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Ultrasonic diagnostic equipment which displays a high con-
trast ultrasonic image enhancing the outline structure of an
inspection object. More specifically, the motion vector of an
object occurring between images used for addition is mea-
sured using a captured ultrasonic image, deformation pro-
cessing is performed on accumulated addition image based
on the measurement, and then addition processing is pet-
formed by multiplying the acquired image and the accumu-
lated addition image by weighting coefficients.
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an apparatus for
displaying a high contrast ultrasonic image with reduced
speckle noise.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus that can nonin-
vasively pickup an image of an affected area in real time has
been widely used as a monitoring tool for initial diagnosis,
fetal diagnosis, and treatment at a clinic. In recent years,
portable ultrasonic diagnostic apparatuses have been devel-
oped, which facilitates emergency treatments with the appa-
ratus carried to the patient at any place in or out of hospitals.
In addition to the portable size of the apparatus, the easy
operation of the ultrasonic diagnostic apparatus promotes the
scalable network between a patient’s house and a hospital,
thereby the achievement of home medical care can be
expected in which the patient himself/herself transfers an
image ofhim/her to the hospital while operating the apparatus
for a remote diagnosis.

[0003] An ultrasonic image can be advantageously picked
up in a short period of time and displayed in real time, but
disadvantageously has a weak signal strength which indicates
a tissue structure relative to a noise level (low S/N ratio),
which often makes diagnosis of the image difficult. Thus, in
order to promote the accuracy in diagnosis and the informa-
tion sharing between a doctor and a patient, a technology for
displaying an image having more objective information in a
manner easy to understand is expected.

[0004] An ultrasonic image has mottles called speckles,
which is one of the factors that makes the diagnosis of an
image difficult. Spatial compound sonography is a method for
reducing the speckles and displaying a high quality ultrasonic
image. The speckles on a two dimensional ultrasonic image
(B-mode image) are the spatially standing signals which are
generated when the signals reflected from minute scatterers
interfere with each other, the scatterers being dispersed in an
object under inspection, and have a spatial frequency which is
lower than that of a signal indicating a structure of the object
under inspection. As a result, when a surface for image pickup
is moved in a slice direction by a distance which is equal to the
size of a speckle, the speckles randomly change on the image,
while the structure of the object under inspection does not
significantly change. If such images acquired at slightly dif-
ferent positions in the slice direction are added to each other,
the signals from the structure of the object under inspection is
enhanced at every addition, but the signals from the randomly
changing speckles become smoothed. As a result, an S/N ratio
between a speckle and the structure is improved, thereby a
high contrast image having an enhanced S/N ratio is con-
structed.

[0005] So far, a number of technologies for adding a plu-
rality of images and extracting specific information therefrom
have been reported, and a few of them will be explained
below.

[0006] Patent Document 1 describes a technology in which
aplurality of blood flow images (CFM: Color Flow Mapping)
are stored in a memory, and an operator selectively removes
frames which are used in an adding process among the dis-
played images, so that the remained images are added to
construct an image.
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[0007] Patent Document 2 relates to a technology in which
signals are received in an efficient and stable manner from a
contrast medium after a small amount of the contrast medium
is given, and the distribution of blood vessels can be clearly
imaged. An imaging of blood vessel information requires a
crush of the contrast medium which is flowing in the blood
using ultrasonic waves, and a construction of an image by
receiving strong nonlinear signals which are generated at the
crush. Because strong ultrasonic waves are necessary in
crushing a contrast medium, there is a problem that quite
different S/N's are generated between the area where the trans-
mission signals are focused and the other areas, and the image
by a contrast medium has non-uniformity in the direction of
its depth. To address the problem, in the technology described
in Japanese Patent Application Laid-Open No. 2002-209898,
the area where the transmission signals are focused are
changed in the depth direction at a number of stages to con-
struct a plurality of images which is called as a group of
multi-shot images, on which an adding process is performed.
In addition, a specific area of each frame of the group of
multi-shot images is weighted before the adding process.

[0008] Patent Document 1: Japanese Patent No. 3447150
[0009] Patent Document 2: Japanese Patent [Laid-Open No.
2002-209898

[0010] In constructing an image by performing an adding/

subtracting process on a plurality of images to enhance spe-
cific information of the images, and displaying the image in
real time, problems occur such as a shift of the position of a
subject, an increased time for processes, and an increased
memory.

[0011] The technology described in Patent Document 1,
which was made without consideration of any position shift
of an object under inspection, is hardly applied to an object
under inspection which is movable. In addition, an operator
selects an image to be used in an adding process, which makes
it impossible to display the image in real time. The technol-
ogy described in Patent Document 2 has another problem
that, in constructing and displaying one image in an adding
process, every frame to be added has to be stored in a memory
once, and the number of frames in the memory has to be larger
than that required in the adding process.

DISCLOSURE OF THE INVENTION

[0012] One object of the present invention is to provide an
ultrasonic diagnostic apparatus which displays a high con-
trast ultrasonic image with reduced speckles.

[0013] Another object of the present invention is to extract
information which changes over time. In the present inven-
tion, a weighting is applied to a cumulative added image, and
an operator controls the amount of information which
changes over time and is extracted from the images tobe used.
[0014] In order to achieve the above described objects, in
the ultrasonic diagnostic apparatus of the present invention, a
motion vector (information of stop-motion) of an object
under inspection which is generated between a captured
B-mode image and another B-mode image captured just
before the image is detected, and based on the detected
motion vector, an image transformation process is performed
while an image addition process is performed by multiplying
a weight factor, so that an enhanced image of an edge struc-
ture of the object under inspection is displayed.

