organism and generates an ultrasound
image on the basis of a reception signal obtained by
transmission and reception of the ultrasonic waves. Typ-
ical ultrasound images may include a two-dimensional
tissue image, which is a monochrome image(B-mode im-
age), and a two-dimensional bloodstream image, which
is a color image. A two-dimensional bloodstream image
is color representation of Doppler components or motion
information (e.g., velocity information, power information,
and so on) which are contained in a reception signal. A
two-dimensional tissue image may be formed by refer-
ence to the motion information. In general, a two-dimen-
sional tissue image and a two-dimensional bloodstream
image are combined to form a combined image, which
is then to be displayed on a display.

[0003] In recent years, three-dimensional ultrasound
diagnostic apparatuses which form a three-dimensional
tissue image by reference to volume data obtained by
transmission and reception of ultrasonic waves with re-
spect to a three-dimensional space within a living organ-
ism have been in wide-spread use. Conventionally, a
three-dimensional tissue image is formed by using a vol-
ume rendering method, for example, and is a stereoscop-
ic representation of a tissue (e.g. an organ) within a living
organism. Meanwhile, motion volume data can be ob-
tained by extracting motion information from volume da-
ta. Here, motion volume data refers to three-dimensional
data formed of the motion information. By applying three-
dimensional image processing to the motion volume da-
ta, a three-dimensional bloodstream image can be
formed.

[0004] JP 2005-157664 A (Reference 1), JP
2005-40622 A (Reference 2), JP 2006-51202 A (Refer-
ence 3), and JP 2001-17428 A (Reference 4) disclose
conventional ultrasound diagnostic apparatuses which
form a three-dimensional ultrasound image.

[0005] The motion volume data generally contain not
only bloodstream data for which image formation is de-
sired but also noises (including clutter) and so on for
which image formation is not desired. If a rendering
processing is directly applied to the motion volume data
containing a great amount of noise to form a three-di-
mensional bloodstream image, sufficient image quality
cannot be achieved in such a three-dimensional blood-
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stream image. While noises similarly appear in a con-
ventional two-dimensional bloodstream image, disad-
vantages resulting from appearance of noises on a two-
dimensional bloodstream image are not very significant,
because these noises were present on a scan plane
which is a two-dimensional plane. In a three-dimensional
bloodstream image, on the other hand, noises which are
present over the whole three-dimensional space are im-
aged. Consequently, if a great amount of noise appears
around and in front and back portions of a bloodstream
on a three-dimensional bloodstream image, these noises
obstruct observation of the bloodstream. Here, the
amount of noise within a three-dimensional space is sev-
eral tens to several hundreds times as much as that
present on a two-dimensional plane.

SUMMARY

[0006] The present invention advantageously pro-
vides an ultrasound diagnostic apparatus which forms a
three-dimensional bloodstream image in which noises
are effectively removed or reduced.

[0007] Theinvention is defined in independent Claims
1 and 16. Preferred embodiments are defined in the de-
pendent claims.

[0008] In this structure, the motion information con-
tained in the original volume data is extracted and the
motion volume data which are formed of the extracted
motion information are generated. The motion informa-
tion may include a velocity, an absolute value of a veloc-
ity, a power, and so on, which are computed from Doppler
components. The motion information may be Doppler in-
formation, or two-dimensional or three-dimensional vec-
tor information. The identification unit generates identifi-
cation data by reference to the motion volume data. More
specifically, the identification unit has a function of spec-
ifying each object, a function of identifying a type of each
object, and so on. While use of three-dimensional labe-
ling processing is desired for specification of the objects,
other processing operations may be used. When the
three-dimensional labeling processing is adopted, it is
desirable to apply a preliminary processing (i.e. invalid
voxel removing processing such as binarization process-
ing) to the motion volume data prior to the three-dimen-
sional labeling processing. An objectis generally a spatial
mass (an aggregate of spatially contiguous voxels) ex-
isting within a three-dimensional space, and corresponds
either to bloodstream or noise when roughly categorized.
Noise may include clutter. An object composed of asingle
voxel may be specified. As, in general, a bloodstream
object has a large size whereas a noise object has a
small size, the object type is identified with reference to
the object size. In this manner, whether or not each object
is a bloodstream can be identified. At the time of this
identification, in addition to or in place of the object size,
other information including the shape of an object, sta-
tistical values concerning the velocities and powers, and
soon may be considered. Once the types of the individual
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objects are identified, resulting identification data are
generated. The identification data are three-dimensional
mask data, which are three-dimensional reference data
which mask (exclude) noise portions in the motion vol-
ume data or which extract bloodstream portions in the
motion volume data. With the use of the identification
data, bloodstream volume data are generated from the
motion volume data. Then, the three-dimensional ren-
dering processing is applied to the bloodstream volume
data to thereby form a three-dimensional bloodstream
image. The final three-dimensional bloodstream image,
which contains no noise or only a slight amount of noise,
can represent the running state of a bloodstream clearly,
so that image information which is useful for diagnosis
of diseases can be provided. In this three-dimensional
bloodstream image, bloodstreams are preferably repre-
sented in colors, and are represented in different colors
in accordance with the direction of flow, as required.
[0009] Preferably, the identification unit further in-
cludes a labeling-processing unit which applies three-
dimensional labeling processing to the motion volume
data to specify the plurality of objects. The three-dimen-
sional labeling processing is a processing operation for
identifying and specifying as a single object an aggregate
of spatially contiguous voxels having the same attribute.
In general, an object number is assigned to each object,
and the number of voxels forming an object is counted.
However, various other identification methods may be
adopted, so long as the individual objects can be speci-
fied. Further, itis also possible to set a three-dimensional
region of interest to thereby restrict a three-dimensional
range to be imaged or a three-dimensional range to be
subjected to the labeling processing.

[0010] The identification unit further includes a deter-
mination unit which determines whether or not each ob-
jectis abloodstream, by reference to a three-dimensional
volume size of each object. As a blood vessel has an
elongated shape within a three-dimensional space, even
a thin blood vessel generally has a certain degree of vol-
ume size. In contrast, noise (clutter) has a relatively
smaller volume size. Accordingly, it is possible to deter-
mine whether or not each object is a bloodstream (or
whether or not each object is noise) by using a three-
dimensional volume size as a determination criteria.
Here, in addition to or in place of the volume size, other
information may be referred to.

[0011] Preferably, the three-dimensional volume size
is the number of voxels which is counted in the three-
dimensional labeling processing. As described above,
as the number of voxels is automatically counted when
extracting the individual objects in the labeling process-
ing, this counting result is used in the following step.
[0012] Preferably, the identification unit further in-
cludes a binarization processing unit which applies bina-
rization processing to the motion volume data prior to the
three-dimensional labeling processing, and the volume
data having been subjected to the binarization process-
ing are input to the labeling processing unit. As the labe-
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ling processing is directed at identification of candidate
bloodstream, it is desirable to previously exclude voxels
which are not considered to be candidates of blood-
stream from among the subjects of processing. For this
reason, binarization processing is applied. Here, while,
in a sense, the binarization processing is also aimed at
removing noises, with the binarization processing, dis-
crimination in voxel units is performed by reference to
the magnitude of motion information (e.g. a velocity, a
power, and so on). In contrast, with the labeling process-
ing and the determination processing described above,
anoise which is difficult to distinguish from a bloodstream
by reference to the magnitude of motion information is
identified by reference to the size of an object volume.
[0013] Preferably, the binarization processing unit
compares each of voxel data items forming the motion
volume data with a discrimination reference value to con-
vert each of voxel data items into a valid value or an
invalid value. The valid value represents a candidate
bloodstream voxel, and the invalid value represents a
voxel which is not a bloodstream candidate. This binari-
zation processing may also serve as a known wall motion
filter (i.e. a removalfilter of a low-velocity motion), or such
a filter may be provided separately.