[0015] Now, the structures of typical examples of an ultra-
sonic diagnostic apparatus according to the present invention
will be listed below.
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[0016] (1) An ultrasonic diagnostic apparatus which
includes: an ultrasonic transducer for transmitting/receiv-
ing an ultrasonic wave to be radiated to an object under
inspection; an ultrasonic image constructing unit for using
asignal of the received ultrasonic wave and constructing a
B-mode image which shows a transverse image of the
object under inspection; an image memory #1 for storing a
B-mode image f,_, of the next to the last frame; a measure-
ment region setting section for defining on animage f,_, at
least one region at which a motion vector of the object
under inspection is detected; a motion detector for detect-
ing a motion vector of the object under inspection which is
generated between the image f,_, and the image f ; an

added image generating section for generating a cumula-

tive added image which is constructed using images from
an image f; to an image £, ; an image transforming (cor-
recting) section for transforming (correcting) the cumula-
tive added image which is constructed using images from
an image f, to an image f,_, based on the detected result of
the motion vector; a weight parameter unit for multiplying
at least one of an acquired image and the cumulative added
image by a weight factor; an accumulation unit for per-
forming an adding process on the cumulative image and the
acquired image; an image memory #2 for storing a cumu-
lative added image constructed by the accumulation unit to

be used in an adding process performed on an image f,
which will be captured next; and a displaying section for
displaying the cumulative added image. Hereinafter, the
phrase “to transform an added image” includes a correction
of the added image based on a motion vector.

[0017] (2) The ultrasonic diagnostic apparatus according to
the above description (1) is characterized in that the detec-
tion of a motion vector is carried out between the acquired
B-mode image f, and the B-mode image f,_, ofthe next to
the last frame, and the adding process is performed by
using the acquired B-mode image f, as a reference image
and transforming the cumulative added image

which is constructed by the B-mode images of the previous

frames.

[0018] (3) The ultrasonic diagnostic apparatus according to
the above description (1) is characterized in that a new
added image is constructed by performing an adding pro-
cess in which the acquired image and the cumulative added
image is multiplied by a weight factor.

[0019] (4) The ultrasonic diagnostic apparatus according to
the above description (1) is characterized in that the weight
factor multiplied to the acquired image and the cumulative
added images is any value depending on an operator.

[0020] (5) The ultrasonic diagnostic apparatus according to
the above description (1) is characterized in that the weight
factor multiplied to the acquired image and the cumulative
added images is automatically adjusted by a correlation
value which is calculated in the detection of the motion
vector, and for example, in a case with a larger motion of
the object under inspection, the weight factor is set to be 0
for an acquired image.

[0021] According to the present invention, a high contrast

image in which an edge structure of tissues is enhanced and
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the speckle noise is reduced is achieved, thereby an ultrasonic
image having high visibility can be displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a block diagram showing a structure of an
ultrasonic diagnostic apparatus of Example 1 according to the
present invention;

[0023] FIG. 2 is a flowchart illustrating processes from a
capturing of a B-mode image to a displaying of a cumulative
added image in the ultrasonic diagnostic apparatus of
Example 1;

[0024] FIG. 3 is a diagram illustrating an approach for
detecting a motion vector in the ultrasonic diagnostic appa-
ratus of Example 1;

[0025] FIG. 4is a diagram illustrating an image process for
constructing a new cumulative added image using an
acquired image and a cumulative added image of the previous
frames in the ultrasonic diagnostic apparatus of Example 1;
[0026] FIG. 5 is a flowchart illustrating a process for per-
forming a detection of a motion vector at a high speed in the
ultrasonic diagnostic apparatus of Example 1;

[0027] FIG. 6 is a diagram illustrating an approach for
detecting a motion vector in the ultrasonic diagnostic appa-
ratus of Example 1;

[0028] FIG. 7is a diagram showing a weight factor of each
frame for constructing a camulative added image in the ultra-
sonic diagnostic apparatus of Example 1;

[0029] FIG. 8is a diagram showing an example of a trans-
ducer or ultrasonic diagnostic device having a dial for adjust-
ing a weight factor (c.,p) in the ultrasonic diagnostic appara-
tus of Example 1;

[0030] FIG. 9is a diagram showing an example of a trans-
ducer or ultrasonic diagnostic device having a combination of
dial and button which adjusts and also refreshes a weight
factor (o, ) in the ultrasonic diagnostic apparatus of
Example 1;

[0031] FIG. 10 is a diagram showing an example of a bi-
plane display in which a B-mode image and an added image
are displayed side by side in the ultrasonic diagnostic appa-
ratus of Example 1;

[0032] FIG. 11 is ablock diagram showing a structure of an
ultrasonic diagnostic apparatus of Example 2;

[0033] FIG. 12 is ablock diagram showing a structure of an
ultrasonic diagnostic apparatus of Example 3;

[0034] FIG. 13 is a diagram illustrating a unit image which
is constructed with five images in the ultrasonic diagnostic
apparatus of Example 3; and

[0035] FIG. 14 is a diagram showing weight factors for five
unit images and one image in the ultrasonic diagnostic appa-
ratus of Example 3.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0036] Now, examples of the present invention will be
explained in detail below with reference to the drawings.

Example 1

[0037] FIG. 1 is a block diagram showing a structure of an
ultrasonic diagnostic apparatus of one example according to
the present invention.

[0038] In an ultrasonic diagnostic apparatus of the present
example, a two dimensional ultrasonic image (hereinafter,
referred to as a B-mode image) is constructed by transmitting/
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receiving ultrasonic waves to and from an object under
inspection, and then a region on the B-mode image in which
a motion vector of the object under inspection is detected is
defined, so that a motion vector generated between a currently
captured B-mode image and a B-mode image of the next to
the last frame is detected in every measurement region, and
based on the motion vector, a cumulative added image is
transformed (corrected), which is multiplied by a weight fac-
tor and added to the captured B-mode image, thereby a new
cumulative added image is constructed and displayed on a
displaying section in real time.

[0039] First, with reference to the block diagram of FIG. 1,
description will be made below to the structure of the appa-
ratus starting from a construction of a B-mode image in an
ultrasonic image constructing unit up to a display of an added
image after an image adding process with position correction.
[0040] An ultrasonic transducer (hereinafter, referred to as
atransducer) 2 is configured with a plurality of piezo-electric
devices which are arranged in parallel to each other. An ana-
log signal is transmitted from a transmitting beamformer 3 to
each of the piezo-electric devices through a D/A converter 4,
which cases ultrasonic waves to be radiated to an object under
inspection 1. The ultrasonic waves transmitted from each of
the piezo-electric devices are electronically delayed by the
transmitting beamformer 3 to be focused at a predefined
depth. The signal of the transmitted waves is reflected within
the object under inspection 1 to be received at each of the
piezo-electric devices in the transducer again. The reflected
echo received by each of the piezo-electric devices includes
attenuated components which are variable depending on the
depth where the transmitted waves reach and are corrected at
a’TGC (Time Gain Control) section 5, and then is converted to
a digital signal at an A/D converter 6 to be transmitted to a
receiving beamformer 7.

[0041] At the receiving beamformer 7, a result of addition
is output after a multiplication by a delay time corresponding
to a distance from a focal point to each of the piezo-electric
devices. The focused ultrasonic waves are two dimensionally
scanned to obtain a two dimensional distribution of the
reflected echo from the object under inspection 1. The receiv-
ing beamformer 7 outputs an RF signal having a real part and
animaginary part which are sent to an envelope detector 8 and
a measurement region setting section 11. The signal sent to
the envelope detector 8 is converted into a video signal, and is
compensated between the scan lines therein by a scan con-
verter 9, so as to construct a B-mode image, that is two
dimensional image data.

[0042] The constructed B-mode image is sent to a motion
detector 10. At this point of time, in an image memory #1 11,
a B-mode image of one frame before the B-mode image
which is captured in the motion detector 10 is stored. When
the constructed B-mode image is the image of the first frame,
the image is not processed at the motion detector 10 but
passes there through, to be input into the image memory #1
11. On the stored B-mode image in the image memory #1 11,
a measurement region having the most appropriate size at
which a motion vector is detected is defined by a measure-
ment region setting section 12 depending on the size of the
structure of the subject under inspection. After the definition
of the measurement region, the B-mode image is sent to the
motion detector 10. At the motion detector 10, the B-mode
image from the measurement region setting section 12 and the
B-mode image from the scan converter 9 are used to detect a
motion vector in the measurement region. An approach for
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detecting a motion vector is a cross correlation method or a
least square method. In a deformation unit 13, based on the
motion vector detected in the motion detector 10, a cumula-
tive added image which is read out from an image memory #2
14 is transformed. In a weight parameter unit 16, the acquired
image and the cumulative added image are multiplied by a
weight factor, and in the accumulation unit 13, the acquired
image and the cumulative added image are added. The cumu-
lative added image constructed in the accumulation unit 13 is
once stored in an image memory #2 14 and then displayed on
the displaying section 15. The cumulative added image stored
in an image memory #2 14 is sent to the accumulation unit 13
via the weight parameter unit 16 when a next adding process
is performed.

[0043] Next, in accordance with the flowchart of FIG. 2,
steps from obtaining of a B-mode image to displaying a
cumulative added image will be explained in detail below.
FIG. 4 is a block diagram showing a flow of the image pro-
cesses.

[0044] First, at Step 1, a B-mode image f, is constructed.
When the constructed B-mode image f, is the first image
(n=1), the image f, is stored in the image memory #1 11 (Step
2), and a next B-mode image is captured (FIG. 4-41). Simul-
taneously with the sending of the image f, (n>1)to the motion
detector, the image f,_, of the next to the last frame which is
stored in the image memory #1 11 is read in (Step 3) and a
region on the image at which a motion vector is detected is
defined (Step 4). Subsequently, using the image f, and the
image f,_;, a motion vector generated between the images is
detected for each defined measurement region (Step 5, FIG.
4-42). Next, a cumulative added image

of the images of the first to n-1* frames is read in from the
image memory #2 14, which is subjected to a transformation
process based on the motion vector detected at Step 5 (Step 9,
FIG. 4-43). Then, the cumulative added image after the trans-
formation process is subjected to a weighting process in
which the cumulative added image is multiplied by a certain
weight factor (Step 10). The cumulative added image

subjected to the transformation process and the weighting
process is then subjected to an adding process at the accumu-
lation unit 13 using the image f, as a reference (Step 6, FI1G.
4-44). The new cumulative added image

Bl

o

constructed as described above is stored in the image memory
#2 14 (Step 7), to be displayed on the displaying section 15
(Step 8).
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[0045] An approach for defining a measurement region at
Step 4 will be explained below by way of FIG. 3.