[0014] The identification unitidentifies an object which
is greater than a predetermined size as a bloodstream
and identifies an object which is smaller than the prede-
termined size as noise which is not a bloodstream. It is
desirable to variably set the predetermined size in ac-
cordance with a subject of ultrasound diagnosis, the size
of a three-dimensional region or a three-dimensional re-
gion of interest, and other conditions.

[0015] The identification data are three-dimensional
mask data which are used for extracting a bloodstream
portion in the motion volume data or for excluding a noise
portion in the motion volume data. For example, by per-
forming a logical operation in units of voxels between the
three-dimensional mask data and the motion volume da-
ta, the bloodstream volume data can be generated.
[0016] Preferably, the image-forming unit sets a plu-
rality of rays with respect to the bloodstream volume data
to determine a pixel value based on a sequence of voxel
data on each ray. Various methods may be used for form-
ing a three-dimensional bloodstream image by reference
to the bloodstream volume data. For example, a maxi-
mum value method, a volume rendering method in which
opacity is used, a surface rendering method, and so on
may be used.

[0017] Preferably, the image-forming unit determines
a pixel value concerning each ray by means of a maxi-
mum value method. Preferably, the image-forming unit
assumes a first peak on each ray as a maximum value.
Preferably, the first peak corresponds to a velocity or a
power at a center portion of a bloodstream located on
the front side closest to a viewpoint. As such, when one
bloodstream on the front side and the other bloodstream
on the further back side cross each other, the blood-
stream on the front side is always represented preferen-
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tially. Even if the bloodstream on the back side is a high-
speed bloodstream, as the bloodstream on the back side
is not allowed to be displayed preferentially, the image
can retain a sense of depth. If weighting in the depth
direction is applied so as to prevent preferential display
of the high-speed bloodstream on the back side, the ve-
locity of the bloodstream cannot be represented accu-
rately. With the above structure, however, such disad-
vantages can be prevented.

[0018] In accordance with another preferred embodi-
ment of the presentinvention, there is provided animage-
processing program to be executed in a computer, as
defined in the independent claim 16. The program ac-
cording to the present invention is provided via a storage
medium or via the network serving as a medium and is
then installed in a computer. The storage medium may
be a medium such as a CD-ROM. Here, the above com-
puter is a general personal computer or an ultrasound
diagnostic apparatus, for example. A three-dimensional
bloodstream image may be formed by reference to the
volume data which are obtained in real time or by refer-
ence to the volume data which are stored.

[0019] DocumentUS6503202 discloses medical diag-
nostic ultrasound methods and systems for 3-dimension-
al automated flow analysis. Multiple cross-sectional ar-
eas along a vessel are determined automatically. A proc-
essor locates an abnormality as a function of the multiple
cross-sectional areas, such as identifying a cross-sec-
tional area that is a threshold amount less than an aver-
age cross-sectional area. The abnormal area is highlight-
ed on the display to assist with medical diagnosis. For
the carotid artery, the interior and exterior branches are
labeled to assist medical diagnosis.

[0020] Document EP1152364 discloses a method and
an apparatus for automatically initializing and adjusting
the Doppler sample gate position and size settings based
on actual vessel 2-dimensional image data. A vessel seg-
ment search method employs an object search technique
based solely on geometric and morphological informa-
tion in a binarized vessel image obtained from either B-
mode or color flow image data. Objects with size less
than a threshold are screened out as noise. The morpho-
logically best or nearest vessel segment within a target
search region in the two-dimensional image is found. The
sample gate is placed at or near the center of the targeted
vessel segment. The sample gate size is adjusted in re-
lation to the vessel size. Then the best available steering
angle that minimizes the Doppler angle is selected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The presentinvention will be described in detail
by reference to the following figures, wherein:

FIG. 1 is a block diagram showing an ultrasound di-
agnostic apparatus according to a preferred embod-
iment of the present invention;

FIG. 2 is a conceptual view for explaining processing
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for generating bloodstream volume data;

FIG. 3 is a conceptual view for explaining a relation-
ship between the bloodstream volume data and a
screen;

FIG. 4 is a chart (graph) showing distribution of voxel
values along a ray; and

FIG. 5 is a flowchart showing processing for forming
a three-dimensional bloodstream image.

DETAILED DESCRIPTION

[0022] A preferred embodiment of the present inven-
tion will be described in detail with reference to the ac-
companying drawings.

[0023] FIG. 1 is a block diagram showing the overall
structure of an ultrasound diagnosis apparatus according
to a preferred embodiment of the present invention. The
ultrasound diagnostic apparatus according to the present
embodiment is for use in the medical field, and includes
a function of forming a three-dimensional bloodstream
image which is a stereoscopic representation of blood-
stream within a living organism.

[0024] Inthe present embodiment, a 3D (three-dimen-
sional) probe 10 includes a 2D (two-dimensional) array
transducer. The 2D array transducer includes a plurality
of transducer elements which are arranged two-dimen-
sionally. An ultrasound beam is formed by the 2D array
transducer and is electronically scanned. Known elec-
tronic scan methods include electronic sector scan, elec-
tronic linear scan, and others. In FIG. 1, a symbol "r"
indicates the depth direction, which corresponds to the
ultrasound beam direction. Symbols "8" and "¢" repre-
sent directions in which an ultrasound beam is scanned.
In the illustrated example, a pyramid-shaped echo data
acquisition region, which is a three-dimensional space
constructed within a living organism, is formed. Here, in
place of the 2D array transducer, a 1D array transducer
and a mechanism for mechanically scanning the 1D array
transducer may be provided.

[0025] A unit 12 functions as a transmitting beam
former transmitter and a receiving beam former receiver.
The unit 12, at the time of transmission, provides a plu-
rality of transmission signals, in parallel, to the 2D array
transducer, thereby forming a transmitting beam. At the
time of reception, a reflection wave from within the living
organism is received by the 2D array transducer, which
outputs a plurality of reception signals, in parallel, to the
unit 12. The unit 12 then performs phase adjustment and
summation processing with respect to the plurality of re-
ception signals to thereby electronically form a receiving
beam. In this case, areception dynamic focus technology
is applied. According to the present embodiment, the re-
ception signal (beam data) having been subjected to
beam adjustment and summation is output to a signal-
processing unit 14 and a velocity-computing unit 22.
Here, an ultrasound beam for forming a three-dimension-
al tissue image and an ultrasound beam for forming a
three-dimensional bloodstream image may be formed
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separately.

[0026] The signal-processingunit 14 is amodule which
executes signal processing for forming a three-dimen-
sional tissue image, and has functions such as detection
processing, logarithmic compression processing, and so
on. The beam data having been subjected to the signal
processing are stored in a 3D memory 16. Here, when
storing and reading data with respect to the 3D memory
16, coordinate transformation processing is executed. In
the present embodiment, a three-dimensional tissue im-
age-forming unit 18 forms a three-dimensional tissue im-
age from volume data stored in the 3D memory 16, by
means of a volume rendering method in which opacity is
used. More specifically, a plurality of rays are set with
respect to the volume data, and, for each ray, a voxel
computation is sequentially repeated along the ray to
thereby determine a pixel value. The image data of the
three-dimensional tissue image are output to a display
processing unit 20. The image data are then provided to
a display unit 42, which displays the three-dimensional
tissue image.

[0027] Now, processingforforming athree-dimension-
al bloodstream image will be described in detail. The
three-dimensional bloodstream image is displayed sep-
arately from or in combination with the three-dimensional
tissue image described above.