[0046] Inthe presentinvention, a plurality of measurement
regions 24 are defined in a B-mode image (f,_,) 25, and one
measurement region which best matches with each of the
measurement region 24 is searched out from an acquired
B-mode image (f,) 21 using a cross correlation method or a
least square method. Any motion within each one measure-
ment region is reckoned as arigid body motion without trans-
formation, and individual motion vectors obtained in each of
the measurement regions are combined, so that the entire
motion of the object under inspection with transformation is
detected. The measurement regions are defined in the B-mode
image (f,_,) 25 so as to make the regions uniform, the regions
being used in an adding process using a weight factor, which
will be explained later. A weight factor is set to be large
relative to an added image. On the contrary, if measurement
regions are defined in the acquired B-mode image (f,) 21, the
regions extracted from an added image include an added
region and a non-added region having speckles. Thus, an
adding process using such regions causes the speckles to
round up by a weight factor, which produces artifact.

[0047] The signal components used in a detection can be
generally classified in two types: low frequency components
for example at edge structures or boundaries between tissues
of an object under inspection; and speckles of high frequency
components due to the interferences between ultrasonic
waves which are scattered by the minute scatterers dispersed
in the object under inspection. In the present invention, these
two types are not distinguished from each other, and the
measurement regions are defined all over an image to calcu-
late motions. When a B-mode image is used to detect a motion
between images, the speckle of high frequency components
not only enhances the accuracy in detection of a motion
vector, but also enables the detection of a motion at a sub-
stantial site of tissues that has no characteristic structure. A
measurement region should have a size larger than a speckle
which is the minimum element of a B-mode image, and is
defined to have a size about twice to three times that of the
speckle. As for the abdominal tissues such as a liver or a
kidney, a measurement region of about 5x5 mm? is defined.

[0048] For the definition of a measurement region, alterna-
tively, an approach for defining measurement regions having
different sizes for different tissue parts may be used. A mea-
surement region should have a smaller size to obtain a higher
detection resolution of a motion vector, but in this case, the
number of the regions is naturally increased, which increases
the processing time required for the detection. Therefore, a
measurement region which includes a characteristic structure
such as an edge of tissues is defined to have a larger size in
accordance with the spatial frequency in the region than the
other regions. For example, in FIG. 3, when a measurement
region is defined in an image 25 including liver tissue 22 and
vascular structure 23 in the liver tissue, a measurement region
26 including a vascular structure is defined to have a larger
size than that of peripheral measurement regions 24 that have
no characteristic structure. A measurement region including a
tissue boundary or a measurement region with a large trans-
formation has a correlation value lower than those of periph-
eral areas, which makes the detection of amotion vector of the
tissue difficult. Thus, another approach may be used to rede-
fine a measurement region having a low correlation value to
have a size which is no more than twice that of a speckle.
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[0049] Next, a specific approach for a motion vector detec-
tion at Step 5 and an image adding process at Step 6 will be
explained below by way of FIGS. 5 and 6. The detection of a
motion vector is carried out using a captured image {, and an
imagef,_, ofthe next to the last frame. The process flow of the
motion vector detection will be explained below by way of the
flowchart shown in FIG. 5. First, a measurement region in
which a motion vector is detected is defined in the image f,_;
using the approach described above (Step 1). Actually a plu-
rality of measurement regions are defined all over the screen,
but in FIG. 5, among the regions, only one measurement
region 51 is shown as the one having a size of (i,j). Next, a
search region f' 52 for searching for a region which best
matches most with the measurement region f,_,' 51 is defined
in the image ' (Step 2). The search region f," 52 is defined to
be as small as possible in consideration of the speed at which
an object under inspection moves and a frame rate. In the case
of a liver which is affected by breathing at a frame rate of
20-30 frames/sec, a detection of a motion vector can be car-
ried out when a region is defined to have a size of (1+20, j+20)
which is larger than the measurement region f,_,' 51 by 10
pixels from each side of the measurement region f,_,' 51.
Next, a low-pass filter is applied to the measurement region
f,_,' 51 and the search region f,' 52 (Step 3), so that a deci-
mation process is performed for every pixel to eliminate
picture elements (Step 4). The low-pass filter process pre-
vents aliasing between picture elements due to a subsequent
decimation process, which can reduce the process time
required for a region search to about one fourth. A specific
method of the decimation process will be explained below by
way of FIG. 6. Within the search region f,' 55 after being
subjected to the decimation process, the measurement region
f,_,' 54 also after the decimation process is scanned pixel by
pixel so as to search for the position having the minimum
correlation value ¢ which is defined by the following equation
(1) or (2), so that a motion vector V57 is detected (Step 5).

(equation 1)

20 20
= ; g Ak, D= fiy (k, D)

20 20 (equation 2)

= 3" YAk D= £tk D)

k=1 I=1

[0050] Thesymbol || in the equation 2 represents an abso-
lute value. The detection of a motion vector using the image
after a decimation process may include a detection error of +1
pixel. To eliminate the error, a measurement region 56 is
redefined from the image f, by moving the measurement
region 51 from the original position by the motion vector V57,
and the search region 55 is redefined from theimage f,_, tobe
larger than the measurement region 56 by 1-2 pixels from
each side of the measurement region 56 (Step 6). The rede-
fined measurement region 56 and the search region 55 are
used to detect again a motion vector V2 using the similar
approach as that at Step 5 (Step 7). Through the above
described processes, the motion vector to be corrected in an
adding process eventually has a value of (2xV)+V2) with a
use of the motion vector V57.