[0028] The velocity-computing unit 22, in the present
embodiment, includes a quadrature detector, a low-ve-
locity motion removal filter, an autocorrelation operator,
a velocity operator, and so on. Specifically, the velocity-
computing unit 22 has a function of computing the velocity
information as one type of motion information contained
in a reception signal. More specifically, the velocity-com-
puting unit 22 extracts Doppler components contained in
a reception signal, applies an autocorrelation operation
with respectto the Doppler components, and further com-
putes the velocity (the average velocity) from the auto-
correlation result. The velocity which is obtained in this
case has a positive or negative sign. The velocity infor-
mation is computed for each voxel. Although the velocity
is obtained as the motion information in the present em-
bodiment, a power (or an absolute value of the velocity)
may be computed. Further, although in the present em-
bodiment the velocity information along the beam direc-
tion is obtained, a two-dimensional velocity vector or a
three-dimensional velocity vector may be computed.
[0029] The velocity data output from the velocity-com-
puting unit 22 are stored in a 3D memory 24. Then, when
writing or reading the data with respect to the 3D memory
24, coordinate transformation is executed. In this case,
coordinate transformation from the rf¢ coordinate sys-
tem to the XYZ coordinate system is executed. The 3D
memory 24 has a storage space corresponding to the
three-dimensional space within the living organism de-
scribed above. The 3D memory 24 stores velocity volume
data (motion volume data) formed as an aggregate of
velocity data which are voxel data. Here, each of 3D
memories 28, 32, and 36, which will be described below,
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preferably has a storage space similar to that of the 3D
memory 24 and functions as a buffer memory.

[0030] A binarization processing unit 26 is a module
which executes binarization processing with respect to
the velocity volume data stored in the 3D memory 24.
Specifically, there is executed processing in which a vox-
el value which is smaller than a predetermined threshold
value is replaced with 0 (an invalid value) and a voxel
value which is equal to or greater than the predetermined
threshold value is replaced with 1 (a valid value). As a
result, only the voxel values which are candidates of
bloodstreams are specified. The volume data having
been subjected to this binarization processing are binary
volume data, which are also one type of the motion vol-
ume data. The binary volume data are stored in the 3D
memory 28.

[0031] A labeling processing unit 30 applies three-di-
mensional labeling processing to the binary volume data,
as will be described with reference to FIG. 2. Specifically,
the labeling processing unit 30 extracts a voxel aggre-
gation (i.e. an object) having a voxel value 1. In general,
a plurality of bloodstreams and a plurality of noises exist
within a three-dimensional space, and a plurality of ob-
jects are specified as a result of the labeling processing.
Each object is composed of a plurality of voxels which
are spatially coupled to each other. In this embodiment,
these voxels have a voxel value, which is 1. Although an
object composed of one isolation voxel may be extracted,
such an object is a noise and need not be extracted.
Further, the minimum number of voxels forming an object
may be defined. Here, the three-dimensional labeling
processing itselfis a known technology. The volume data
having been subjected to the three-dimensional labeling
processing or the data of processing results are stored
in the 3D memory 32.

[0032] Here, with the labeling processing, an object
number is assigned to each object, and the number of
voxels constituting each object is counted to obtain a
count value. The object number and the count value con-
stitute object attribute information.

[0033] A mask data generation unit 34 reads out from
the 3D memory 32 the volume data and the attribute in-
formation obtained as a result of the three-dimensional
labeling processing, and executes processing for identi-
fying the type of each object. Namely, the mask data
generation unit 34 identifies whether each object is a
bloodstream (which is a subject to be imaged) or noise
(which is not a subject to be imaged). More specifically,
the mask data generation unit 34 compares the number
of voxels of each object with a predetermined reference
value, and determines an object with the number of vox-
els which is smaller than the reference value as noise
and determines an object with the number of voxels which
is equal to or greater than the reference value as a blood-
stream. In general, the volume size of noise is smaller
than the volume size of a bloodstream within a three-
dimensional space. Accordingly, although it is difficult to
discriminate noise and bloodstream by reference to the
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magnitude of velocity, it is possible to distinguish be-
tween a noise portion and a bloodstream portion by ref-
erence to a difference in the spatial size. For this identi-
fication, the count value which is obtained in the three-
dimensional labeling processing described above; that
is, a volume size, is referred to.

[0034] The mask data generation unit 34 generates,
for each object, identification data (mask data) represent-
ing anidentification result of whether the objectis a blood-
stream or noise. The mask data is three-dimensional vol-
ume data, which are reference data which can be used
for spatially identifying a portion corresponding to noise
and a portion corresponding to a bloodstream.

[0035] Here, the mask data which identify an object
corresponding to noise can be generated if noise removal
is performed in gate processing which will be described
below, whereas the mask data which identifies an object
corresponding to bloodstream can be generated if ex-
traction of bloodstream is performed in the gate process-
ing. The mask data generated by the mask data gener-
ation unit 34 are stored in the 3D memory 36.

[0036] A gate-processing unit 38, with the use of the
mask data described above, applies bloodstream extrac-
tion processing (and/or a noise removal processing) to
the motion volume data which are read from the 3D mem-
ory 24, and generates, as a result, volume data which
basically represent only bloodstreams; i.e., bloodstream
volume data, which are then provided to a three-dimen-
sional bloodstream image-forming unit 40.

[0037] The three-dimensional bloodstream image-
forming unit 40, in the present embodiment, generates a
three-dimensional bloodstream image by means of the
maximum value method. However, a modified maximum
value method is applied in the present embodiment, as
will be specifically described below with reference to
FIGs. 3 to 5. With the modified maximum value detection
method according to the present embodiment, in a por-
tion in which a plurality of bloodstreams cross each other,
a bloodstream located on the front side as seen from the
viewpoint, which is a bloodstream located closer to the
viewpoint, can be represented preferentially, or high-ve-
locity components in the bloodstream can be represented
preferentially, so that a clear three-dimensional blood-
stream image can be advantageously formed without los-
ing the sense of depth.

[0038] The display processing unit 20 has a color
processing function, an image-combining function, and
so on. The display processing unit 20 outputs image in-
formation which is selected in accordance with a display
mode set by a user and provides the image information
to the display unit 42. In the present embodiment, the
three-dimensional tissue image is displayed as a mono-
chrome image, whereas the three-dimensional blood-
stream image is displayed as a color image. The three-
dimensional bloodstream image is a velocity image in
which a bloodstream approaching the probe is represent-
ed with red hue and a bloodstream moving away from
the probe is represented with blue hue, and also, different
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velocities are represented by brightness of the respective
hues. The display processing unit 20 performs such a
coloring processing. As described above, because a
bloodstream located on the front side seen from the view-
point is represented preferentially in a portion in which a
plurality of bloodstreams cross each other, problems
such as aloss of the sense of depth and unnatural mixture
of red and blue colors in a portion where bloodstreams
cross each other can be eliminated or alleviated. Also,
as a stream with the highest velocity in the center portion
of the bloodstream can be represented due to the method
which will be described below, the state of each blood-
stream can be advantageously represented in a clear
manner.

[0039] As a matter of course, the method according to
the present invention can be similarly applied to a case
in which a power image is displayed as a three-dimen-
sional bloodstream image. A power image is formed as
an image of a red color, for example, in which the mag-
nitude of power is represented by brightness. In either
case, there can be formed a three-dimensional blood-
stream image in which noise, especially undesirable clut-
ter generated due to interference of ultrasonic waves or
the like, is effectively reduced.