[0051] An adding process transforms a cumulative added
image which is constructed with images of from the first
frame to the next to the last frame and adds it to a captured
image. The adding process is performed with an acquired
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image as a reference, thereby the tissues are positioned in the
same relationship with the cumulative added image

n-1
fi

i=1

and the image f,_,. After the detection of the motion vector,

the cumulative added image of from the first frame to the

n-1% frame

n-1
fi
i=1
is read in from the added images storing section 14 to the
weight parameter unit 16 to be multiplied by a weight factor,
which is input to the accumulation unit 13 to be subjected to
atransformation process using the motion vector ((2xV)+V2)
detected in the motion detector. The weighting to the cumu-
lative added image

n-1
fi

i=1

after the transformation process is carried out in a form

expressed as the following equation 3 which uses a weight

factor (a,p3), so as to construct a new cumulative added image.

(equation 3)

[0052] When the equation 3 is expanded to indicate the
factors for each of the frames which construct the cumulative
added image, the following equation 4 can be obtained.

n (equation 4)
D f=a fi v B+ A v aBho + B,

i=1

[0053] The weight factor of each frame which can be
obtained by the equation 4 is an important parameter to deter-
mine the effect of addition. FIG. 7 shows the weight factor of
each frame, where (c.,3)=(0.95, 0.05), (0.90,0.1), (0.85, 1.5),
(0.8, 0.2), and n=80. With a larger « value (e.g., @=0.80), the
weight factor rapidly increases at the 70% to 80% frames,
resulting in a modest effect in edge enhancement or speckle
removal. However, as to the first to 707 frames, due to the
extremely low weight factor, the residual detection error
which generated in the past is reduced. To the contrary, with
a smaller o value (e.g., @=0.95), the graph extends more
horizontally than the case with a larger o value, and the
weight factor of each frame is similar to each other. Many
frames affect the cumulative added image, which provide a
larger adding effect but also cause the detection error in the
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past in any one frame to be remained in the resulting cumu-
lative added image. The most appropriate level of edge
enhancement or speckle removal depends on an operator or a
subject under inspection. Therefore, the value (ct,f) is set to
have an initial value (0.85, 0.15) so that an operator can
change the value (o,f) as needed. The initial value can be
changed to any by an operator. In order to change the o value
in operation, as shown in FIG. 8, a dial 82 attached to a
transducer 81 or a dial 84 mounted to a diagnostic device 83
may be rotated, for example. In changing, the current ¢ value
is displayed on the screen of the diagnostic device. The above
described weight factor is intended to adjust the effect in
addition by its multiplication to both a cumulative added
images and an acquired image, and is not limited to the
manner expressed in the equation 3, thereby various factor
types may be used such as the number of weight factors and
multipliers of weight factors.

[0054] There can be several method for controlling a
weight for a cumulative added image and controlling any
residual error. In a first method, an operator manually adjusts
a dial. When an operator moves a transducer by a consider-
able distance to search for a region of interest, the a value is
set to be low so as to display an image similar to an ordinary
B-mode image, so that the o value is increased for inspecting
the region of interest. Also, when the operator wants to delete
any residual error, the o value may be temporarily set to be
low so as to reduce the artifact due to the detection error. Ina
second method, the o value is automatically controlled in
accordance with the size of a detected motion vector. When
the equation 1 and the equation 2 have the value ¢ which is
larger than a predetermined threshold, the o value is auto-
matically decreased and the residual error is reduced. In other
words, the second method is the automated first method. In a
third method, a refresh button (delete button) is provided so
that a diagnostic device or transducer causes the added
images to be deleted from a memory to perform an adding
process again from the first frame. The button allows an
operator to eliminate any residual error to 0 as needed. A press
down of'the refresh button causes the value a=0to be input in
an adding process. The refresh button may be provided sepa-
rately from a dial which changes the ¢ value shown in FIG. 8,
but in terms of complexity and convenience of the apparatus,
as shown in FIG. 9, the apparatus can be operated most easily
when an image is refreshed by a press-in of a dial 91 or a dial
92 provided on the transducer 81 or the diagnostic device 83
for changing the o value. When an adding process is per-
formed on the images from the first frame by the refresh
button, speckles suddenly become evident, which may make
the observation difficult for some operators. Thus, the o value
by the refresh button can be set as needed by an operator.
[0055] Theadded image may be displayed all over a screen,
but as shown in FI1G. 10, a B-mode image 101 and an added
image 102 may be displayed as bi-plane images side by side.
Also, in the explanation of the above example, a B-mode
image is used as an ultrasonic image, but the ultrasonic waves
diagnostic apparatus of the example 1 may be applied to any
image including a THI (Tissue Harmonic Image) in which
high frequency components are selectively imaged and a
CFM (Color Flow Mapping) image in which a blood flow is
imaged.

Example 2

[0056] A second example of the present invention will be
explained below. The second example is characterized in that,
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during the motion detection process and the adding process
shown in the first example, an added image is constructed
with the certain number of frames in another memory, and
when an operator uses the refreshing function, the certain
number of added frames can be displayed as a cumulative
added image.

[0057] The structure of the apparatus will be explained
below by way of the block diagram shown in FIG. 11. The
processes for constructing added images which include a
construction of a B-mode image, a motion vector detection
process, and an image addition process are similar to those in
the above example 1. In the second example, in addition to the
structure of the apparatus of the first example shown in FIG.
1, the apparatus further includes a refreshing image memory
#1 17, a motion vector memory 18, an image subtraction unit
19, and a refreshing image memory #2 20.

[0058] The number of frames for constructing a refreshing
added image depends on the number of memories that can be
loaded, but the present example will be explained below with
five frames.

[0059] As in the case of the example 1, an image of the
frame which is captured just before the current image s stored
in the image memory #1 11 for a detection of a motion vector,
but in the example 2, four images in total of two to five frames
before the current image are stored in the refreshing image
memory #1 17.