[0040] A controlunit44, which performs operation con-
trol of each unit described in FIG. 1, is formed of a CPU
and an operation program. An operation panel 46 is con-
nected to the control unit 44. The operation panel 46 in-
cludes a keyboard and a trackball and is operated by a
user to set the operation conditions and parameters.
Here, the function of each of the binarization processing
unit 26, the labeling processing unit 30, the mask data
generation unit 34, the gate processing unit 38, the three-
dimensional image-forming unit 40, the display process-
ing unit 20, and so on, can be essentially implemented
as a software function. It is also possible to output the
information stored in the 3D memory 24 to an external
personal computer and execute the processing de-
scribed above on the personal computer to thereby form
a three-dimensional bloodstream image.

[0041] Each of the 3D memories 24 and 16 can be
formed as a cine memory having a ring buffer structure.
A three-dimensional bloodstream image may be formed
as a moving image based on the time-sequential volume
data stored over a fixed time period.

[0042] FIG. 2 conceptually shows processing of gen-
erating bloodstream volume data. Reference numeral 50
indicates velocity volume data. In this example, portions
52 and 54 corresponding to bloodstreams and portions
56, 58, 60, and 62 corresponding to noises are present
within a three-dimensional space.

[0043] A result of application of the binarization
processing, and then the three-dimensional labeling
processing, to the velocity volume data 50 is shown by
a view indicated by reference numeral 64. With the bina-
rization processing, a value of 1 is assigned to each voxel
forming each of the portions 52, 54, 56, 58, 60, and 62
described above, and a value of 0 is assigned to other
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voxels. More specifically, in the binarization processing,
a predetermined threshold value is set, and a voxel value
which is smaller than the threshold value is replaced with
0 and a voxel value which is equal to or greater than the
threshold value is replaced with 1, so that a still object
and a low-velocity object can be advantageously exclud-
ed from the subjects to be processed. As required, var-
ious filtering processing operations can be applied to the
binarized volume data. Then, with the labeling process-
ing, a plurality of objects 52A, 54A, 56A, 58A, 60A, and
62A which spatially exist are specified. Here, each object
is an aggregate of voxels which are spatially contiguous
and which have a value 1. An object formed of a single
voxel can also be identified. Object numbers #1 to #6 are
assigned to the respective objects in a predetermined
order. Also, the number of voxels forming each object is
counted. Namely, in the three-dimensional labeling
processing, at the time of extracting an object, counting
of voxels forming the object is executed and the resulting
count value is stored as attribute information represent-
ing the volume size of the object.

[0044] Asdescribed above, in view that a bloodstream
objectgenerally has alarger volume size whereas a noise
object generally has a smaller volume size, it is possible
to discriminate between a bloodstream portion and a
noise portion. In the example shown in FIG. 2, four noise
portions are identified, and these noise portions form
three-dimensional mask data 66. In this case, the por-
tions 56A, 58A, 60A, and 62A designated by object num-
bers #1, #2, #5, and #6, respectively, are specified.
[0045] Oncethethree-dimensional mask data are gen-
erated as described above, the three-dimensional mask
data 66 are caused to operate on the velocity volume
data, and more specifically, a logical operation is per-
formed between the three-dimensional mask data and
the velocity volume data, to thereby remove the noise
portions 56, 58, 60, and 62 contained in the velocity vol-
ume data 50, so that bloodstream volume data 68 in
which noise is removed can be generated. The blood-
stream volume data 68 basically include only the portions
52 and 54 corresponding to the bloodstreams. Accord-
ingly, by executing rendering processing based on the
bloodstream volume data, there can be provided a three-
dimensional bloodstream image in which noises are ef-
fectively reduced, or the bloodstreams are clearly repre-
sented.

[0046] Although, in the example shown in FIG. 2, the
portions 56A, 58A, 60A, and 62A are identified by the
three-dimensional mask data 66 as the subjects to be
excluded, various other methods may also be applied for
configuring the three-dimensional mask data 66. For ex-
ample, three-dimensional mask data for extracting the
bloodstream portions may be configured. In any case,
control data which can be used for achieving removal of
noise portions and extraction of bloodstream portions are
generated.

[0047] Referring now to FIGs. 3 to 5, processing for
forming a three-dimensional bloodstream image will be
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described.

[0048] FIG. 3 shows the bloodstream volume data 68.
A modified maximum value detection method, which will
be described below, is to be applied to the bloodstream
volume data 68. First, a plurality of virtual rays (lines of
sight) are set with respect to the bloodstream volume
data 68. Here, a viewpoint 72 can be set at an arbitrary
position. In the example shown in FIG. 3, only one rep-
resentative ray 70 is shown. The plurality of rays may be
parallel to each other or non-parallel. For each ray, an
operation which will be described below is executed to
determine one pixel value. By mapping, on a screen 74,
a plurality of pixel values which are obtained for the plu-
rality of rays, a three-dimensional bloodstreamimage can
be formed.

[0049] Now, with regard to the ray 70, voxel values are
sequentially obtained in the order of voxels on the ray
70, starting from the viewpoint 72. Namely, a maximum
value search processing is executed. Here, it is desired
that the voxel value is an absolute value of the velocity,
in order to specify the bloodstream on the front side, re-
gardless of the direction of the stream (i.e. regardless of
a negative sign or a positive sign). In the example shown
in FIG. 3, the ray 70 penetrates both the portion 52 cor-
responding to a bloodstream and the portion 54 corre-
sponding to a bloodstream, and is associated with a spe-
cific address Pi on the screen 74.

[0050] FIG. 4 shows, in a graph, a sequence of voxel
values existing on the ray described above. The left end
of the horizontal axis represents the viewpoint or a search
start point, and the direction to the right from the viewpoint
represents the depth direction. Further, the vertical axis
represents the magnitude of a voxel value, which is an
absolute value of the velocity in the present embodiment.
Specifically, although, in the actual display of an image,
each bloodstream is represented with a hue in accord-
ance with the direction of the stream in consideration the
positive or negative sign, the sign should not be consid-
ered when specifying the peak of the bloodstream locat-
ed on the front side, and therefore an absolute value of
the velocity is referred to. Here, when the voxel value
corresponds to a power, the voxel value is directly re-
ferred to for performing search of the maximum value.
[0051] The graph shown in FIG. 4 includes two hills
74A and 74B. The first hill 74A corresponds to the blood-
stream 52 located on the front side in FIG. 3, and the
following hill 74B corresponds to the bloodstream 54 lo-
cated on the further back side in FIG. 3. Once search of
the maximum value is started from the search start point,
the voxel values are sequentially referred to along the j
direction or the depth direction as indicated by reference
numeral 75. Then, as will be described below with refer-
ence to FIG. 5, the current voxel value which is being
referred to is compared with the current maximum value
stored in a buffer. If the current voxel value is greater
than the current maximum value, the maximum value
storedin the bufferis updated; i.e., the current voxel value
is written in the buffer. With sequential repetition of this
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processing, after the voxel value of the first peak 76 cor-
responding to the vertex of the first hill 74A is stored in
the buffer, the buffer value remains unupdated, and the
reference position descends a slope of the hill 74A.
[0052] Inthis example, if the voxel value increases and
then decreases to finally reach 0 in the course of search;
i.e., if the voxel value reaches a point indicated by refer-
ence numeral 78, the maximum value search processing
is completed. At this point in time, the maximum value
currently stored in the buffer is identified as a specific
maximum value, and is then converted into a pixel value.
In this shown example, the value of the first peak 76 is
identified as the specific maximum value.

[0053] Accordingly, the second hill 74B is not consid-
ered as a search subject, because the search is com-
pleted before the second hill 74B. Consequently, in the
portion in which the two bloodstreams cross each other,
only the bloodstream located on the front side is dis-
played, thereby avoiding a problem that the bloodstream
on the further back side is unnecessarily imaged.
[0054] Although in this example, the search is com-
pleted at the time point when the first hill is crossed to
find the first valley, the search may be completed at a
position 77 located at a predetermined level further down
from the peak 76, for example. Alternatively, it is also
possible to compute a gradient at each point and termi-
nate the search at a point where the current gradient
exceeds a predetermined value.

[0055] This method can provide an advantage that
even if a second hill 80 is higher than the first hill 74A,
the first peak 76, which is the vertex of the first hill 74A,
can be specified reliably. However, the second or sub-
sequent hill may be referred to for the purpose of pre-
venting misidentification of the peak.

[0056] FIG. 5 shows, in a flowchart, a processing for
forming a three-dimensional bloodstream image. First,
instep S101, 1is setasi, which represents aray number,
and also 1 is set as j, which represents a step number
on the ray; i.e., a voxel address. Also, a maximum value
bufferis cleared. In step S102, whether or not a currently-
referred voxel value dj is 0 is determined. If dj is O, the
voxel which is currently being referred to is assumed to
be located on the front side with respect to the first blood-
stream. Then, in step S103, j is incremented by 1, and
in step S104, whether or not j is a maximum value is
determined. If j is determined to be a maximum value,
processing in step S108 is executed in order to terminate
the processing with regard to the ray which is currently
noted. On the other hand, if j is not determined to be a
maximum value in step S104, the processing proceeds
to step S102.

[0057] If in step S102 it is determined that the voxel
value djis not0, the processingin step S105is performed.
More specifically, a determination is made as to whether
or not the voxel value dj which is currently being noted
is greater than the j-th buffer value corresponding to the
currently-noted ray. If the currently-noted voxel value dj
is greater, there is executed update processing in which
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the current buffer value is replaced by the currently-noted
voxel value dj. If the voxel value dj is equal to or smaller
than the current buffer value, such update processing is
not performed.

[0058] Instep S106, whether or not a termination con-
dition is satisfied is determined with regard to the current
ray. As shown in FIG. 4, when the first hill is crossed and
then the voxel value 0 is reached, it is determined that
the termination condition is satisfied. Alternatively, other
termination conditions may be applied. If the termination
condition is not satisfied, processing proceeds to step
S107, in which jis incremented by 1, and then step S105
and the subsequent steps are repeated. On the other
hand, if it is determined that the termination condition is
satisfied with regard to the currently-noted ray, then, in
step S108, whether or not i, which is aray number, reach-
es a maximum value is determined. Then, if it is deter-
mined that i does not reach the maximum value, i is in-
cremented by 1 in step S109, and then step S102 and
the subsequent steps described above are repeated.
[0059] On the other hand, if in step S108 it is deter-
mined that i reaches a maximum value, in step S110,
coloring processing is applied to a three-dimensional
bloodstream image formed of a plurality of pixel values
which have been obtained until then. More specifically,
hue and brightness are assigned in accordance with the
direction and magnitude of the velocity, so that a three-
dimensional bloodstream image, which is a color image,
is formed.

[0060] In the three-dimensional bloodstream image,
as described above with reference to FIG. 3, in a portion
in which the bloodstreams cross each other, the blood-
stream located on the front side seen from the viewpoint
is preferentially displayed. In addition, when displaying
each bloodstream, a center portion of the bloodstream
with a higher velocity is displayed with a higher priority
than a peripheral portion around the center portion of the
bloodstream with a lower velocity, so that each blood-
stream can be clearly displayed with a sense of depth.
Further, with the above processing, high-speed compu-
tation can be executed, because the computation con-
cerning the subject ray is completed if the first peak is
specified and then the termination condition is satisfied.
Although it is possible to apply weighting processing
along the depth direction so as to prevent the blood-
stream located on the deeper side from being displayed
preferentially, such special and additional processing is
not necessary according to the structure of the present
embodiment. However, such a weighting processing in
the depth direction may be performed for the purpose of
image adjustment and so on.

[0061] As described above, the ultrasound diagnostic
apparatus according to the present embodiment can ad-
vantageously generate bloodstream volume data in
which noises (particularly clutter) present in a three-di-
mensional space are removed, and can further advanta-
geously form a three-dimensional bloodstream image
which is based on such bloodstream volume data and
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which also can provide a sense of depth and can faithfully
represent motion information. features (noise removal
based on the object size, In the ultrasound diagnostic
apparatus is possible, for example, to first generate the
bloodstream volume data using the method as shown in
FIG. 2, and then apply various known volume rendering
methods to the bloodstream volume data. It is also pos-
sible to generate bloodstream volume data by using a
general method and then apply the method described in
FIGs. 3 to 5 to preferentially display the bloodstream lo-
cated on the front side.

Claims
1. An ultrasound diagnostic apparatus, comprising:

a unit (12) which is adapted to transmit and re-
ceive ultrasonic waves with respect to a three-
dimensional space (10) within a living organism
and it is adapted to obtain original volume data;
a computation unit (22) which is adapted to ex-
tract motion information from the original volume
dataanditis adapted to generate motion volume
data (50);

an identification unit (26, 30, 34) which is adapt-
ed to specify a plurality of objects (52A, 54A,
56A, 58A, 60A, 62A) included in the motion vol-
ume data and to identify a type of each of the
objects (52A, 54A, 56A, 58A, 60A, 62A) which
are specified to thereby generate identification
data;

an extraction unit (38) which is adapted to ex-
tract bloodstream volume data (68) from the mo-
tion volume data (50) by reference to the iden-
tification data; and

an image-forming unit (40) which is adapted to
form a three-dimensional bloodstream image by
reference to the bloodstream volume data (68),
characterized in that

the identification unit (26, 30, 34) is adapted to
identify an object (52A, 54A, 56A, 58A, 60A,
62A) which is greater than a predetermined size
as a bloodstream (52, 54) and to identify an ob-
ject (52A, 54A, 56A, 58A, 60A, 62A) which is
smaller than the predetermined size as noise
which is not a bloodstream (52, 54),

the identification data are three-dimensional
mask data which are used for removing a noise
portion in the motion volume data,

the extraction unit comprises a gate processing
unit that is adapted to extract the bloodstream
volume data from the motion volume data by
applying, to the motion volume data, three-di-
mensional gate processing using the three-di-
mensional mask data, and the image-forming
unit is adapted to apply rendering processing to
the bloodstream volume data.
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2,

The ultrasound diagnostic apparatus according to
claim 1,

characterized in that

the identification unit (26, 30, 34) is adapted to iden-
tify the type of an object (52A, 54A, 56A, 58A, 60A,
62A) by reference to the size of each of the objects
(52A, 54A, 56A, 58A, 60A, 62A) which are specified.

The ultrasound diagnostic apparatus according to
claim 1,

characterized in that

the identification unit (26 30, 34) further includes a
labeling processing unit (30) which is adapted to ap-
ply three-dimensional labeling processing to the mo-
tion volume data (50) to thereby specify the plurality
of objects (52A, 54A, 56A, 58A, 60A, 62A).

The ultrasound diagnostic apparatus according to
claim 3,

characterized in that

the dentification unit (26, 30, 34) further includes a
determination unit which is adapted to determine
whether or not each object (52A, 54A, 56A, 58A,
60A, 62A) is a bloodstream (52, 54), by reference to
athree-dimensional volume size of each object (52A,
54A, 56A, 58A, 60A, 62A).

The ultrasound diagnostic apparatus according to
claim 4,

characterized in that

the three-dimensional volume size is the number of
voxels which is counted in the three-dimensional la-
beling processing.