[0060] After a capture of an image is started, and as the
motion vector detection process and the image addition pro-
cess progress and a cumulative added image

5

>k

i=1

of the five frames is constructed at the accumulation unit 13,
the cumulative added image passes through the image sub-
traction unit 19, and is stored in the refreshing image memory
#2 20. The result of a motion vector detection of each image
in the motion detector 10 is stored in the motion vector
memory 18. Also, as the image data stored in a B-mode image
memory at this stage, an image fs is stored in the image
memory #1 11 and the images f,, {5, f;, and f, are stored in the
refreshing image memory #1 17.

[0061] Next, when a new image f; is captured into the
accumulation unit 13 through the motion detector 10, and a
cumulative added image

fi

6
pry

i

is constructed, the cumulative added image

fi

6
i=1
is stored in the image memory #2 14 and at the same time, is
input into the image subtraction unit 19. At this point of time,

the image f is input from the image memory #1 11 into the
refreshing image memory #1 17, and at the same time, the
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image f, is output to the image subtraction unit 19. In the
image subtraction unit 19, a subtraction process is performed
to subtract the image f; from the added images

6
i=1
Actually, the image f| itself is not subtracted, but the infor-
mation of the image f; of what is done to the image f, from an
adding process of the image f| to the addition of the image
including a transformation process is subtracted. Since the
information of misalignment between images is stored in the
motion vector memory 18, an addition of such information
forms a transformation history of a specified image. Thus,
when all of the motion vectors detected in the motion detector
10 in the image f, to image f,; are added, and the image {, is
transformed based on the adding result, the image f; is con-
structed as it is included in the added images

fi

6
i=1

When the transformed image f; is subtracted from the cumu-
lative added image

e

an added image

6
fi

i=2

constructed with five frames from the second to sixth frames

for refreshing is constructed. The added image

6

P

=2

is stored in the refreshing image memory #2 20. Because the
image f, will be subtracted in the next procedure, the motion
vector detected between the image f, and the image f, is
deleted from the motion vector memory 18.

[0062] Through the above described steps, an added image
of five frames from an acquired image is constantly stored in
the refreshing image memory #2 20. And when the refresh
function is activated, the refreshing added image is displayed
on the displaying section 15 instead of the cumulative added
image stored in the image memory #2 14, so that the refresh-
ing added image is stored in the image memory #2 14 as a new
cumulative added image.

Example 3

[0063] A third example of the present invention will be
explained below. The third example is characterized in that,
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an added image of acquired and cumulative added images is
divided in a plurality of unit to construct unit images, and a
weight factor is assigned to each unit image, so that an added
image which is effective in addition and has reduced residual
error is displayed.

[0064] The structure of the apparatus is shown in FIG. 12.
Now, the processing steps will be explained below on the
assumption that the number of frames an operator predeter-
mines to add is 30, and that the number of the images for
constructing a unit is five.

[0065] The step for detecting a motion vector by using an
image f, input from an ultrasonic image constructing unit and
an image f,_, of one frame before the image f, is similar to
those in the above examples 1 and 2. However, in the present
example 3, when an added image of five frames is constructed
in the accumulation unit 13, the image is stored in the unit
image memories 203 as a unit image. That is, for example,
when the adding process for a 267 image f, is finished, five
unit images

10 15 20 25

NI DI DWW

i=1 i=6 =11 =16 i=21

are stored in total in the unit image memories 203 (FIG. 13).

[0066] When the image f,¢ is input into the accumulation
unit 13, the five unit images stored in the unit image memories
203 are captured in a deformation unit 204, where a transfor-
mation process is performed based on a motion vector
detected in the motion detector 10. The image subjected to the
transformation process is input to the weight parameter unit
16 to be multiplied by a weight factor together with an
acquired image f,, on which an adding process is performed
in an accumulation unit 13 as expressed by the following
equation 5. The adding process is performed by multiplying
each of the five unit images and the captured image f,s by a
predetermined weight factor, and for example when the
weight factor is set to be (0.02, 0.03, 0.1, 0.27, 0.325, 0.35),
the distribution of the weight factors of each unit image
relative to the added images can be shown by the graph of
FIG. 14.

(equation 5)

26 5 10
D fi=a)y i+BY fi+y
i=1 i=1 i=6

15 20 25

D hH0Y fHe) fi+lhs

i=11 =16 =21

(@+B+y+d+e+l=1)

[0067] When a 31% image L3, is captured, a newly con-
structed unit image

30
Dk

=26
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is stored in the unit image memories 203 and also the existed
unit image

2,

i=

S
fi
1
is deleted, so that a next adding process is performed on a unit
image

Each unit image used in the adding process is subjected to a
transformation process in the accumulation unit 13, which is
stored again in the unit image memories 203.

[0068] As described above, each unit is multiplied by a
weight factor, which enables an automatic reduction of
residual errors while the adding effect being maintained. And
in accordance with the detection result of motion vector, a
weight factor for a certain unit can be automatically con-
trolled, for example a smaller weight factor for a unit with a
larger detection error.

[0069] Intheexplanation of the above example, the number
of the added frames is 30 and the number of images for
constructing a unit is five, but as described in the example 1,
an adjustment of a weight factor in accordance with the
motion size of an object under inspection enables a control of
an adding effect and residual error as needed. Moreover, the
smaller number of the images for constructing a unit enables
a control of a weight factor on a frame basis, which enables a
control of an adding effect as needed, and also a removal of a
specific frame with large error from an adding process.