The ultrasound diagnostic apparatus according to
claim 3,

characterized in that

the identification unit (26, 30, 34) further includes a
binarization processing unit (26) which is adapted to
apply binarization processing to the motion volume
data (50) prior to the three-dimensional labeling
processing, and

the volume data having been subjected to the bina-
rization processing are input to the labeling process-
ing unit (30).

The ultrasound diagnostic apparatus according to
claim 6,

characterized in that

the binarization processing unit (26) is adapted to
compare each of voxel data items forming the motion
volume data (50) with a discrimination reference val-
ue to thereby convert each of voxel data items into
a valid value or an invalid value.

The ultrasound diagnostic apparatus according to
claim 1,
characterized in that
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the identification data are three-dimensional mask
data (66) which are used for extracting a blood-
stream portion (52, 54) in the motion volume data
(50).

The ultrasound diagnostic apparatus according to
claim 1,

characterized in that

the image-forming unit (40) is adapted to set a a plu-
rality of rays (70) with respect to the bloodstream
volume data (68) to thereby determine a pixel value
based on a sequence of voxel data on each ray (70).

The ultrasound diagnostic apparatus according to
claim 9,

characterized in that

the image-forming unit (40) is adapted to determine
a pixel value concerning each ray (70) by means of
a maximum value method.

The ultrasound diagnostic apparatus according to
claim 10,

characterized in that

the image-forming unit (40) is adapted to assume a
first peak (76) on each ray (70) as a maximum value.

The ultrasound diagnostic apparatus according to
claim 12,

characterized in that

the first peak (76) corresponds to a velocity or a pow-
er at a center portion of a bloodstream (52) located
on the front side closest to a viewpoint (72).

The ultrasound diagnostic apparatus according to
claim 1,

characterized in that

the motion information is velocity information or pow-
er information, and the motion value data (50) are
composed of the motion information corresponding
to the three-dimensional space (10).

The ultrasound diagnostic apparatus according to
claim 1,

characterized in that

the three-dimensional bloodstream image is a color
image.

The ultrasound diagnostic apparatus according to
claim 1, further including:

a further image-forming unit (18) which is adapt-
ed to form a three-dimensional tissue image by
reference to the original volume data; and

a display unit (42) which is adapted to display
the three-dimensional bloodstream image and
the three-dimensional tissue image.

An image-processing program to be executed in a
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computer, for forming a three-dimensional blood-
stream image by reference to motion volume data
(50) the image-processing program comprising:

a program portion which is adapted to specify a
plurality of objects (52A, 54A, 56A, 58A, 60A,
62A) included in the motion volume data and to
determine whether or not each of the objects
which are specified is a bloodstream (52, 54) to
thereby generate identification data;

a program portion which is adapted to extract
bloodstream volume data (68) from the motion
volume data (50) by reference to the identifica-
tion data; and

a program portion which is adapted to form a
three-dimensional bloodstream image by refer-
ence to the bloodstream volume data (68),
characterized in that

the program portion which is adapted to specify
a plurality of objects (52A, 54A, 56A, 58A, 60A,
62A) is adapted to identify an object (52A, 54A,
56A, 58A, 60A) which is greater than a prede-
termined size as a bloodstream (52, 54) and to
identify an object (52A, 54A, 56A, 58A, 60A)
which is smaller than the predetermined size as
noise which is not a bloodstream (52, 54),

and

the identification data are three-dimensional
mask data which are used for removing a noise
portion in the motion volume data (50), and
the program portion which is adapted to extract
bloodstream volume data (68) from the motion
volume data (50) is adapted to apply to the mo-
tion volume data (50) three-dimensional gate-
processing using three-dimensional mask data,
and

the program portion which is adapted to form a
three-dimensional bloodstream image is adapt-
ed to apply rendering processing to the blood-
stream volume data.

Patentanspriiche

Ultraschalldiagnosegerat, mit:

einer Einheit (12), welche ausgebildet ist, Ultra-
schallwellen mit Bezug auf einen dreidimensio-
nalen Raum (10) innerhalb eines lebenden Or-
ganismus zu senden und zu empfangen und
ausgebildet ist, originale Volumendaten zu er-
halten;

einer Berechnungseinheit (22), welche ausge-
bildet ist, Bewegungsinformation von den origi-
nalen Volumendaten zu extrahieren und welche
ausgebildet ist, Bewegungsvolumendaten (50)
Zu generieren;

eine ldentifizierungseinheit (26, 30, 34), welche
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ausgebildetist, eine Vielzahl von Objekten (52A,
54A, 56A, 58A, 60A, 62A), die in den Bewe-
gungsvolumendaten enthalten sind, zu spezifi-
zieren und einen Typus von jedem der Objekte
(52A, 54A, 56A, 58A, 60A, 62A), die spezifiziert
sind zu identifizieren, um daraus Identifizie-
rungsdaten zu generieren;

eine Extraktionseinheit (38), die ausgebildet ist,
Blutbahnvolumendaten (68) von den Bewe-
gungsvolumendaten (50) unter Bezugnahme
aufdie Identifizierungsdaten zu extrahieren; und
eine Bilderzeugungseinheit (40), welche ausge-
bildet ist, ein dreidimensionales Blutbahnbild
unter Bezugnahme auf die Blutbahnvolumenda-
ten (68) zu erzeugen,

dadurch gekennzeichnet,

dass die Identifizierungseinheit (26, 30, 34) aus-
gebildet ist, ein Objekt (52A, 54A, 56A, 58A,
60A, 62a), das groRer ist als eine vorgegebene
GrolRe als eine Blutbahn (52, 54) zu identifizie-
ren und ein Objekt (52A, 54A, 56A, 58A, 60A,
62A), das kleiner ist als die vorbestimmte GrolRe
als Rauschen zu identifizieren, das nicht einer
Blutbahn (52, 54) entspricht,

dass die Identifizierungsdaten dreidimensiona-
le Maskendaten sind, die zum Entfernen eines
Rauschanteils in den Bewegungsvolumendaten
verwendet werden,

dass die Extraktionseinheit eine Gatebearbei-
tungseinheit aufweist, die ausgebildet ist, die
Blutbahnvolumendaten von den Bewegungsvo-
lumendaten durch Anwenden einer dreidimen-
sionalen Gatebearbeitung auf die Bewegungs-
volumendaten unter Verwendung der dreidi-
mensionalen Maskendaten zu extrahieren, und
dass die Bilderzeugungseinheit ausgebildet ist,
eine Renderingsbearbeitung auf die Blutbahn-
volumendaten anzuwenden.

Ultraschalldiagnosegeréat nach Anspruch 1,
dadurch gekennzeichnet,

dass die Identifizierungseinheit (26, 30, 34) ausge-
bildet ist, den Typus eines Objektes (52A, 54A, 56A,
58A, 60A, 62A) unter Bezugnahme auf die GréRe
von jedem der Objekte (52A, 54A, 56A, 58A, 60A,
62A), die spezifiziert sind, zu identifizieren.

Ultraschalldiagnosegerét nach Anspruch 1,
dadurch gekennzeichnet,

dass die Identifizierungseinheit (26, 30, 34) ferner
eine Markierungsbearbeitungeinheit (30) enthalt,
welche ausgebildet ist, eine dreidimensionale Mar-
kierungsbearbeitung auf die Bewegungsvolumen-
daten (50) anzuwenden, um dadurch die Vielzahl
von Objekten (52A, 54A, 56A, 58A, 60A, 62A) zu
spezifizieren.

Ultraschalldiagnosegerét nach Anspruch 3,
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20

dadurch gekennzeichnet,

dass die Identifizierungseinheit (26, 30, 34) ferner
eine Bestimmungseinheit enthalt, welche ausgebil-
detist, unter Bezugnahme auf eine dreidimensionale
VolumengrdRe jedes Objektes (52A, 54A, 56A, 58A,
60A, 62A) zu bestimmen, ob jedes Objekt (52A, 54A,
56A, 58A, 60A, 62A) einer oder nicht Blutbahn (52,
54) entspricht.

Ultraschalldiagnosegerat nach Anspruch 4,
dadurch gekennzeichnet,

dass die dreidimensionale Volumengréf3e der An-
zahl der Voxel entspricht, die in der dreidimensiona-
len Markierungsbearbeitung gezahlt werden.

Ultraschalldiagnosegerat nach Anspruch 3,
dadurch gekennzeichnet,

dass die Identifizierungseinheit (26, 30, 34) ferner
eine Binarisierungsbearbeitungseinheit (26) enthal,
die ausgebildet ist, eine Binarisierungsbearbeitung
auf die Bewegungsvolumendaten (50) vor der drei-
dimensionalen Markierungsbearbeitung anzuwen-
den, und

dass die Volumendaten, die der Binarisierungsbe-
arbeitung unterworfen wurden, in die Markierungs-
bearbeitungseinheit (30) eingegeben werden.

Ultraschalldiagnosegerat nach Anspruch 6,
dadurch gekennzeichnet,

dass die Binarisierungsbearbeitungseinheit (26)
ausgebildet ist, jedes die Bewegungsvolumendaten
(50) erzeugenden Voxeldatenelement mit einem Un-
terscheidungsreferenzwert zu vergleichen, um da-
durch jeden der Voxeldatenelemente in einen guilti-
gen oder einen ungultigen Wert umzuwandeln.

Ultraschalldiagnosegerat nach Anspruch 1,
dadurch gekennzeichnet,

dass die ldentifizierungsdaten dreidimensionalen
Maskendaten (66) entsprechen, die zum Extrahie-
ren eines Blutbahnanteils (52, 54) in den Bewe-
gungsvolumendaten (50) verwendet werden.

Ultraschalldiagnosegerat nach Anspruch 1,
dadurch gekennzeichnet,

dass die Bilderzeugungseinheit (40) ausgebildet ist,
eine Vielzahl von Strahlen (70) mit Bezug auf die
Blutbahnvolumendaten (68) einzustellen, um da-
durch einen Pixelwert anhand einer Voxeldatense-
quenz auf jedem Strahl (70) zu bestimmen.

Ultraschalldiagnosegerat nach Anspruch 9,
dadurch gekennzeichnet,

dass die Bilderzeugungseinheit (40) ausgebildet ist,
einen Pixelwert bezliglich jedes Strahls (70) mittels
eines Maximumwerteverfahrens zu bestimmen.

Ultraschalldiagnosegerat nach Anspruch 10,
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dadurch gekennzeichnet,

dass die Bilderzeugungseinheit (40) ausgebildet ist,
einen ersten Peak (76) auf jedem Strahl (70) als ei-
nen Maximumwert anzunehmen.

Ultraschalldiagnosegerat nach Anspruch 11,
dadurch gekennzeichnet,

dass dererste Peak (76) einer Geschwindigkeit oder
einer Energie an einem Mittenbereich einer Blutbahn
(52) entspricht, die sich auf der Vorderseite nachst-
gelegen zu einem Betrachtungspunkt (72) befindet.

Ultraschalldiagnosegerét nach Anspruch 1,
dadurch gekennzeichnet,

dass die Bewegungsinformation einer Geschwin-
digkeitsinformation oder einer Energieinformation
entspricht, und

dass die Bewegungsvolumendaten (50) aus der Be-
wegungsinformation entsprechend des dreidimen-
sionalen Raumes (10) zusammengesetzt sind.

Ultraschalldiagnosegerét nach Anspruch 1,
dadurch gekennzeichnet,

dass das dreidimensionale Blutbahnbild ein Farb-
bild ist.

Ultraschalldiagnosegerat nach Anspruch 1, ferner
enthaltend:

eine weitere Bilderzeugungseinheit (18), wel-
che ausgebildet ist, ein dreidimensionales Ge-
webebild unter Bezugnahme auf die originalen
Volumendaten zu erzeugen; und

eine Anzeigeeinheit (42), die ausgebildet ist,
das dreidimensionale Blutbahnbild und das drei-
dimensionale Gewebebild anzuzeigen.

Bildverarbeitungsprogramm zur Ausfiihrung in ei-
nem Computer zum Erzeugen eines dreidimensio-
nalen Blutbahnbildes unter Bezugnahme auf Bewe-
gungsvolumendaten (50), wobei das Bildverarbei-
tungsprogramm aufweist:

einen Programmbereich, der ausgebildet ist, ei-
ne Vielzahl von Objekten (52A, 54A, 56A, 58A,
60A, 62A), die in den Bewegungsvolumendaten
enthalten sind, zu spezifizieren und zu bestim-
men, ob jedes der Objekte, die spezifiziert wer-
den, einer Blutbahn (52, 54) entspricht, oder
nicht um dadurch Identifizierungsdaten zu ge-
nerieren;

einem Programmbereich, der ausgebildet ist,
Blutbahnvolumendaten (68) von den Bewe-
gungsvolumendaten (50) unter Bezugnahme
auf die Identifikationsdaten zu extrahieren; und
einem Programmbereich, der ausgebildet ist,
ein dreidimensionales Blutbahnbild unter Be-
zugnahme auf die Blutbahnvolumendaten (68)
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Zu erzeugen,

dadurch gekennzeichnet,

dass der Programmbereich, der ausgebildet ist,
eine Vielzahlvon Objekten (52A, 54A, 56A, 58A,
60A, 62A) zu spezifizieren, ausgebildet ist, ein
Objekt (52A, 54A, 56A, 58A, 60A), das grolRer
ist als eine vorbestimmte GroRe als eine Blut-
bahn (52, 54) zu identifizieren und ein Objekt
(52A, 54A, 56A, 58A, 60A), welches kleiner ist
als eine vorbestimmte GrofRe als Rauschen zu
identifizieren, das nicht einer Blutbahn (52, 52)
entspricht,

und

dass die Identifizierungsdaten dreidimensiona-
len Maskendaten entsprechen, die zum Entfer-
nen eines Rauschanteils in den Bewegungsvo-
lumendaten (50) verwendet werden, und

dass der Programmbereich, der ausgebildetist,
Blutbahnvolumendaten (68) aus den Bewe-
gungsvolumendaten (50) zu extrahieren, aus-
gebildet ist eine dreidimensionale Gatebearbei-
tung auf die Bewegungsvolumendaten (50) un-
ter Benutzung der dreidimensionalen Maskeda-
ten anzuwenden, und

dass der Programmbereich, der ausgebildet ist,
ein dreidimensionales Blutbahnbild zu erzeu-
gen, ausgebildet ist, eine Renderingbearbei-
tung auf die Blutbahnvolumendaten anzuwen-
den.