1. A diagnostic imaging apparatus, characterized in that it
comprises:

a transducer for transmitting/receiving an ultrasonic signal
atameasurement region of an object a plurality of times;

an image data generating section for generating image data
based on a plurality of signals received by the trans-
ducer;

an image data storing section for storing the image data;

an added image generating section for generating added
image data by adding the plurality of image data;

abody movement information detecting section for detect-
ing body movement information of the subject from at
least one image data among the plurality of image data;

an image correcting section for generating corrected image
data by correcting the added image data based on the
body movement information;

an image processing section for generating display image
data by applying a weight factor to at least one of the
corrected image data and the image data and adding each
of them; and

a displaying section for displaying an image to be dis-
played based on the display image data.

2. A diagnostic imaging apparatus, characterized in that it

comprises:

atransducer for transmitting/receiving an ultrasonic signal
at ameasurement region of an object a plurality of times;

an image data generating section for generating image data
corresponding to the plurality of signals based on each
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of a plurality of signals from the first to n” signals which
are received by the transducer;

an image data storing section for storing the image data;

an added image generating section for generating added
image data by adding image data that individually cor-
respond to the first signal to a (n-1)" signal;

an added image data storing section for storing the added
image data;

abody movement information detecting section for detect-
ing body movement information of the subject from
image data that individually correspond to the (n-1)*
signal and the n” signal;

an image correcting section for generating corrected image
data by reading out the added image data and the body
movement information from the added image data stor-
ing section and the body movement information detect-
ing section, respectively, and correcting the added image
data based on the body movement information;

an image processing section for generating display image
data by applying a weight factor to at least one of the
corrected image data and the image data corresponding
to the n™ signal and adding each of them; and

a displaying section for displaying based on the display
image data.

3. An ultrasonic diagnostic apparatus, characterized in that

it comprises:

a unit that includes an ultrasonic transducer for transmit-
ting/receiving an ultrasonic wave to an object under
inspection;

an image memory #1 for storing a two dimensional ultra-
sonic image f,_, of an (n-1)" frame;

a measurement region setting section for defining at least
one region for detecting a motion vector of the object
under inspection;

a motion detector for detecting a motion vector of the
object under inspection from the image f, , and a two
dimensional ultrasonic image f, of an n frame;

an added image generating section for generating an added
image by adding a plurality of two dimensional ultra-
sonic images from a two dimensional ultrasonic image
f, of the first frame to the two dimensional ultrasonic
image f _;

an image correcting section for correcting the added image
based on the motion vector;

a weight parameter unit for multiplying at least one of the
added image and the image f, by a weight factor;

an accumulation unit for constructing a new added image
by performing an adding process on the image f,, and the
added image after the multiplication of the weight fac-
tor;

an image memory #2 for storing the added image; and

a displaying section for displaying an added image con-
structed at the accumulation unit.

4. The ultrasonic diagnostic apparatus according to claim
2, characterized in that the measurement region setting sec-
tion defines the region on the image f,_,.

5. The ultrasonic diagnostic apparatus according to claim
2, characterized in that

the motion detector detects the motion vector between a
two dimensional ultrasonic image of the currently
acquired frame and a two dimensional ultrasonic image
of one frame before the currently acquired frame,

the image correcting section corrects the added image
based on the detection result of the motion vector, and
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the accumulation unit performs an adding process by mul-
tiplying a two dimensional ultrasonic image of the cur-
rently acquired frame and the added image by a certain
weight factor.

6. The ultrasonic diagnostic apparatus according to claim

3, characterized in that the detection of the motion vector is
carried out to the two dimensional ultrasonic image of the
currently acquired frame and the two dimensional ultrasonic
image of one frame before the currently acquired frame, and
based on the detected motion vector, the added image which
is constructed with two dimensional ultrasonic images of
from the first frame to the next to the last frame is trans-
formed, and an adding process is performed on the acquired
image so as to construct a new added image.

7. The ultrasonic diagnostic apparatus according to claim
3, characterized in that a weight factor is provided in the
adding process to the currently acquired two dimensional
ultrasonic image and the added image, and an adding process
is carried out by multiplying both of the images by the certain
weight factor.

8. The ultrasonic diagnostic apparatus according to claim
3, characterized in that the weight factor is automatically
adjusted in accordance with a correlation value which indi-
cates a detection accuracy of the motion vector.

9. The ultrasonic diagnostic apparatus according to claim
3, characterized in that it further comprises a dial for changing
the weight factor.

10. The ultrasonic diagnostic apparatus according to claim
9, characterized in that the displaying section displays the
value of the weight factor changed by the dial.

11. The ultrasonic diagnostic apparatus according to claim
3, characterized in that it further comprises deleting means for
setting a weight factor for the added image to be 0.

12. An ultrasonic diagnostic apparatus, characterized in
that it comprises:

a vnit that includes an ultrasonic transducer for transmit-
ting/receiving an ultrasonic wave to an object under
inspection;

an image memory #1 for storing a two dimensional ultra-
sonic image f,_, of an (n-1)" frame;

an image memory #1 for storing images (f,_,, f,_5, . . .,
f,_,) of from the second to an (n—i)” frame;

a measurement region setting section for defining at least
one region for detecting a motion vector of the object
under inspection;

a motion detector for detecting a motion vector of the
object under inspection from a two dimensional ultra-
sonic image f,_, anda two dimensional ultrasonic image
f, of the n frame;

a motion vector memory for storing the detected motion
vector;

an added image generating section for generating an added
image by adding a plurality of two dimensional ultra-
sonic images from a two dimensional ultrasonic image
f, of the first frame to the image f,_|;

an image correcting section for correcting the added image
based on the motion vector;

a weight parameter unit for multiply at least one of the
added images and the image f, by a weight factor;

an accumulation unit for performing an adding process on
the image f, and the added image after the multiplication
of the weight factor to construct a new added image;

an image memory #2 for storing the added image con-
structed at the accumulation unit;
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an image subtraction unit for subtracting the past image
from the added image to construct a refreshing added
image which is constructed with a certain number of
added images;

a refreshing image memory #2 for storing the refreshing
added image; and

a displaying section for displaying the added image.