Revendications

Appareil de diagnostic a ultrasons, comprenant :

une unité (12) qui est apte a émettre et recevoir
des ondes ultrasonores en relation avec un es-
pace tridimensionnel (10) situé a I'intérieur d’un
organisme vivant et qui est apte a I'obtention de
données de volume originel ;

une unité de calcul (22) qui est apte a extraire
des informations de mouvement des données
de volume originel et qui est apte a générer des
données (50) de volume de mouvement ;

une unité d’identification (26, 30, 34) qui est apte
a définir une pluralité d’objets (52A, 54A, 56A,
58A, 60A, 62A) contenus dans les données de
volume de mouvement et a identifier un type
pour chacun des objets (52A, 54A, 56A, 58A,
60A, 62A) qui sont définis afin de générer ainsi
des données d’identification ;

une unité d’extraction (38) qui est apte a extraire
des données (68) de volume du systéme san-
guin a partir des données (50) de volume de
mouvement par référence aux données
d’identification ; et

une unité (40) formatrice d’'images qui est apte
a former une image tridimensionnelle du syste-
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me sanguin en faisant référence aux données
(68) de volume du systéme sanguin,
caractérisé en ce que

'unité d’identification (26, 30, 34) est apte a
identifier un objet (52A, 54A, 56A, 58A, 60A,
62A) qui estsupérieur a une taille prédéterminée
comme étant un systeme sanguin (52, 54) et a
identifier un objet (52A, 54A, 56A, 58A, 60A,
62A) qui est inférieur a la taille prédéterminée
comme étant un bruit qui n’est pas un systéme
sanguin (52, 54),

les données d’identification sont des données
de masque tridimensionnel qui sont utilisées
pour éliminer la partie bruit dans les données de
volume de mouvement,

I'unité d’extraction comprend une unité de trai-
tement de porte qui est apte a extraire les don-
nées de volume du systéme sanguin des don-
nées de volume de mouvement par application
aux données de volume de mouvement d’'un
traitement de porte tridimensionnelle en utilisant
les données de masque tridimensionnel, et
l'unité formatrice d'images est apte a appliquer
un traitement de rendu aux données de volume
du systeme sanguin.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, caractérisé en ce que I'unité d’identifica-
tion (26, 30, 34) est apte a identifier le type d’un objet
(52A, 54A, 56A, 58A, 60A, 62A) par référence a la
taille de chacun des objets (52A, 54A, 56A, 58A,
60A, 62A) qui sont définis.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, caractérisé en ce que I'unité d’identifica-
tion (26, 30, 34) comprend en outre une unité (30)
de traitement de labellisation qui est apte a appliquer
un traitement de labellisation tridimensionnelle aux
données (50) de volume de mouvement pour ainsi
définir la pluralité d’objets (52A, 54A, 56A, 58A, 60A,
62A).

Appareil de diagnostic a ultrasons selon la revendi-
cation 3, caractérisé en ce que I'unité d’identifica-
tion (26, 30, 34) comprend en outre une unité de
détermination qui est apte a déterminer si, ou non,
chaque objet (52A, 54A, 56A, 58A, 60A, 62A) est un
systeme sanguin (52, 54), par référence a une taille
de volume tridimensionnel de chaque objet (52A,
54A, 56A, 58A, 60A, 62A).

Appareil de diagnostic a ultrasons selon la revendi-
cation 4, caractérisé en ce que la taille du volume
tridimensionnel est le nombre de voxels qui est
compté dans le traitement de labellisation tridimen-
sionnelle.

Appareil de diagnostic a ultrasons selon la revendi-
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cation 3, caractérisé en ce que

I'unité d’identification (26, 30 34) comprend en outre
une unité (26) de traitement de binarisation qui est
apte a appliquer un traitement de binarisation aux
données (50) de volume de mouvement avant le trai-
tement de labellisation tridimensionnelle, et

les données de volume ayant été soumises au trai-
tement de binarisation sont introduites dans l'unité
(30) de traitement de labellisation.

Appareil de diagnostic a ultrasons selon la revendi-
cation 6, caractérisé en ce que I'unité (26) de trai-
tement de binarisation est apte a comparer chacun
des éléments de données de voxels formantles don-
nées (50) de volume de mouvement avec une valeur
de référence de discrimination afin de convertir cha-
cun des éléments de données de voxels en une va-
leur valide ou une valeur invalide.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, caractérisé en ce queles données d’iden-
tification sont des données (66) de masque tridimen-
sionnel qui sont utilisées pour extraire une partie sys-
teme sanguin (52, 54) dans les données (50) de vo-
lume de mouvement.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, caractérisé en ce que 'unité (40) forma-
trice d’'images est apte a afficher une pluralité de
rayons (70) par rapport aux données (68) de volume
du systéme sanguin afin de déterminer une valeur
de pixel basée sur une séquence de données de
voxels sur chaque rayon (70).

Appareil de diagnostic a ultrasons selon la revendi-
cation 9, caractérisé en ce que 'unité (40) forma-
trice d’images est apte a déterminer une valeur de
pixel concernant chaque rayon (70) au moyen d’'une
méthode de valeur maximale.

Appareil de diagnostic a ultrasons selon la revendi-
cation 10, caractérisé en ce que I'unité (40) forma-
trice d'images est apte a prendre un premier pic (76)
sur chaque rayon comme valeur maximale.

Appareil de diagnostic a ultrasons selon la revendi-
cation 11, caractérisé en ce que le premier pic (76)
correspond a une vitesse ou a une puissance sur
une portion centrale d’'un systéme sanguin (52) situé
sur la face avant la plus proche d’un point d’obser-
vation.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, caractérisé en ce que

les informations de mouvement sont des informa-
tions de vitesse ou des informations de puissance, et
les données (50) de valeur de mouvement sont com-
posées de I'information de mouvement correspon-
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dant a I'espace tridimensionnel (10).

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, caractérisé en ce que I'image tridimen-
sionnelle du systéme sanguin est une image en cou-
leurs.

Appareil de diagnostic a ultrasons selon la revendi-
cation 1, comprenant en outre :

une autre unité (18) formatrice d’'images qui est
apte a former une image tridimensionnelle d’'un
tissu par référence aux données de volume
d’origine ; et

une unité d’affichage (42) qui est apte a afficher
limage tridimensionnelle du systéeme sanguin
et 'image tridimensionnelle du tissu.

Programme de traitement d'images destiné a étre
exécuté dans un ordinateur pour former une image
tridimensionnelle d’'un systéme sanguin par référen-
ce a des données (50) de volume de mouvement, le
programme de traitement d'images comprenant :

une partie de programme qui est apte a définir
une pluralité d’objets (52A, 54A, 56A, 58A, 60A,
62A) contenus dans les données de volume de
mouvement et a déterminer si, ou non, chacun
des objets qui sont définis est un systéeme san-
guin (52, 54) pour ainsi générer des données
d’identification ;

une partie de programme qui est apte a extraire
des données (68) de volume du systéme san-
guin a partir des données (50) de volume de
mouvement par référence aux données
d’identification ; et

une partie de programme qui est apte a former
une image tridimensionnelle du systéme san-
guin en faisant référence aux données (68) de
volume du systéme sanguin,

caractérisé en ce que

la partie de programme qui est apte a définir une
pluralité d’objets (52A, 54A, 56A, 58A, 60A, 62A)
est apte a identifier un objet (52A, 54A, 56A,
58A, 60A, 62A) qui est supérieur a une taille
prédéterminée comme étant un systéme san-
guin (52, 54) et a identifier un objet (52A, 54A,
56A, 58A, 60A, 62A) qui est inférieur a la taille
prédéterminée comme étant un bruit qui n’est
pas un systéme sanguin (52, 54),

et

les données d’identification sont des données
de masque tridimensionnel qui sont utilisées
pour éliminer une partie bruit dans les données
(50) de volume de mouvement, et

la partie de programme qui est apte a extraire
les données (68) de volume du systéme sanguin
des données (50) de volume de mouvement est
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26

apte a appliquer aux données (50) de volume
de mouvement un traitement de porte tridimen-
sionnelle en utilisant les données de masque
tridimensionnel, et

la partie de programme qui est apte a former
une image tridimensionnelle du systéme san-
guin est apte a appliquer un traitement de rendu
aux données de volume du systeme sanguin.
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