13. The ultrasonic diagnostic apparatus according to claim
12, characterized in that the measurement region setting sec-
tion defines the region on the image f,_,.

14. The ultrasonic diagnostic apparatus according to claim
12, characterized in that an activation of the refresh function
causes the certain number of added images to be displayed as
an added image.

15. The ultrasonic diagnostic apparatus according to claim
12, characterized in that an adding process is carried out on
the detected motion vector between the images, so that a
transformation history of the image is calculated before a
subtraction process to remove information only of a specific
image from a cumulative added image.

16. An ultrasonic diagnostic apparatus, characterized in
that it comprises:

a unit that includes an ultrasonic transducer for transmit-
ting/receiving an ultrasonic wave to an object under
inspection;

an image memory #1 for storing a two dimensional ultra-
sonic image f,_, of an (n-1)" frame;

a measurement region setting section for defining at least
one region for detecting a motion vector of the object
under inspection;

a motion detector for detecting a motion vector of the
object under inspection from the image f,_, and a two
dimensional ultrasonic image f,, of an n” frame;

unit image memories for storing a unit image which is
constructed by adding any number of images;
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an image correcting section for correcting the unit image

based on the motion vector;

a weight parameter unit for multiplying at least one of the

unit image and the image f,, by a weight factor;

an accumulation unit for performing an adding process on

the image f, and the unit image after the multiplication
of the weight factor to construct a new added image; and

a displaying section for displaying the added image con-

structed at the accumulation unit.

17. The ultrasonic diagnostic apparatus according to claim
16, characterized in that the measurement region setting sec-
tion defines the region on the image f_,.

18. The ultrasonic diagnostic apparatus according to claim
16, characterized in that the unit image memories store the
plurality of unit images, and the weight parameter unit mul-
tiplies at least one of the plurality of unit images by a weight
factor.

19. The ultrasonic diagnostic apparatus according to claim
16, characterized in that the weight parameter unit multiplies
the weight factor so that the image information in the past is
deleted.

20. The ultrasonic diagnostic apparatus according to claim
16, characterized in that the unit image memories store the
plurality of unit images, and the image correcting section
corrects each of the plurality of unit images.

21. The ultrasonic diagnostic apparatus according to claim
16, characterized in that the unit image memories store the
plurality of unit images, and the weight parameter unit mul-
tiplies each of the plurality of unit images by a weight factor.

22. The ultrasonic diagnostic apparatus according to claim
16, characterized in that the unit image memories store the
plurality of unit images, and the weight parameter unit sets a
weight factor for a certain unit to be low or high based on the
detection result of the motion vector.

% ok ok sk ok



RiES

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

FRI&RBHA

RBA

S\EReERE

BE@®F)

BEHNRE

US20090306505A1

US12/161960

=JIHIDEKI
AZUMA TAKASHI
HAYASHI TATSUYA

= JIIHIDEKI
AZUMA TAKASHI
HAYASHI TATSUYA

=JIHIDEKI
AZUMA TAKASHI
HAYASHI TATSUYA

YOSHIKAWA HIDEKI
AZUMA TAKASHI
HAYASHI TATSUYA

YOSHIKAWA, HIDEKI
AZUMA, TAKASHI
HAYASHI, TATSUYA

A61B8/14

patsnap

Fr (N4 2009-12-10
g H 2006-12-25

AB61B5/7475 A61B8/08 A61B8/463 G01S7/52084 G01S7/52074 G01S7/52077 A61B8/5276

2006044649 2006-02-22 JP

Espacenet USPTO

BEZHRE  HETSNLEBRFEG  BELENRNEEBEN,
EEAH  FRABRNBEFREGUELATARNNEGZEHAHNR
HzFRE , ETNENRRNWFMEERIITERAE , RAEEL/IKR
WHEGES KRN EGMERRIITINELE, B IRRZBFNE S,

ULTRASONIC IMAGE CONSTRUCTING UNIT
TRANSMITTING -
BEAMFORMER

D/A CONVERTER 4

1 P2

2

OBJECT
UNDER - ULTRASONIC
INSPECTION, T TRANSDUCER

A/D CONVERTER

7

9
0

RECEIVING
BEAMFORMER

8

ENVELOPE

IMAGE MEMORY_#1 | ENVECoRE

12

IMAGE MEASUREMENT REGION
DA‘I(’SA | SETTING SECTION

SCAN CONVERTER

10

MOTION DETECTOR =
16 ] IMAGE DATA  *--mmmmomoomoooe
MOTION [ WEIGHT PARAMETER UNIT |
VECTOR

13
DEFORMATION ACCUMULATION
UNIT UNIT
l 14 15

IMAGE DISPLAYING
MEMORY #2 SECTION

CUMULATIVE
ADDED IMAGE



https://share-analytics.zhihuiya.com/view/85cf80ba-e7a8-464f-8bef-8d180da92de4
https://worldwide.espacenet.com/patent/search/family/038437157/publication/US2009306505A1?q=US2009306505A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090306505%22.PGNR.&OS=DN/20090306505&RS=DN/20090306505

